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PREFACE  TO  THE  TENTH  EDITION. 


In  spite  of  the  short  interval  that  has  elapsed  between  the  appear- 
ance of  the  ninth  and  that  of  this  new  edition  all  sections  of  the  book 
have  been  subjected  to  extensive  revision,  with  the  inclusion  of  the 
results  of  the  most  recent  investigations.  The  number  of  illustrations 
has  been  increased  and  some  have  been  replaced  by  better  ones. 

Since  the  book  has  been  placed  in  the  hands  of  students  and  phy- 
sicians in  ten  large  editions,  as  well  as  in  several  English  editions,  a 
Russian  translation  in  a  second  edition,  an  Italian,  a  French,  and  a 
Spanish  translation,  I  have  become  more  fiimly  established  in  the 
conviction  that  the  plan  according  to  which  I  have  labored,  both  as 
author  of  this  book  and  as  teacher,  is  the  correct  one.  Physiology  is 
the  foundation  of  internal  medicine,  and  it  should,  therefore,  be  so 
taught  that  the  physician  can  continue  to  build  upon  it  and  find  sup- 
port in  it.  This  has  been  my  endeavor ;  in  this  sense  the  book  has  been 
revised  uniformly  throughout  in  this  edition. 

L.  Landois. 

Grbifswald. 
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TENDENCY  AND  PURPOSE  OF  THE  WORK. 

In  the  preparation  of  the  forelying  concise  Textbook  of  Physiology 
the  author  has  been  governed  by  an  endeavor  to  provide  for  physicians 
and  students  a  book  that  should  supply  the  needs  of  the  practising 
physician  in  larger  measure  than  is  done  by  the  majority  of  similar 
works.     With  this  end  in  view  a  brief  outline  of  pathological  variations 
is  appended  in  every  section  to  the  description  of  the  normal  processes. 
This  is  done  for  the  purpose  of  directing  the  attention  of  the  student 
from  the  outset  to  the  field  of  his  future  professional  activity  and  of 
pointing  out  the  extent  to  which  the  morbid  process  represents  a  de- 
rangement of  the  normal.     On  the  other  hand,  opportunity  is  by  this 
means  afforded  the  practising  physician  to  renew  acquaintance  readily 
with  the  theoretical  doctrines  that  as  a  rule  slip  away  from  him  all  too 
soon  in  the  pursuit  of  his  vocation.     Here  he  can  without  effort  look 
back  from  the  morbid  phenomena  under  treatment  to  the  normal  pro- 
cesses and  in  the  recognition  of  these  obtain  new  suggestions  for  correct 
interpretation  and  treatment.     From  this  standpoint  the  author  has 
described  fully  all  those  methods  of  investigation  that  may  be  employed 
by  the  practitioner  with  great  advantage  and  that  as  a  rule  are  but 
briefly  treated  in  books  on  physiology.     Reference  may  be  made  here 
to  the  following  sections;    Blood -examination ;    graphic  study  of  the 
normal  and  abnormal  heart -beat ;    heart-sounds  and  heart-murmurs ; 
the  pulse ;    the  venous  pulse ;  transfusion ;    normal  and  abnormal  re- 
spiratory murmurs;    ventilation;    examination  of  the  air  in  dwellings; 
the  sputum ;  deviations  from  the  normal  digestive  processes ;  diabetes ; 
cholemia;    the  digestion  in  febrile  patients;    thermometry  and   calor- 
imetry  in  the  febrile  state;  examination  of  drinking-water;  meat  and 
meat-preparations;    excessive  deposition  of  fat  and  muscle,  and  the 
means  for  its  relief;  examination  of  the  normal  urine  and  the  determina- 
tion of  all  pathological  constituents,  as  well  as  of  urinary  concretions; 
uremia,    ammoniemia,    uric-acid    diathesis;     morbid    disturbances    in 
retention  and  evacuation  of  urine ;  pathological  alterations  in  the  sudorif- 
erous and  sebaceous  secretions;    galvanic  conductivity    through   the 
skin;  gjTnnastics  and  therapeutic  gymnastics;  pathological  alterations 
in  the  motor  functions ;    larj'Ogoscopy  and  rhinoscopy ;    pathology  of 
phonation  and   articulation;    physiological   principles   underlying    the 
therapeutic  application  of  electricity ;    constant  currents  and  electrical 
apparahis. 

in  the  consideration    of    ever>'    individual    nerve  and  the  difCer- 

"ftTe-centers    a    sketch    of    the    pathological     manifestations    is 

With    relation  to  the  nerve-centers  the  derangements  of  the 

tiosc  of  conduction  to  the  central  organs,  those  of  the  respira- 
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tory  center,  together  with  the  means  for  resuscitating  asphyxi;ited 
persons,  and  the  group  of  aoKioneuroses.  have  received  especial  con- 
sideration PaTticular  importamc  has  been  attached  to  the  physio- 
logical topography  of  the  surface  of  tlie  cerelmim  in  man  with  reference 
to  modem  investigation  into  the  locahzation  of  the  functions  of  the 
brajn.  The  same  principle  has  been  followed  also  with  relation  to 
the  physiology  of  the  organs  of  special  sense.  Evidence  of  this  wilt 
he  found  in  the  discussions  of  abnormalities  of  ocular  refraction,  the  use 
of  spectacles,  ophthalmoscopy,  the  orthoscope,  color-blindness  and  its 
practical  significance,  further  investigations  into  the  functions  of  the 
other  special  senses  and  their  principal  disorders.  The  embr\'ological 
section  has  given  especial  consideration  to  the  subject  of  developmental 
defects,  and  to  malformations  as  the  moat  important  of  these;  and  also 
to  the  means  for  determining  the  i>criod  of  development  reached  by 
human  embryos. 

In  description  it  was  the  aim  of  the  author  to  be  as  concise  and 
comprehensive  as  possible.  Elaborate  discussions  have  been  scnipu- 
lously  avoided.  At  the  same  time  the  typography  has  been  so  arranged 
that  the  more  important  and  purely  physiological  matters  arc  presented 
in  conspicuouK  type.  Also,  the  Iieginner  can  without  disadvantage  pass 
over  the  pathologic -physiological  sections;  the  student  during  the 
period  of  clinical  instruction  will,  however,  with  advantage  review  the 
field  of  norma!  physiology  from  the  latter. 

The  author  has,  further,  considered  it  advisable  to  add  to  each 
physiological  section  a  brief  outline  of  the  historical  development  of 
the  subject  in  hand,  and  likewise  a  summary  of  the  comparative  physi- 
ology of  the  animal  kingdom.  Finally,  the  histology  and  microscopic 
anatomy  have  been  more  fully  considerw!  in  each  section  than  is  the 
case  with  most  textbooks  of  physiology. 

On  the  basis  of  the  plan  thus  outlined  the  appearance  of  the  fore- 
lying  work  IB  I  believe  justified.  That  this  plan  has  not  I>een  fallacious 
is  indicated  by  the  numerous  discussions  in  the  medical  journals  of 
N'ortb  and  South  Gemisny.  Austria.  Swilrerland.  Hungary.  Russia. 
France,  Kngland,  Italy,  Scandinavia,  America,  which  have  received 
the  book  with  favor,  and  recognition  The  author,  however,  is  par- 
ticularly gratified  that  the  book  has  been  received  with  approval  by 
physiologists.  In  order  to  dispel  any  anxiety  on  the  part  of  those  who 
perhaps  may  fear  that  the  scientific  eminence  of  our  science,  of  funda- 
mental importance  in  the  entire  domain  of  medicine,  may  suffer  from 
the  attempted  association  of  physiolog\-  with  the  practical  department 
of  medicine.  I  shall  quote  a  few  words  from  a  letter  WTittcn  by  one  of 
our  most  illustrious  and  most  versatile  physiologists: 

"Should  anyone  publish  a  handbook  like  that  of  yours,  of  which 
the  first  half  is  before  me.  he  will  l^e  t-ntitled  to  the  thanks  not  onlv  of 
the  students,  but  also  of  the  teacher  and  investigator.  And  as  it  is 
my  ambition  to  combine  in  myself  the  three  qualities  indtcatcrd,  my 
thanks  are  tendered  you  with  all  my  heart  Your  pathological  descrip- 
tions arc  in  their  condensed  brevity  so  masterfully  clear  that  I  promise 
myself  from  your  book  a  most  benelicial  action  and  reaction  upon  the 
field  of  clinical  medicine."     .... 

If  these  words  have  been  realised  1  should  find  in  this  fact  a  perfect 
reward  for  my  endeavors  It  has  always  appeared  to  me  in  my  academic 
activity  as  a  teacher  that  my  principal  aim  must  lie  in  the  thorough 
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preparation  of  physicians  for  physiological  thought.  And  if  to  this, 
my  aim,  there  be  apposed  the  statement  of  prouder  sound,  "we  make 
physiologists,"  this  would  not  deflect  me  from  my  course  as  a  teacher, 
of  which  I  believe,  in  the  words  of  the  master  Hercphilus:  corw  rauria  ihai 
^(iml't  et  ytt  jitj  iiTTC  -Kputra. 

L.  Landois. 
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l8  MATTER. 

If  it  be  desired  to  give  a  special  position  in  the  system  of  organisms  to  those 
beings  that  occupy  the  lowest  plane  of  development  and  that,  representing  to  a  cer- 
tain degree  the  prototype  in  the  family  history,  have  as  yet  not  been  differentiated 
into  animal  ana  vegetable,  the  so-called  protists  (Haeckel),  these  likewise  would 
occupy  a  distinct  place  in  the  foregoing  arrangement  by  the  side  of  animals  and 
plants. 

Morphology  and  physiology  are  coordinate  branches  of  biology.  A 
knowledge  of  moqjhology  is  a  prerequisite  for  the  comprehension  of 
physiology,  inasmuch  as  the  functions  of  an  organ  can  be  correctly 
understood  only  if  its  external  form  and  its  internal  structure  are  pre- 
viously known.  The  developmental  history  occupies  an  intermediate 
position  between  morphology  and  physiology.  It  is  a  department  of 
morphology  in  so  far  as  it  has  to  do  with  a  description  of  the  parts  of 
the  developing  organism ;  it  is  a  physiologic  study  in  so  far  as  it  investi- 
gates the  functions  and  vital  phenomena  during  the  period  of  develop- 
ment of  the  organism.  In  all  the  branches  of  biologic  science  it  is  neces- 
sary to  enter  upon  a  consideration  of  physical  and  chemical  principles. 


MATTER. 

The  entire  visible  world,  including  all  organisms,  consists  of  matter, 
that  is,  of  the  material  or  substance  that  occupies  space.  A  distinction 
is  made  between  ponderable  matter  (in  ordinary  language  often  desig- 
nated simply  matter),  which  can  be  weighed  upon  the  scales;  and  im- 
poitderable  matter,  which  cannot  be  weighed  upon  the  scales.  Tlic  latter 
is  designated  ether  (also  luminiferous  ether  or  light-ether).  Ponderable 
matter  or  bodies  possess  form  (or  shape),  that  is,  the  outline  of  their  limit- 
ing surfaces;  also  volmite,  that  is,  the  amount  of  space  they  occupy;  and 
finally  an  aggregate  condition,  wjiich  takes  a  solid,  liquid,  or  gaseous  form. 

The  ether  fills  the  space  of  the  universe,  at  any  rate,  with  certainty 
to  the  most  remote  visible  stars.  This  light-ether,  notwithstanding  its 
imponderability,  possesses  quite  definite  mechanical  properties.  It  is 
infinitely  more  attenuated  than  any  other  known  form  of  gas,  and  never- 
theless its  behavior  corresponds  rather  with  that  of  a  solid  body  than  with 
that  of  a  gas.  It  more  nearly  resembles  a  gelatinous  mass  than  air. 
It  takes  part  in  the  vibrations  of  the  atoms  of  the  most  distant  stars 
associated  with  the  luminous  iihenomena  of. the  latter,  and  it  is  thus  the 
carrier  of  light,  which  through  its  vibrations  it  conducts  to  the  visual 
apparatus  with  inconceivable  rapidity  {300,000  kilometers  in  the 
second). 

Imponderable  matter  (ether)  and  ponderable  matter  (substance)  are 
not  sharply  delimited  from  each  other;  on  the  contrary,  the  ether  pene- 
trates the  interstices  present  in  the  smallest  particles  of  ponderable 
matter. 

If  ponderable  matter  be  conceived  to  be  divided  into  gradually 
smaller  and  smaller  parts,  in  the  process  of  progressive  .subdivision  parts 
would  eventually  be  reached  whose  aggregate  condition  would  still  be 
recognizable.  These  are  designated  particles.  Particles  of  iron  would 
still  be  recognized  as  solid,  tho.se  of  water  as  thud,  and  those  of  o.xygen 
as  gaseous.  If  it  be  conceived  that  the  process  nf  division  of  tlie  ]iarti- 
cles  be  carried  to  a  further  degree,  a  point  will  thirdly  be  readied  beyond 
which  further  division  cannot  be  effected  either  by  mechanical  nr  by 
physical   means.      In   this  way  the   I'mUeide  is  obtained.     A   molecule. 
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accordingly,  is  the  smallest  portion  of  a  body  that  is  capable  of  existence 
in  a  free  state,  and  that,  further,  as  a  unit  no  longer  exhibits  the  aggre- 
gate condition.  The  molecule  is,  however,  not  the  ultimate  unit  of  the 
body.  On  frhe  contrary,  every  molecule  consists  of  a  collection  of  the 
smallest  units,  which  are  known  as  atoms.  An  atom  is  incapable  of 
occurring  alone  in  a  free  state,  but  atoms  unite  with  other  atoms  of 
the  same  or  of  different  character  to  form  atom-complexes,  desig- 
nated molecules.  Atoms  are  unconditionally  insusceptible  of  division; 
whence  the  name.  Atoms,  further,  are  conceived  to  be  of  constant  size 
and  solid  in  themselves.  From  the  chemical  standpoint  the  atom  of  an 
elementary  body  (element)  is  the  smallest  amount  of  an  element  that 
is  capable  of  entering  into  chemical  combination.  Just  as  ponderable 
matter  consists  in  its  ultimate  parts  of  ponderable  atoms,  so  also  does 
the  ether,  imponderable  matter,  consist  of  analogous  particles  of  smallest 
size,  namely,  ether-atoms. 

Within  ponderable  matter  the  ponderable  atoms  are  arranged  in 
quite  a  definite  order  with  relation  to  the  ether-atoms.  The  ponderable 
atoms  are  drawn  mutually  toward  one  another  (attraction);  the  pon- 
derable atoms  likewise  attract  the  imponderable  atoms ;  but  the  ether- 
atoms  mutually  repel  one  another.  It  thus  comes  about  that  in  the 
ponderable  mass  ether-atoms  are  collected  about  every  ponderable  atom. 
These  collections,  designated  "dynamids"  by  Redtenbacher,  tend,  in 
accordance  with  the  powers  of  attraction  of  the  ponderable  atoms,  to 
approach  one  another,  but  only  so  far  as  permitted  thus  to  do  by  the 
repellent  power  of  the  surrounding  ether-atoms.  Therefore  the  pon- 
derable atoms  can  never  cohere  without  interstices,  but  the  entire  mass 
of  matter  must  be  considered  as  loose  in  texture  in  consequence  of  the 
interposed  ether -atoms,  which  prevent  immediate  contact  between  pon- 
derable atoms. 

The  aggregate  condition  of  the  body  depends  therefore  upon  the 
mutual  arrangement  of  the  molecules  (namely,  those  small  particles  of 
matter  that  may  still  occur  isolated  in  a  free  state). 

Within  solid  bodies,  which  are  characterized  by  constancy  of  volume, 
as  well  as  independence  of  form,  the  molecules  are  arranged  in  a  fixed 
and  unchangeable  relation  with  one  another.  In  fluid  bodies,  which  are 
characterized  by  constancy  of  volume,  though  by  variability  of  form, 
the  molecules  are  in  constant  movement,  just  as  in  a  mass  of  moving 
worms  or  insects  the  individual  animals  are  incessantly  changing  their 
place  with  relation  to  one  another.  If  this  movement  of  the  molecules 
attains  such  proportions  that  the  individual  molecules  scatter  in  all 
directions  (just  as  the  moving  collection  of  insects  separates  into  its 
constituent  parts),  the  body  becomes  gaseous,  and  is  characterized  in  this 
form  both  by  its  inconstancy  of  form  and  its  variability  in  volume.  The 
study  of  molecules  and  their  motor  phenomena  is  the  part  of  physics. 

FORCES. 

Gravitation;  Work  of  a  Force. — All  phenomena  appertain  to 
matter.  They  are  the  appreciable  expression  of  the  forces  inherent  in 
matter.  The  forces  themselves  are  not  appreciable;  they  are  the  causes 
of  the  phenomena.  The  first  of  the  forces  to  be  considered  is  gravita- 
tion. According  to  the  law  of  gravitation  every  particle  of  ponderable 
matter  in  the  universe  attracts  every  other  particle  with  a  certain  degree 
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of  force.  This  force  diminishes  inversely  as  the  square  of  the  distance 
between  the  two  bodies.  The  .power  of  attraction  is  further  directly 
proportional  to  the  quantity  of  the  attracting  matter,  though  without 
any  relation  to  the  quality  of  the  body.  The  intensity  of  the  force  of 
gravitation  can  be  measured  by  the  extent  of  the  movement  that  it 
communicates  to  a  freely  falling  body  previously  supported  in  a  vacuum 
but  deprived  of  its  support.  This  figure  is  9.809,  because  the  force  of 
gravity  operating  for  one  second  upon  the  freely  falling  body  imparts 
to  this  a  velocity  of  9.809  meters. 

The  final  velocity  of  the  freely  falling  body  at  the  end  of  the  first  second  (deter- 
mined experimentally)  is  designated  thus,  g  =  9.809  meters.  The  velocity,  v,  of 
the  freely  falling  body  is  in  general  proportional  to  the  time,  t.  occupied  in  falling. 

Therefore  v  =  gt (1) ,  that  is,  at  the  end  of  the  first  second  v  —  g,  i  = 

g  =  9.809  meters. 

The  distance  through  which  the  body  falls,  s  =  "t' (a) ;    that  is.  the 

distance  through  which  a  body  falls  is  as  the  square  of  the  time  occupied  in  falling. 

From  (i)  and  (i)  there  follows  (by  eliminating  t)  v  =^  v'S^ (3)- 

The  velocity  is  as  the  square  root  of  the  distance  traversed  in  failing. 
thus  jg  =^  s   (4) 

A  freely  falling  body,  and  also  in  general  every  mass  in  movement, 
possesses  kinetic  energy  (actual  energy);  it  is  to  a  certain  degree  a  reposi- 
tory of  force.  The  kinetic  energy  of  a  body  in  movement  is  always 
equal  to  the  product  of  its  weight  (determinable  by  scales)  and  the 
height  to  which  it  would  rise  from  earth  if  it  were  raised  from  the  earth 
with  the  velocity  peculiar  to  it. 

If  the  kinetic  energy  of  the  moving  body  be  designated  W  and  its  weight  P. 
then  W  =  P,  s;   then,  from  {4).  W  =  P  -  (5). 

o 

The  kinetic  energy  of  a  body  is  therefore  proportional  to  the  square 
of  its  velocity. 

If  an  accelerating  force  operating  on  a  body  (pressure,  traction,  or 
tension)  drives  it  for  some  distance  in  the  direction  of  its  activity,  the 
force  thus  expends  work.  This  is  equal  to  the  product  that  is  obtained 
if  the  amount  of  pressure  or  traction  that  propels  the  body  is  multiplied 
by  the  length  of  the  path  traversed. 

If  K  represents  the  pressure  or  the  traction  with  which  the  force  operates  upon 
the  body  and  S  the  path,  then  the  work  A  ^-  KS.  In  the  same  way  the  attraction 
between  the  earth  and  a  body  raised  above  it  (as,  for  instance,  a  ram)  is  a  source 
of  work. 

It  is  customary  to  express  the  value  of  K  in  kilograms,  but,  on  the 
other  hand,  that  of  S  in  meters.  Accordingly  the  unit  of  work  is  the 
kilogrammeter  (according  to  some  the  granimeter),  that  is,  the  force  that 
is  capable  of  raising  i  kilo  (according  to  some  i  gram)  to  tlie  height  of 
I  meter. 

Potential  Energy. — Tranxfomuition  of  Pctcntial  Em-rt^y  into  Kinetic 
Energy,  and  the  Reverse. — ^In  addition  to  the  kinetic  energy  referred 
to.  bodies  may  possess  also  mechanical  potential  energy.  By  tliis 
designation  is  understood  an  aggregation  of  forces  that  are  still  inhibited 
in  their  free  evolution,  and  that,  further,  are  causes  of  movement ,  without 
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themselves  being  movement.  The  wound  clock-spring  prevented  from 
unwinding  by  a  catch,  the  stone  resting  upon  the  cornice  of  a  tower,  are 
illustrations  of  bodies  possessing  potential  energy.  Only  an  impulse  is 
required  to  evolve  actual  from  potential  energy  or  to  convert  the  poten- 
tial into  kinetic  energy.  The  stone  resting  upon  the  cornice  of  the  tower 
was  raised  to  that  place  by  means  of  work  (A). 

A  —  p,  s,  p  representing  the  weight  and  s  the  height,  p  —  m,  g,  thus  the 
equivalent  of  the  product  of  the  mass  (m)  and  the  force  of  gravity  (g) ;    therefore 

A  =■  m,  g.  s. 

This  is  at  the  same  time  the  expression  for  the  potential  energy 
residing  within  the  stone.  This  elastic  energy  may  readily  be  converted 
into  kinetic  energy  by  causing  the  stone  to  fall  from  the  edge  of  the 
tower  by  means  of  a  slight  push.  The  actual  energy  of  the  stone  is 
equal  to  the  terminal  velocity  with  which  it  reaches  the  ground, 

V    =  yjgs  (see  3). 

v>   =    2gS 

mv'  ='  amgs 
-v'  "  mgs 

m,  g,  s  represents  the  potential  energy  residing  within  the  stone  at 
rest  in  its  elevated  position;  Vj  is  thus  the  kinetic  energy  correspond- 
ing to  this  potential  energy. 

Actual  energ>'  and  mechanical  potential  energy  can  be  transformed 
into  each  other  under  most  varied  conditions;  they  can  also  be  con- 
veyed from  one  body  to  another. 

Of  the  first  statement  the  movement  of  a  pendulum  furnishes  a  striking 
illustration.  The  pendulum-bob,  located  at  the  highest  point  of  the  excursion, 
and  which  must  be  considered  to  be  in  a  slate  of  absolute  rest  at  this  point  for 
a  moment,  is.  exactly  as  the  resting  stone  in  the  previous  illustration,  provided 
with  potential  energy.  In  the  free  movement  that  now  takes  place  this  potential 
energy  is.  converted  into  kinetic  energy,  which  is  greatest  when  the  bob  with 
greatest  movement  is  in  the  vertical  plane.  Rising  again  from  this  point,  the 
kinetic  energy,  with  diminution  in  the  free  movement,  is  transformed  into  poten- 
tial energy,  which  again  attains  its  maximum  at  the  resting-point  at  the  height 
of  the  excursion.  In  the  absence  of  constantly  operating  resistances  (resistance 
of  the  air,  friction)  this  play  of  the  alternate  transformation  of  kinetic  energy  into 
potential  energy  and  the  reverse  taking  place  in  the  pendulum  would  continue 
uninterruptedly  (as  in  a  mathematical  pendulum).  If  it  be  conceived  that  the 
swinging  pendulum-bob  encounters  exactly  in  the  vertical  plane  a  movable  body 
resting  at  this  point,  such  as  a  sphere,  then  (assuming  perfect  elasticity  on  the 
part  of  the  pendulum-bob  and  the  sphere)  the  kinetic  energy  of  the  pendulum-bob 
would  be  transmitted  directly  to  the  sphere:  The  pendulum  would  come  to  rest, 
while  the  sphere  would  contmue  in  movement  with  equal  kinetic  energy  (again 

Providing  there  is  no  resistance).  This  is  an  instance  of  the  transmission  of 
inetic  energy  from  one  body  to  another.  Finally  it  may  be  conceived  that  a 
coiled  clock-spring  in  unwindmg  causes  another  to  become  coiled.  This  would  be 
an  instance  of  the  transmission  of  potential  energy  from  one  body  to  another. 

From  the  illustrations  given  the  general  proposition  may  be  deduced: 
If  in  a  system  the  individual  moving  masses  approach  a  final  condition 
of  equilibrium,  the  sum  of  the  kinetic  energies  in  the  system  will  be 
increased;  and  if  the  particles  are  removed  from  the  final  condition  of 
equilibrium,  then  the  sum  of  the  potential  energies  is  increased  at  the 
expense  of  the  kinetic  energies;  that  is,  the  kinetic  energies  diminish. 
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The  pendulum  apprcMclitng  ilie  \Yrtical  plane  (the  pocitton  of  equilibrium  (or 
a  resting  pendulum)  from  the  highest  point  of  ite  excursion  pogseesct  in  this 
positioD  toe  ffreaicst  amount  of  kinetic  mcrg>- .  and  aKcnding  to  the  highest  ^olnt 
of  lu  excursion  on  the  oihcr  sitJi-  it  attJiiiiB.  at  the  expense  of  the  proxresaivcly 
diminisbtnK  movemrnt  and  thereby  also  the  kinc;ic  enen:>'.  Again  sradually  the 
loaxintum  o£  potcnliol  energy. 

Heat :  Its  Relation  to  Kinetic  Energy  and  to  Potential  Energy. — If 
a  leaden  weight  be  thrcwn  from  tlic  summit  of  a  tower  to  the  earth 
axid  there  encounter  an  unyiclOing  surface,  its  movement  in  mass 
will  come  to  rest,  but  tlic  kinetic  energy,  which  to  llic  eye  appears 
dis3ip.<ited.  is  transfonnetl  into  an  actively  vibratory  movement  of  the 
atoms.  On  striking  the  ground  heat  is  generated,  the  amount  of  which 
is  proportionate  to  the  kinetic  energy  that  is  transformed  by  the  impact. 
At  the  moment  of  contact  on  the  part  of  the  falling  weight  the  atoms 
are  set  into  vibration  by  the  concussion.  They  impinge  upon  one 
another  and  then  rebound  in  consequence  of  the  potential  encrg>'  that 
tends  to  prevent  their  immediate  apposition;  they  separate  to  a  maxi- 
mum degree  in  so  far  as  the  power  of  attraction  of  the  ponderable 
atoms  permits  and  they  oscillate  to  and  fro  in  this  manner.  All  atoms 
oscillate  like  a  pendulum  until  their  movement  is  transmitted  to  all 
the  surrounding  ether-atoms,  that  ik,  until  the  heat  of  the  heated  mass 
is  radiated.  Heat  is  a  vibratorj*  movement  of  the  atoms.  As  the 
amount  of  heat  generated  is  proportionate  to  the  kinetic  energy  that 
is  transfonned  by  the  impact,  it  must  be  possible  to  find  an  adequate 
measure  for  both  forms  of  force. 

The  heat<unit  (calorj'),  that  is,  the  energy  that  raises  the  tempera- 
ture of  I  gram  of  water  i°  C,  ser\-es  as  the  measure  of  the  amount 
of  heal.  This  heat-imit  corresponds  to  435.5  granimeters:  that  is,  the 
same  amount  of  energi*  thfit  raises  the  temperature  of  i  gram  of  water 
1°  C.  is  capable  of  rai.sing  a  weight  of  425.5  grams  to  a  height  of  i  meter; 
or,  a  weight  of  4*5.5  grams  falling  from  the  height  of  i  meter  would 
in  its  impact  generate  so  much  heat  as  would  raise  the  temperature  of 
I  gram  of  water  i*  C.  The  mechanical  equivalent  of  the  heat-unit  is 
therefore  4^$-$  grammeters. 

It  is  evident  thai  from  the  impact  of  niasws  in  motion  an  amount  of  heat  of 
Immeasurable  decree  nmv  bo  generated.  It  this  atatcmcnt  be  applied  to  the 
planetc,  their  impact  would  result  in  the  production  of  an  amount  of  beat  greater 
than  could  be  generated  by  any  form  of  rnrlhlv  c^nn  trust  ion.  \(  the  cartn  were 
suddenly  checked  in  it$  coiirse  and  if  through  thf  force  of  gravitatinn  it  plun^d 
into  the  sun  [in  the  course  of  which  it  would  eventually  have  acauired  a  terminal 
velocity  of  (•)<>.■}  kilintu'irn;  in  a  Mcond]  an  amount  of  heal  would  be  generated  in 
consequence  of  the  cothsion  r^juivalrnl  to  that  produced  by  the  combuHlion  of 
more  than  5000  equally  IicaiT  niasaci  o(  pure  carbtm.  In  ttis  manner  the  dem- 
onstration can  \x  made  scieniirically.  that  even  tbc  sun's  beat  may  have  been 
produced  by  the  impact  of  cold  matter.  If  the  cold  matter  of  the  universe  vtere 
throna  into  space,  and  there  left  to  the  attroction  of  itf  particlea,  the  impact  of 
these  masses  would  evcnuially  extin^isb  the  light  o(  tlic  stars.  In  the  same  way 
numerous  co«ratc  bodies  sti!l  collide  m  space,  and  LnnuircraMo  meteors  conjtantly 
plunge  into  the  sun  ((rom  9400  to  lAS.eoo  billionK  of  kiloa  in  each  minute). 
Thus,  the  action  of  the  force  of  gravitation  it  in  fact  perhaps  the  exclusiti'e 
origin  of  all  heat.  The  following  u  an  instance  of  the  transformation  of  kinetic 
energy  into  beat:  The  smith  makes  a  piece  of  iron  hoi  bv  hammenng.  The  fol- 
lowing is  tin  instance  of  the  transfornuttion  of  heat  into  kinetic  cnerg)-;  The  hot 
steam  of  the  stcam-cn^nc  causes  the  [HSton  lo  rise.  The  following  is  an  illustr.-i- 
tion  of  the  transformation  of  potential  energy  into  heat :  The  unwinding  of  a  ci>Ucd 
metallic  epring,  rubbins  upon  a  rougli  surface,  produces  heat  by  friction.     Exam- 
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pies  of  like  character,  as  well  as  of  other  transformations,  could  be  readily  given 
in  any  number. 

Chemical  Affinity  of  Atoms :  Relation  to  Heat. — While  the  force  of 
gravitation  acts  upon  the  particles  of  matter  without  reference  to  the 
character  of  the  body,  still  another  form  of  force  is  found  in  the  realm 
of  atoms,  which  is  effective  between  the  atoms  of  chemically  different 
bodies,  namely,  chemical  affinity.  This  is  the  force  by  means  of  which 
the  atoms  of  chemically  different  bodies  unite  in  chemical  combination. 
The  energy  itself  is  extremely  variable  between  the  atoms  of  different 
chemical  bodies. 

A  distinction  is  made  between  strong  chemical  affinities  (or  rela- 
tions) and  weak  affinities.  Just  as  it  is  possible  to  determine  the  kinetic 
energy  of  a  body  in  motion  from  the  amount  of  heat  that  it  generates 
in  its  impact  upon  an  unyielding  surface,  so  the  degree  of  chemical 
affinity  can  be  determined  from  the  amount  of  heat  that  is  produced, 
as  the  atoms  of  chemically  different  bodies  unite  in  chemical  combina- 
tion; for  if  a  complex  body  is  formed  from  individual,  chemically 
different  atoms  heat  is,  as  a  rule,  generated.  IE  as  a  result  of  the 
force  of  affinity  the  atoms  of  i  kilo  of  hydrogen  and  8  kilos  of  oxygen 
unite  to  form  the  chemical  combination  water,  an  amount  of  heat  is 
generated  that  is  equal  to  that  developed  by  the  impact  of  a  weight  of 
47,000  kilos  in  falling  from  a  height  of  300  meters  above  the  surface  of  the 
earth.  One  gram  of  hydrogen  converted  into  water  by  addition  of 
oxygen  yields  34,460  heat-units  (calories).  One  gram  of  carbon  con- 
verted into  carbon  dioxid  yields  8080  calories. 

Whenever  in  the  course  of  chemical  processes  considerable  affinities 
are  satisfied  heat  is  set  free,  that  is,  generated  from  the  force  of  affinity. 
The  force  of  affinity  is  a  form  of  potential  energj'  acting  between  the 
various  atoms  that  in  the  course  of  the  chemical  process  is  transformed 
into  heat.  It  is  thus  likewise  explicable  that  in  the  course  of  those 
chemical  processes  through  which  strong  affinities  are  dissolved,  in 
which  the  chemically  united  atoms  are  again  separated,  cooling  takes 
place,  or,  as  is  commonly  stated,  heat  becomes  latent.  That  is,  the 
energy  of  the  heat  rendered  latent  is  transformed  into  chemical  poten- 
tial energy,  and  this  in  turn,  after  disintegration  of  the  complex  chemical 
body,  appears  between  its  isolated,  individual  atoms  as  chemical  affinity. 

LAW  OF  THE  CONSTANCY  OF  ENERGY. 

Julius  Robert  v.  Mayer  (184a)  and  Hermann  Helmholtz  (1847)  have 
established  the  important  law  that  in  a  system  that  receives  no  influ- 
ence or  impression  from  without  the  sum  of  all  the  contained  kinetic 
energies  is  always  equal.  The  energies  may  be  transformed  one  into 
another,  so  that  the  potential  energy  may  be  converted  into  kinetic 
energy,  and  the  reverse,  but  never  is  even  the  slightest  amount  of  the 
energy  lost.  The  transformation  that  takes  place  in  the  energies 
occurs  in  a  definite  manner,  so  that  from  a  definite  measure  of  a  given 
force  an  equally  definite  measure  of  the  new-appearing  force  always 
results. 

The  forces  occurring  in  the  animal  organism  appear  in  the  following 
modifications : 

I.  As  movement  in  mass  (generally  designated  simply  movement). 
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such  as  the  movement  of  the  entire  body,  of  the  extremities  and  many 
of  the  wscera;  also  appreciable  even  micnjsconicallj'  in  cells. 

a.  As  m<rvement  p}  tlw  atom:  in  the  form  o]  heat.  As  is  well  known, 
the  vibration  of  atoms  results  in  the  production  of  heat  or  of  light  or 
in  chemically  active  waves  io  accordance  with  the  number  of  vibrations 
in  the  unit  of  tinie.  The  smallest  number  of  vibrations  are  those  of 
heat,  the  highest  those  that  are  chemically  aclivc.  and  between  the 
two  are  the  vibrations  of  light.  In  the  human  body  only  heat-waves 
have  of  these  three  lieen  oiiserved,  but  some  lower  forms  of  life  are 
capable  of  causing  also  luminous  phenomena. 

In  the  human  organism  movements  in  mass  are  constantly  trans- 
fonned  in  certain  organs  into  heat,  as.  for  instance,  the  kinetic  energy 
in  the  circulator)'  organs,  and  which  is  transformed  into  heat  by  the 
resistance  within  the  vascular  apparatus.  The  measure  of  these  trans- 
fonnations  also  is  the  unit  of  energv-  —  i  grammeter.  and  the  unit  of 
heat  —  425-S  grammelers. 

3.  In  the  fonn  of  poieiUial  etifr^y  (latent  energy)  the  organism  con- 
tains many  chemir.il  combinations  char.1rteri7.ed  especially  by  great 
complexity  of  constitution  and  imperfect  saturation  of  the  contained 
BOinities,  and.  therefore,  by  their  great  lendency  to  break  down  into 
simpler  bodies.  The  body  is  capa!)te  o(  generating  both  heat  and 
kinetic  energy  from  potential  energies;  kinetic  energ>',  however,  is  always 
in  combination  with  heat,  while  heat  may  be  produced  alone.  The 
simplest  measure  of  the  potential  energies  is  the  amount  of  heat  that 
can  be  obtained  by  the  combustion  of  the  chemical  bodies  in  question 
representing  the  potential  energy.  As  a  secondary  matter  the  number 
of  equivalent  units  of  energj'  can  be  determined  in  turn  from  the  amount 
of  heat  generated. 

4.  It  is  known  that  the  phenomena  of  cU'ctTuity,  ntagnelistn  and 
diamagnctisni,  may  make  themselves  manifest  in  two  directions,  namely, 
in  the  form  of  movement  of  minutest  particles,  which  may  be  recog- 
nized in  the  incandescence  of  a  thin  wire  (the  seal  of  great  resistance) 
traversed  by  a  strong  current;  and  also  in  the  form  of  movement  in 
mass,  as  exliibited  in  the  attraction  or  repulsion  of  the  magnetic  needle. 
In  the  body  electric  phenomena  appear  in  the  muscles,  nerves,  and  glands ; 
but  as  compared  with  other  forms  of  energy  they  arc  of  subordinate 
importance.  It  is  not  improbable  thai  the  electric  cncrgj'  of  the  body 
is  transformed  almost  wholly  into  heat.  The  endeavor  to  obtain  a 
measure  for  electric  energy,  the  unit  of  electricity,  as  a  means  of  direct 
comparison  with  the  heat-unit  and  the  unit  of  energy,  has  likewise  been 
attended  with  dcfmitc  success. 

/.umitioiu  phenomena  do  not  occur  in  the  bodies  of  the  most  highly 
developed  animals.  The  significant  investigations  of  Hertz  have  shown 
that  the  phenomena  of  light  exhibit  the  greatest  analogy  with  those  of 
electricity  in  the  most  important  connections,  so  that  the  relations  be- 
tween the  two  forms  of  energy  must  accordingly  be  admitted. 

It  is  certain  that  in  L)ie  body  also  the  different  forms  of  cncrgj-  can 
be  transfonned  one  mlo  another  in  a  detinite  and  constantly  invariable 
degree,  and  that  new  energy  never  develops  siwntancously  m  the  body, 
while  that  present  is  never  destroyed:  and  thus  also  the  organising  are 
a  theater  in  which  the  law  of  Ihe  constancy  of  energy  is  in  unceasing 
operation. 
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The  original  statement  of  Julius  Robert  v.  Mayer  may  be  appropriately  quoted 
at  this  point:  "There  is  but  one  energy,  which  operates  with  unceasing  change  in 
dead  and  in  living  things,  and  nowhere  in  either  does  any  change  take  place 
without  alteration  in  the  form  of  energy.  Physics  has  but  to  investigate  the 
metamorphoses  of  energy,  as  chemistry  has  to  investigate  the  transformations  of 
matter.  The  generation  as  well  as  the  destruction  of  energy  is  beyond  the  range 
of  human  thought  and  action:  Nothing  comes  from  nothing,  nothing  can  give  rise 
to  nothing.  If  chemistry  teaches  the  immutability  of  matter,  then  it  is  the  obliga- 
tion of  physics  to  demonstrate  the  quantitative  immutability  of  energy  notwith- 
standing all  variability  inform.  Gravitation,  motion,  heat,  magnetism,  electricity, 
chemical  difference,  are  all  but  varying  modes  of  manifestation  of  one  and  the 
same  natural  force  .that  reigns  throughout  the  universe,  for  any  one  can  under 
special  conditions  be  converted  into  another."  (Lucretius  Cams,  bom  95  B.  C., 
had  already  said:  "Nullam  rem  a  nihilo  gigni.  ....  neque  ad  nihilum 
interimat  res.") 

AWIBIALS  AND  PLANTS. 

Locked  up  in  the  constituent  elements  of  the  animal  body  is  an 
aggregation  of  chemical  potential  energies  (Lavoisier,  1789).  The  total 
amount  of  these  in  the  human  body  could  be  measured  if  the  entire 
cadaver  were  completely  burned  in  a  calorimeter  and  the  number  of 
heat-units  generated  were  noted  as  a  result  of  its  combustion.  The 
chemical  combinations  in  which  are  bound  up  the  potential  energy  are 
characterized  by  complexity  in  the  arrangement  of  their  atoms,  by 
imperfect  saturation  of  the  affinities  of  the  atoms,  by  a  relatively  small 
oxygen -content,  and  by  a  great  tendency  to  and  readiness  of  disintegra- 
tion. 

It  may  be  conceived  that  food  is  withheld  from  an  individual.  The 
fasting  person  loses  hourly  50  grams  of  body-weight;  the  tissues  in  which 
his  potential  energ>'  is  bound  up  are  thus  consumed.  Through  the 
taking  up  of  oxygen  combustion  continually  takes  place,  and  as  a 
result  of  this  process  the  complex  elements  of  the  body  are  converted 
into  simpler  ones,  whereby  the  potential  energy  forming  the  connecting 
link  between  them  is  transformed  into  kinetic  energj'.  It  is  a  matter 
of  indifference  whether  the  process  of  combustion  takes  place  rapidly 
or  slowly;  the  same  amount  of  chemical  matter  always  yields  the  same 
amount  of  kinetic  energy,  as,  for  instance,  heat.  After  the  lapse  of 
a  certain  time  the  fasting  person  becomes  conscious  of  the  state  of 
threatened  exhaustion  of  his  stored  potential  energj',  and  the  condi- 
tion of  hunger  sets  in.  The  hungry  person  takes  food;  all  food  for  the 
animal  kindgom  is  derived  either  directly  or  indirectly  from  the  vege* 
table  world.  Even  carnivorous  animals,  which  eat  the  flesh  of  other 
animals,  consume  in  the  final  analysis  oi^anized  material  formed  from 
vegetable  food.  Thus,  the  existence  of  the  animal  kingdom  necessarily 
implies  unconditionally  the  previous  existence  of  the  vegetable  king- 
dom. 

Vegetable  structures  thus  contain  all  of  the  nutritive  materials 
necessary  for  the  animal  body.  In  addition  to  water  and  inorganic 
matters,  vegetables  contain,  among  other  organic  combinations,  espe- 
cially also  the  three  principal  representatives  of  nutrient  bodies,  namely, 
fats,  carbohydrates,  and  proteids.  All  of  these  are  the  seat  of  abundant 
potential  energ>'  in  accordance  with  the  complexity  of  their  chemical 
constitution. 
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Man,  who  partakes  of  a  certain  amount  of  these  nutrient  materials, 
adds  to  them  through  the  respiraton'  process  the  oxygen  of  the  air, 
whence  there  results  a  process  of  combustion,  in  the  course  of  which 
chemical  potential  energ>'  is  converted  into  heat.  It  is  evident  that 
the  products  of  this  combustion  must  be  bodies  of  simple  constitution, 
bodies  with  uniform  arrangement  of  their  atoms,  with  most  complete 
saturation  of  the  affinities  of  their  atoms,  of  great  constancy,  partly 
rich  in  oxygen  and  possessing  slight  or  no  chemical  potential  energj-. 
These  bodies  are  carbon  dioxid  (COj),  water  (H,0),  and,  as  the  most 
important  representative  of  the  nitrogen-containing  derivatives,  urea 
(CO(NHj),),  which,  while  endowed  with  a  small  measure  of  potential 
energy  is,  outside  of  the  body,  readily  transformed  into  COj  and  ammonia 
(NH,). 

Thus,  the  animal  body  is  an  organism  in  which,  through  the  inter- 
mediation of  oxidation-phenomena,  the  complex  nutritive  matters  of 
the  vegetable  world,  representing  high  potential  energj',  are  trans- 
formed into  simple  chemical  bodies,  in  the  course  of  which  the  potential 
energy  is  transformed  into  an  equivalent  amount  of  kinetic  enei^y 
(heat,  work,  electric  phenomena). 

The  question  naturally  arises,  How  do  plants,  which,  as  the  first 
products  of  creation,  found  for  their  nourishment  no  preexisting  mate- 
rials endowed  with  potential  energ}',  and  still  suffer  from  no  lack  thereof 
^how  do  plants  form  the  complicated  nutrient  matters  mentioned, 
rich  in  stored-up  potential  energj-?  This  potential  energy  of  vegetable 
life  must  obviously  have  been  derived  from  some  other  form  of  energy, 
for  it  cannot  be  created  out  of  nothing.  This  kinetic  energj'  is  furnished 
plants  through  the  light  of  the  sun,  whose  chemical  rays  they  absorb. 
Without  sunlight  there  can  be  no  vegetable  life.  From  the  air  and  the 
earth  the  vegetable  organism  obtains  CO,,  HjO,  NH,.  and  N,  of  which 
carbon  dioxid,  water,  and  ammonia  {from  urea)  constitute  also  the 
excrementitious  matters  of  the  animal  body.  The  plant  obtains  from 
the  rays  of  the  sun  the  kinetic  energy  of  its  light  and  converts  it  into 
potential  energ\',  which,  as  in  all  vegetable  matter,  so  also  in  the  nutrient 
material  produced,  accumulates  in  the  process  of  the  growth  of  tlie  plant. 
This  formation  of  complex  chemical  combinations  takes  place  in  asso- 
ciation with  elimination  nf  oxygen. 

The  PapiUonaccjc,  as.  for  instance,  poas.  boans.  lupines,  acacius.  are  capable 
of  assimilating  the  free  nitrogen  of  tliL-  air  in  the  tissues  of  vlieir  root-buibs.  throui;h 
the  agency  of  symbiotic  micro-organisms  loJ-ed  upon  these.  Rhi;^obium  legumino- 
sarum.  Thus,  these  plants  are  capable  of  building  up  their  niirogen-conlainijis 
tissues  even  in  soil  entirely  free  from  nitrogen.  In  this  way  they  play  an  \ni- 
port&nt  fertilizing  role  in  agriculture  (lupine)  and  forestry  (acacia).     Also  lower 
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forms  of  vegetable  life,  as,  for  instance,  the  anaerobic  bacterium,  Clostridium 
pasteurianum,  is  capable  of  assimilating  free  nitrogen. 

At  times  plants  also  exhibit  free  Kinetic  energy  such  as  it  is  customary  to 
encounter  in  the  case  of  animals.  Certain  plants,  as,  for  instance,  the  aroids  and 
others,  develop  considerable  amounts  of  heat  during  the  flowering-period.  It  is 
also  to  be  borne  in  mind  that,  in  the  development  of  the  solid  parts  of  plants, 
the  transformation  of  formative  fluids  into  solid  matter  causes  heat  to  be  set  free. 
Absorption  of  oxygen  and  elimination  of  carbon  dioxid  have  also  been  observed 
in  plants.  These  processes  are,  however,  so  insignificant  as  compared  with  those 
described  as  typical  in  the  vegetable  kingdom,  that  they  may  be  considered  as 
of  little  or  no  importance. 

Thus,  plants  are,  on  the  whole,  organisms  that  through  the  agency 
of  reduction-processes  convert  simple  stable  combinations  into  complex 
ones,  with  the  transformation  of  kinetic  solar  energy  into  the  chemical 
potential  energj'  of  vegetable  matter.  Animals  are  living  organisms  in 
which  through  the  agency  of  processes  of  oxidation  the  atom-groups 
of  complex  construction  furnished  by  plants  are  split  up,  the  potential 
energy  being  transformed  into  kinetic  energ>',  which  makes  itself  mani- 
fest in  the  animal.  Thus  a  circulation  of  materials  and  a  constant 
interchange  of  energy  take  place  between  animals  and  vegetables.  All 
of  the  energj'  of  animals  is  derived  from  plants  and  all  of  the  energy 
of  plants  is  derived  from  the  sun.  Therefore,  the  latter  is  the  cause, 
the  ultimate  source  of  all  of  the  energj'  of  organism,  that  is,  of  life  as  a 
whole.  As  the  generation  of  the  sun's  heat  and  light  can  be  explained 
by  the  gravitation  of  masses,  so  it  is  possible  that  the  force  of  gravita- 
tion is  the  sole  ultimate  form  of  energj'  for  all  living  things. 

"The  sun  is  the  constantly  bent  spring  that  brings  about  the  activity  in  the 
atmosphere,  that  raises  the  waters  to  the  clouds,  that  causes  the  tides.  Light,  the 
most  mobile  of  all  forms  of  force,  intercepted  by  the  earth  in  flight,  is  transformed 
by  plants  into  a  rigid  state,  for  plants  produce  upon  it  a  continuous  sum  of  chem- 
ical difference,  constitute  a  reservoir  m  which  the  fugitive  rays  of  the  sun  are 
fixed  and,  adapted  for  useful  purposes,  are  deposited.  Plants  take  one  form  of 
energy,  light,  and  reproduce  another,  chemical  difference.  In  the  course  of  the 
processes  of  life,  but  one  transformation,  both  of  matter,  as  well  as  of  energy,  takes 
place,  but  never  is  the  one  or  the  other  produced  "  f  Julius  Robert  v.  Mayer,  1845). 
("Omnia  mutaniur,  nihil  intcrit, " — -Ovid.) 

The  generation  of  kinetic  energj-  in  the  animal  bodj'  from  the  poten- 
tial energy  of  the  plant  can  be  made  readily  comprehensible  by  means 
of  a  comparison.  The  atoms  of  the  matter  generated  in  organisms  may 
be  conceived  to  be  simple  small  bodies,  spherules  or  blocks.  So  long  as 
these  lie  in  a  single  layer  or  at  least  arranged  in  a  few  laj-ers  upon  the 
ground,  a  condition  of  rest  and  constancj-  will  prevail  in  consequence  of 
this  simple  and  stable  arrangement.  If,  however,  an  artificiallj'  arranged 
formation  of  unstable  construction  is  built  up  from  the  small  bodies, 
there  will  be  required  (i)  the  motor  force  of  the  constructing  agency, 
which  raises  and  combines  the  units.  As  soon,  however,  as  (a)  an 
impulse  from  without  acts  upon  the  completed  unstable  structure,  the 
atoms  collapse  and  the  impact  of  their  fall  generates  heat  (eventually 
also  kinetic  energj'  in  the  course  of  other  complicated  transformations). 
that  is.  the  energy  applied  bj'  the  constructing  agency  is  transformed 
into  the  form  of  energj-  last  named.  In  plants  tlie  complicated  unstable 
construction  of  the  atom-groups  takes  place,  the  sun  being  the  con- 
structing agencj'.  In  the  animal  bodj'.  wherein  the  plant  is  consumed, 
the  atomic  structure  is  disintegrated  into  simpler  elements,  with  the 
generation  of  kinetic  energy. 
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KINETIC  ENERGY  AND  LIFE. 

The  forms  of  kinetic  energy  that  are  active  in  organisms,  namely, 
plants  and  animals,  are  precisely  the  same  as  those  that  are  recognizable 
in  inanimate  matter.  A  so-called  "vital  energy,"  which  is  supposed  to 
act  as  a  special  fonn  of  force  of  peculiar  character  and  cause  and  control 
the  vital  phenomena  of  living  organisms,  does  not  exist.  The  forces 
of  all  matter,  both  organic  and  inorganic,  are  bound  up  in  their  smallest 
particles,  the  atoms.  As,  however,  the  smallest  particles  of  organ- 
ized matter  are  generally  united  in  a  most  complex  manner,  in  con- 
trast to  the  ordinarily  much  simpler  constitution  of  inorganic  bodies, 
the  forces  inherent  to  the  smallest  particles  of  organism  will  appear  in 
much  more  complicated  phenomena  and  combinations,  and  as  a  result 
the  explanation  of  the  vital  phenomena  in  the  organism  by  the  simple 
principles  of  physics  and  chemistrj'  is  rendered  extremely  difficult 
and  in  many  respects  appears  impossible. 

Metabolism  as  an  Index  of  Life. — A  special  form  of  interchange  in 
matter  and  energy  appears  peculiar  to  the  living  organisms  of  the  earth. 
This  consists  in  the  ability  to  adapt  themselves  to  the  materials  of 
their  environment,  and  to  assimilate  them,  so  that  for  a  time  they 
represent  integral  parts  of  the  living  being,  later  again  to  be  given  off. 
The  complete  chain  of  these  phenomena  is  designated  "metabolism," 
which  consists  accordingly  in  ingestion,  assimilation,  reduction  and 
excretion. 

It  has  already  been  suggested  that  metabolism  differs  in  character 
in  animals  and  in  plants.  As  a  matter  of  fact,  this  is,  as  has  been  shown, 
actually  the  case  in  animals  and  plants  typically  and  characteristically 
developed.  There  is,  however,  a  large  group  of  organisms  that  in  their 
complete  organization  exhibit  such  atypical  development  that  they 
must  be  considered  as  undifferentiated  fundamental  forms  of  organisms. 
They  cannot  be  recognized  as  either  plants  or  animals,  but  represent 
the  simplest  form  of  animate  matter.  These  organisms,  as  the  earliest 
and  most  primitive  forms,  have  been  designated  protists.  It  must  be 
assumed  absolutely  that  these  also  have  a  simple  metabolism  as  a  condi- 
tion of  life,  hut  with  respect  to  this  adequate  observations  are  wanting. 
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PHYSICAL  PROPERTIES  OF  THE  BLOOD. 

The  color  of  the  blood  varies  from  bright  scarlet-red  in  the  arteries 
to  the  deepest  dark  bluish-red  in  the  veins.  Oxygen,  therefore  also 
the  air,  makes  it  bright  red,  while  deficiency  in  oxygen  renders  it  dark. 
The  oxygen-free  venous  blood  is  dichroic,  that  is,  it  appears  dark  red 
in  reflected  light  and  green  in  transmitted  light.  In  thin  layers  the  blood 
is  opaque,  as  one  can  readily  convince  himself,  if  blood  be  poured 
upon  a  glass  plate  and  be  permitted  to  flow  off,  by  attempting  to  read 
printed  matter  through  it.  The  blood  thus  behaves  as  a  covering 
pigment,  as  its  coloring  matter  is  suspended  in  the  plasma  in  the  form 
of  small  granules,  namely,  the  red  blood-corpuscles. 

For  this  reason  the  granular  coloring  matter  of  the  blood  can  be  separated 
from  the  blood-plasraa  by  filtration.  This,  however,  is  possible  only  after  admix- 
ture of  the  blood  with  fluids  that  render  the  blood -corpuscles  rough  or  viscid.  If 
mammalian  blood  is  mixed  with  one-seventh  of  its  volume  of  concentrated  sodium 
sulphate,  or  if  frog's  blood  is  mixed  with  two  per  cent,  solution  of  cane  sugar,  and 
then  filtered,  the  blood-corpuscles  will  remain  upon  the  filter. 

The  reaction  of  blood  is  alkaline  from  the  presence  of  disodium 
phosphate  (NajHPOi).  The  alkalinity  rapidly  diminishes  in  intensity 
after  escape  from  the  vessel,  and  the  more  rapidly  the  greater  the  pre- 
vious alkalinity.  The  change  depends  upon  the  development  of  an 
acid,  in  which  the  red  blood -corpuscles  take  part  in  consequence  of  a 
decomposition  of  as  yet  undetermined  origin.  This  generation  of  acid 
is  increased  by  high  temperature  and  the  addition  of  alkali. 

The  alkalinity  of  the  blood  is  diminished  (A)  by  active  muscular  exercise,  in 
consequence  of  the  development  of  acid  in  the  muscular  tissue,  (B)  By  coagulation. 
Fresh  clot  ha.s  a  more  intensely  alkaline  reaction  than  blood-serum,  (C)  After  the 
persistent  use  of  soda  the  alkalinity  of  the  blood  is  increased,  and  after  the  use  of 
acid  it  is  diminished.  (D)  Old  blood  or  blood  dissolved  with  water  from  dry 
places  generally  has  an  acid  reaction.  The  biood  of  children  and  women  exhibits 
a  lesser  degree  of  alkalinity  than  that  of  men,  and  that  of  nursing  women  a  lesser 
degree  of  alkalinity  than  that  of  pregnant  women.  The  alkalinity  is  less  also  dur- 
ing digestion  than  during  fasting. 

Method  of  ExaminalioH. — As  in  consequence  of  the  normal  color  of  the  blood 
red  litmus-paper  cannot  be  employed  directly  in  testing  the  reaction,  the  following 
plan  is  ptirsued:  Blood  is  mixed  with  an  equal  volume  of  concentrated  solution  of 
sodium  sulphate,  and  the  mixture  is  placed  upon  highly  porous  and  sensitive  lilac- 
tinted  litmus  blotting-paper.  The  blood -corpuscles  remain  upon  the  surface  while 
fluid  is  taken  up  by  the  paper  and  gives  rise  to  the  reaction. 

For  the  quantttalive  estimation  oj  the  alkaliitity  dilute  tartaric  acid  is  added 
to  a  volume  of  blood  (7.5  grams  of  crystaUine  tartaric  acid  to  i  liter  of  water,  1 
cu,  cm.  of  which  saturates  3,1  mg.  of  soda)  until  the  blue  paper  is  reddened. 
One  hundred  cu.  cm.  of  human  blood  contains  the  alkaline  equivalent  of  from  a6o 
to  300  mg.  of  soda  (in  guinea-pigs  150  mg,,  in  camivora  180  mg.  of  soda). 

Lamps'  method  jor  the  quantitative  dcUrtnitiation  oj  the  alkalinity  of  the  blood 

•rith  only  a  few  drops  of  blood:     Tartaric  acid  in  the  concentration  already  stated 

employed  to  neutralize  the  alkalinity  of  the  blood.     Of  this  the  following  mix- 

^  are  made  by  addition  of  concentrated  solution  of  neutral  sodium  sulphate: 
D  parts  of   tartaric-acid    solution   and    100    parts   of  concentrated   sodium- 
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•ulphitte  solution:  (it  ao  parts  o(  tartanc-acid  solution  *nd  v>  part»  of  sodium- 
$alphftt«  (olution;  (jt)  je  parts  of  tartaric-acid  solution  and  So  partu  of  sodium- 
•ulphfttc  Bolution;  (4)  40  p&m  of  tanaric-acid  solution  and  70  pans  o(  sodium- 
sulphate  solution,  (s)  50  pans  of  tartaric-acid  solution  and  00  parts  of  sodium- 
sulphate  solution;  (6)  60  pans  of  tartanc-acid  solution  and  50  of  lodium -sulphate 
solution;  (7)  70  parts  of  lartaric-acid  solution  utid  40  parts  of  lodium-sulphatc 
solution:  (8)  80  parts  of  tanaric-acid  solution  and  jo  parts  of  x>dium-$ulphatr 
.solution.  (9)  90  parts  of  tanaric-acid  solutittn  and  to  pans  of  sodium-sulphate 
[solution;  (10)  100  parts  of  tartiiric-acid  solution  and  10  parts  of  s^Klium-sulphatc 
solution.  To  each  glass  an  txcas  o[  crj'stallizcd  sodium  sulphate  is  added  to  the 
point  ot  insolubility. 

Of  tho  blood  to  b*  examined  i  drop  is  mixed  in  a  eraduated  tube  prepared 
for  the  puq>ose  with  an  equal-sized  drufi  of  tbi-  acid -sulphate-  mixture.-.  Imo  a 
l^lftss  tube  with  a  dtanxler  of  t  mm  and  drawn  out  at  one  extremity  mirrcury 
16  sucl:ed  to  a  height  of  about  S  mm.  so  that  Ihc  tube  is  tilled  to  the  tip.  The  upper 
rxtrtmiiy  of  the  thread  of  menrtiry  ts  marked  by  tl»e  scratch  of  a  lifc.  The  mer- 
cury is  ni«r  drawn  into  the  tube  until  its  lower  border  reaches  ihe  I'lle-mark.  The 
upper  border  of  the  mercurj'  is  now  marked  with  another  file-scratch.  In  thi> 
way  the  small  measuring  apparatus  is  improvised. 

In  order  now  to  Icat  tlie  blood,  one  drop  of  the  tarlaric-acid  sodium-sulphate 
mixture  i«  sucked  up  to  the  lower  m«rk,  and  then,  after  scrupulously  drying  the 
tip,  the  lilood  IS  drawn  up  until  the  fiuid  reaches  (he  iipju-r  mark.  After  again 
cleansing  tho  tip  of  the  tubn  its  conirnis  arc  blown  into  a  watch-glass,  are  «'ell 
stirred  and  then  tested  with  reagent-paper.  SuciesMvely  the  mixtures  ».  j,  4. 
cic.  are  treated  in  ttie  same  wa^*.  Ihe  r«a|{ent-pu)M-r  tii  cut  into  strips  3  mm 
wide,  and  these  arc  partially  dipped  in  the  blood-specimens  in  the  resjicctive 
watch ■glti.'^si's  The  blnod-corpudcles  collect  about  l»e  immersed  cxiiemity  of 
paper,  wlitlc  ifac  fluid  is  socked  up  beyond  and  indicates  the  reaction.  It  the 
test  has  been  made  successively  in  this  manner  itith  the  mixtures  from  i  to  to 
it  will  be  readily  seen  u-licn  the  blue  tint  of  the  slkaUnc-  reacttun  erases  and  the 
red  tint  of  the  acid  reaction  begins. 

In  human  beings  the  blood  can  always  be  obtained  directly  from  a  small 
needle -puncture.  fTxuct  suclion  into  the  tube  can  be  effected  with  certainty  and 
convenience  if  the  unpcr  exireiniiy  of  the  measuring  glass  is  connected  by  means 
of  a  short  rubber  tuoe  nith  a  hypixk-rmic  syringe,  the  movement  of  whose  piston 
ihroueh  a  in  isiine  inntion  facilitates  an  exact  degrre  of  suction.  All  of  ibc  ttsts 
must  be  completed  with  ctjuul  rapidity  and  at  the  same  temperature. 

The  dvtree  of  alkalimty  id  the  adult  will  in  general  be  satisbcd  by  mixture 
5  Of  6.  and  m  the  child  by  mixture  4  If  all  parts  uf  the  blood  are  uniformly  dis- 
solved ptyivioiisly  by  addition  of  water  this  solution,  which  obviously  can  no 
linger  be  dnignalea  Mood,  exhibits  a  foniewhat  higher  deffree  of  alkaKnity 
If  btood  It  tested  slowly  by  the  method  descrilxMl  the  alkalinity  will  be  that  of 
such  a  solution. 

Pathological."  Persistent  vomiting  and  chlorosis  are  attended  with  iiKreascd 
alkalinity,  while  diat>ctes.  as  ivrll  a.t  cachectic  state*,  rheumatism,  uremia,  leuke- 
mia, profound  uneniiii,  high  fever,  cholera,  carbon -monoxid  poisoning,  and  dcgen- 
«-rattoii  of  the  liver  ore  attended  wiih  diminished  alkalinity.  l*ois<ins  that  cause 
Jtrtruction  of  red  blood -^Oipueclcs  like"  iso  bring  about  reduction  m  the  alkalinity 

Blood  has  a  peculiar  .vi..r. 

Tliis  "balitus  sanguinis"  diflera  in  human  hemgs  and  in  animals,  and  depends 
upon  tha  presence  of  volatile  fatly  acids.  If  Eulphurie  acid  be  added  to  blood. 
and  these  acids  an>  in  conseriuence  set  free  from  tneir  combination  with  tbc  alkali 
of  the  blood,  the  charactcnstic  odor  appears  more  distinctly. 

The  blood  possesses  a  salty  taste,  derived  from  the  salts  dissolved  in 
the  blood -plasma. 

The  spL-afu:  graftty  of  the  blood  is  1058  (from  1046  to  1067)  in  men. 
and  from  icsr  to  1055  in  women,  while  the  blocwS  of  children  lias  a  lower 
specific  gravity.  The  sp*ciJic  graWly  of  the  red  blood-corpttscles  is 
jioj,  that  of  the  plasma  from  toa;  to  1028,3.  This  fact  en^Utns  the 
tendency  of  the  former  to  sink  lo  the  bottom. 


JificaUoB  of  that  d*-  ■  "»)  can  be  ni55^Se^<^^*^V. »  *»«  ^«b*- 
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narrow  at  the  bottom  and  covered  with  a  rubber  cap,  a  fresh  drop  of  blood  ob- 
tained hy  puncture  with  a  needle  is  permitted  to  enter  from  below.  The  tube  is 
at  once  immersed  in  a  glass  vessel  filled  with  a  solution  of  olive-oil  in  chloroform, 
and  by  pressure  upon  the  rubber  cap  the  drop  of  blood  is  expelled  into  the  fluid. 
Various  concentrations  of  the  latter  with  a  specific  gravity  between  1050  and  1070 
are  prepared,  and  that  solution  in  which  the  drop  remains  suspended  indicates 
the  specific  gravity  of  the  blood. 

The  specific  gravity  is  dependent  principally  upon  the  hemoglobin -con  tent 
of  the  blood,  much  less  upon  the  number  of  erythrocytes.  It  is  high  in  the  newborn, 
namely,  1066.  The  drinking  of  water  and  hunger  will  reduce  tne  specific  gravity 
temporarily,  and  it  falls  also  after  loss  of  blood  and  is  lower  in  the  presence  of 
anemia,  chlorosis,  marasmus,  and  nephritis  (down  to  1015).  It  is  increased  by 
thirst,  the  digestion  of  solid  food,  by  sweating,  acute  loss  of  water  through  the 
intestines  and  the  kidneys,  as  well  as  cyanotic  stasis  (down  to  1068).  The  entrance 
of  an  increased  amount  of  salts  into  the  blood  is  shortly  followed  by  dilution, 
while  the  salts  of  the  biliary  acids,  on  the  other  hand,  exert  a  concentrating  influence. 
The  specific  gravity  is  increased  by  vasomotor  contraction  of  the  vessels  and,  con- 
versely, it  is  diminished  by  vascular  dilatation.  The  blood-serum  of  women  is 
heavier  than  that  of  men.  If  blood  is  made  artificially  to  pass  repeatedly  through 
an  organ  its  specific  gravity  increases  in  consequence  01  the  taking  up  of  dis- 
solved substances  and  the  giving  off  of  water. 

For  the  determination  of  the  specific  gravity  of  the  red  blood -corpuscles,  these 
must  be  isolated  by  sedimentation.  This  takes  place  rajiidly  in  the  case  of  horses' 
blood.  The  erythrocytes  are  said  to  be  somewhat  heavier  in  women  and  to  con- 
tain more  hemoglobin  than  those  of  men. 

The  freezing-point  of  the  blood  is  about  — 0.56°  C.  It  increases  as 
the  oxygen-content  diminishes. 

MICROSCOPIC  EXAMUTATION  OF  THE  BLOOD. 

The  red  blood-corpuscles  or  erythrocytes  (Fig.  i)  were  discovered  in 
man  by  Leeuwenhoeck  in  1673  and  in  the  frog  by  Swammerdam  in  1658. 

Physical  Properties. — Human  erythrocytes  are  coin-shaped  discs 
with  biconcave  surfaces  and  rounded  margins.  The  diameter  is  7,5  p, 
the  thickness  of  the  edge  2.5  /j,  and  the  central  thickness  from  1.8  to  2  ;* 
(Fig.  i). 

In  health  the  diameter  varies  from  6  to  o  /' ;  the  average  being  from  7.3  to 
7.8  /I.  The  corpuscles  are  diminished  in  size  by  inanition,  elevation  of  the  bodily 
temperature,  carbon  dioxid  and  morphin,  and  increased  in  size  by  oxygen,  a 
watery  state  of  the  blood,  cold,  inRCstion  of  alcohol,  quinin,  hydrocyanic  acid. 
[Pathological  conditions  are  discussed  on  p.  50.] 

The  volume  of  an  erythrocyte  equals  0.000000077217  cu.  mm.,  the  superficies 
o.oooiiS  sq.  mm.  If  the  total  volume  of  the  blood  in  man  be  assumed  to  be 
4400  cu.cm.,  all  of  the  contained  blood -corpuscles  have  a  superficies  of  2816  square 
meters,  that  is,  the  equivalent  of  a  square  with  sides  of  80  paces.  In  a  second 
176  cu.cm.  of  blood  are  driven  into  the  lungs  and  whose  blood -corpuscles  exhibit 
a  superficies  of  81  square  meters,  that  is.  a  square  with  sides  13  paces.  The 
volume  of  all  of  the  erythrocytes  can  be  approximately  determined  by  introduc- 
ing the  blood  into  a  narrow  graduated  glass  tube  ("hemokrit"  of  Hedin),  either 
unmixed  or  defibrinated  or  mixed  with  an  equal  amount  of  a  preservative  fiuid 
capable  of  preventing  coagulation,  as,  for  instance,  2.5  percent,  potassium-bichrom- 
ate solution  or  0.86  percent,  sodium-chlorid  solution  with  some  ammonium  oxalate, 
and  subjecting  it  to  centrifugation.  Treated  in  this  manner  healthy  human 
blood  is  foundf  to  contain  from  43  to  48  per  cent,  of  corpuscles  (anemic  blood 
30  per  cent,  and  less).  The  erythrocytes,  however,  undergo  changes  in  vol- 
time,  at  least  after  escape  of  the  blood,  by  the  taking  up  or  giving  off  of  fluid 
material,  as  exhibited  beyond  doubt  by  shrunken  and  distended  forms.  Venous 
blood  contains  a  greater  volume  of  erythrocytes  than  arterial  blood. 

The  weight  of  an  erythrocyte  can  be  determined  by  multiplying  its 
volume  by  its  specific  gravity  (1105)  =  0.000000085325  mg. 
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Alexander  Schmidt  dctcrmiscd  tbc  weight  of  the  red  blood-corpuscles  in  loo 
parts  o£  blood  in  the  (olloiving  manner:  lie  asccnaincd  (i)  the  percontaKc  of  dry' 
residue  of  the  blood  —  T;    (i)  the  perecntaKe  of  dry  residue  of  the  correspoiidinf  J 
blood-serum  —  i;   (i)  the  dry  resdaue  of  ihv  (^-ihrxicytes  coniiunt'd  in  roo  grami^ 
of  blood  *  r:  the  aiy  residue  of  the  senim  obtained  from  loo  grams  of  blood  is 

tbeo  T  —  r,  the  corrcspondins  amount  of  scrum  '^^-^-j—^^^;  further,  the  weight 


of  the  erythrocyiM  in  loo  parts  of  blood  "  loo  — 


leax  (T  — tl. 


th«  btter  equall 


46  grams  in  100  grams  of  blood  from  a  maa  and  jj  jcranu  in  the  tame  amount 
of  blood  from  a  woman. 

Number. — In  men  the  number  q(  red  blood-corpuscles  is  more  than 
5.000,000,  while  in  women  it  is  about  4,000.000  in  1  cubic  millimeter, 
making  25  billions  in  5  kilos  of  blood.     The  number  is  in  inverse  pro-i 
portion  to  the  amount  uf  tlic  plasma,  and  from  this  fact  it  will  be  seeoij 
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Fm.  I-— a,  biuun  ralond  UaMl^tnanctca;  t.  Da  At  Oti;  ».  co  ndft^  j.  mdcauol  tciorr^  cocpwcU*.  D. 
amtiabUa  <iot»r^  VUtod'Carputaa:  Loaihaflil:  >.  on  eltt.  C,  UmI  mBixnc  M^riaaoTa  hwnin 
aland  Usod-corpOMl*  nucalfted  t«oo  tlnM  Uaau:  *i,  dlantcicf  ^  c4,  tUikoas- 

that  the  number  must  vary  in  accordance  with  the  state  of  contrac- 
tion of  the  vessels,  conditions  of  pressure  and  diffusion  ■  currents 
and  the  like. 

The  number  of  red  blood -co  rp  use  ka  is  increased  in  venous  blood  (at  times 
ia  inudl  cutaneous  veins  and  in  the  presence  of  ttosis).  after  the  ingestion  of  ai^d 
food,  after  re«  at  mghl,  after  marked  loss  of  water  through  tiio  akin,  iho  inl«atin« 
or  the  kidneys,  daring  inanition  (in  coose<|uenc«  of  the  consumption  of  btood- 
plasma).  in  tne  blood  of  the  newborn,  at  timcn  after  late  li^tion  of  the  umlnlical 
cord  (from  the  fourth  day  the  number  a|pin  beconicx  reduced) .  in  persons  of 
vigorous  constitution  and  in  residenls  ol^  the  country.  The  numl(er  is  dimin- 
ished duriTijt  iiregnancy  and  after  copious  hbatioBS.  The  capilian«s  contain 
relatively  fciv  blood-corpuxclcs.  Apparent  increase  or  diminiition  must  also  ac- 
company variations  in  ilic  aniouni  of  plasma,  and  to  this  fact  special  aiieniton 
should  be  |{iven  in  invcatigatinK  tlie  eSecl  of  certain  tiiiluciicca  npcn  U)c  nunibt-r 
of  erythrocytes.  Thus,  for  inst.incc.  the  increased  number  obriervtd  in  thtrac  re- 
siding at  a  high  altitude  may  depend,  wholiv  or  m  part,  upon  a  greater  or  lesser 
reduction  in  Uie  plasma  In  the  earlier  stagen  of  fetal  life  the  number  is  from  ) 
to  1  million  in  1  cu  nmi. 

Uethod  of  CouDtintf  Blood-corputcles-  — .^n  exact  mixing  apparatus  for  tb<r 
dilution  of  the  blood  is  the  lirst  leciuin-mcnt.  For  this  purpose  the  niixer  af 
Potain  will  answer  <Pi£.  j).    This  is  a  carefully  calibrated,  plpct-likc  glass  instru- 
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ment.  whose  tip  is  dipped  into  the  blood,  which  by  suction  through  a  rubber  tube 
is  drawn  into  the  pipc-t  either  to  the  mark  J  or  to  the  mark  i.  The  tip  carefully 
dried  is  then  immersed  in  3  per  cent,  sodium-chlorid  solution,  which  is  sucked  up 
until  it  reaches  the  mark  101.  By  shaking  the  mixer  a  spherule  (a)  in  the  bulbous 
enlargement  of  the  apparatus  is  moved  about  so  as  to  effect  a  homogeneous  mix- 
ture. If  the  blood  be  sucked  up  to  the  mark  J  the  mixture  will  be  as  i  to  300, 
and  if  up  to  the  mark  i  as  i  to  100. 

For  the  enumeration  of  the  ceils  a  small  amount  of  the  blood-mixture  is  intro- 
duced into  the  Abbe-Zeiss  counting-chamber  {Fig.  a),  the  first  few  drops  being 
thrown  away.  Upon  a  shde  is  cemented  a  glass  cell,  o.i  mm.  deep,  upon  whose 
floor  are  etched  a  series  of  squares  and  which  is  surrounded  by  a  groove  or  depres- 
sion and  is  provided  with  a  cover-glass  to  be  placed  over  it.  The  space  overlying 
each  square  has  a  capacity  of  j^a„  cu.  mm.  The  number  of  cells  in  each  square 
is  estimated  and  this  multiplied  by  4000  gives  the  number  of  corpuscles  in  each 


Fic.  I. — -Apparaius  of  .\ljlw  und  Zi-iss  tor  Couniina  Ihe  Cor- 
puscles; A,  in  section;  C,  surface  liem-  wilhoul  cover- 
Rlass:  D.  microscopic  appearance  niih  Ihe  blooil-cor- 
pusdn. 


Tic.  j.— The  McUngtar. 
pi  pel  or  murr. 


CU.  mm.  The  result  thus  obtained  must  be  multiplied  by  100  or  soo,  according 
as  the  blood  has  been  diluted  100  or  300  times.  To  ensure  greater  accuracy  the 
contents  of  a  large  number  of  squares  should  be  counted  and  the  average  taken. 
Vierordt,  Malassez,  Gowers,  and  others  have  devised  similar  forms  of  apparatus 
for  the  same  purpose. 

To  count  the  white  blood -corpuscles  alone  in  the  chamber  the  blood  is  mixed 
with  10  parts  of  a  J  per  cent,  solution  of  acetic  acid,  which  dissolves  out  the  red 
corpuscles.  It  is  advisable  to  stain  the  leukocytes  in  the  blood-mixer,  and  this 
can  be  done  with  some  such  solution  as  the  following:  50  cu.  cm,  of  a  j  per  cent, 
of  solution  of  sodium  chlorid  with  5  drops  of  a  5  per  cent,  alcoholic  solution  of 
gentian-violet  or  hexamethyl-violet. 
3 
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The  red  blood-corpuscles  are  characterized  by  their  great  elaiticily, 
fiexibility,  and  softness. 

THE  RED  BLOOD-CORPUSCLES  (ERYTHROCYTES). 

Individually  the  red  corpuscles  are  of  a  yellowish  color  with  s  grrenish 
lint.  They  are  unprovided  with  either  capsule  or  nucleus,  but  consist 
throughout  of  a  homogeneous  mass.  This  consists  (i)  of  a  framework 
of  exceedingly  pale,  soft  protoplasm,  the  siroma  or  cytoplasm,  and  (a) 
of  the  red  blood  coloring-matter,  the  hemoglohin,  which  impregnates 
the  stroma  (like  paraplasm],  in  the  same  way  a  a  sponge  takes  up  fluid. 


UfFLUERCES  AFFECTIITG  THE  VITAL  PHENOMENA  OF  RED  BLOOD- 
CORPUSCLES, 

Blood-corpuscles  retain  in  unimpaired  degree  their  vital  and  func- 
tional activities  in  shed  blood  and  even  in  dchbrinated  blond  subse- 
quently returned  to  the  circulation.  Heat  has  an  influence  upon 
their  vitality.  If  blood  be  heated  to  a  temperature  in  the  neighbor- 
hood of  52°  C.  the  vital  activity  of  the  erythrocytes  is  destroyed. 
Tlii.t  fact  is  ex-ident  from  the  circumstance  that  the  corpustcles  in  such 
blood  are  soon  dissolved  when  returned  to  the  circulation.     Kept  in 
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the  cold — in  a  flask  exposed  to  the  influence  of  ice-water — mammalian 
blood  may  retain  its  functional  activity  for  4  or  5  days.  Removed 
from  the  body  for  a  longer  period  of  lime  and  then  relumed  to  the  cir- 
culation the  rf<l  corpuscles  rapidly  undergo  destruction — an  evidence 
that  they  liave  lost  their  vital  artivitie.*:  within  this  time. 

The  erj'throc>tcs  in  blood  recently  removctl  from  a  vessel  frequently 
exhibit  changes  in  form  that  result  in  their  assuming  a  mu1berr>'-like 
appearance.  These  have  been  attributed  to  active  contraction  on  the 
part  of  the  stroma.  Nevertheless,  it  must  as  yet  be  considered  doubtful 
whether  this  is  to  be  looked  upon  as  an  obviou.s  vital  phenomenon. 
It  is  true,  however,  that  Max  Schultze  has  observed  active  contractility 
and  mutilily  in  the  red  blood -corpuscles  of  quite  vouni:  embrj'o 
chickens.     In  support  of  the  vital  activity  of  the  :■  c!cs  thai 

fact  may  be  cited  that  certain  9ubstnnc«Jt'dt&solvcd  ;i.  ...-  .loima  ar«] 
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not  capable  of  diffusing  into  the  red  blood -corpuscles,  as,  for  instance, 
solutions  of  potassium,  of  iron,  and  of  manganese,  although  other  sub- 
stances do  enter,  as,  for  instance,  sugar  and  chloroform. 

Nucleated  erythrocytes  are  undoubtedly  cells,  while  the  non-nucleated  ery- 
throcytes cannot  properly  be  so  considered.  The  latter  have,  therefore,  been 
designated  blood -plasttds. 

HIFLUENCES  AfFECTIKG  THE  PHYSICAL  PHENOMENA  OF  RED    BtOOD- 

CORPUSCLES. 

The  color  of  the  red  corpuscles  is  changed  characteristically  by  a 
number  of  gases.  Thus,  oxygen,  therefore  also  the  air,  renders  the 
blood  scarlet  red,  deficiency  of  oxygen  renders  it  dark  bluish  red,  carbon 
monoxid  renders  it  cherry  red,  nitrogen  monoxid  renders  it  violet  red. 
All  agents  that  cause  marked  contraction  of  the  erythrocytes  induce  a 
bright  scarlet-red  color;  as,  for  instance,  concentrated  solution  of  sodium 
sulphate,  from  the  action  of  which  the  corpuscles  become  mulberrj'- 
shaped  or  distorted  into  the  shape  of  a  key,  and  in  a  measure  attenu- 
ated. The  color  thus  produced  is  brighter  than  is  ever  observed  in  the 
arteries.  Those  agents  that  make  the  corpuscles  globular,  as  particu- 
larly water,  cause  the  color  of  the  blood  to  become  darker. 

If  a  dry  preparation  of  blood  be  treated  with  concentrated  solution  of  methyl- 
ene-blue  diluted  half  with  water  some  of  the  erythrocytes,  particularly  degenerated 
ones,  become  stained.  It  is  the  larger  ones  that  are  especially  numerous  in  the 
presence  of  anemia  and  leukemia. 

Change  in  Position  and  Form. — A  phenomenon  frequently  observed 
in  recently  shed  blood  is  the  arrangement  of  the  corpuscles  like  rolls  of 
coin  (Fig.  i,  A,  3). 

The  conditions  that  increase  the  coagulability  of  the  blood  favor  this  phenome- 
non, which  is  to  be  attributed,  in  addition  to  the  attraction  of  the  discs,  to  the 
formation  of  a  viscid  substance.  The  condition  is  favored  by  warming  moderately 
the  shde  upon  which  the  fresh  drop  of  blood  is  received.  If  under  such  circum- 
stances agents  are  added  to  the  blood  capable  of  causing  the  corpuscles  to  swell, 
the  rolls  separate  as  the  individual  corpuscles  are  transformed  into  globules.  The 
adhesive  substance  uniting  the  erythrocytes,  and  which  not  rarely  is  drawn  out 
into  filamentous  threads,  is  derived  from  the  peripheral  layer  of  the  corpuscles. 
It  consists  of  the  stroma-tibrin,  formed  on  the  surface  of  the  corpuscles  in  conse- 
quence of  the  inception  of  an  injury  at  the  periphery,  and  which  has  bL-come  viscid. 

The  changes  in  shape  that  the  erythrocytes  may  gradually  undergo 
after  leaving  the  body,  up  to  the  point  of  dissolution,  are  of  especial 
interest.  Some  agents  bring  this  series  of  changes  about  in  rapid  suc- 
cession. If,  for  instance,  blood  is  exposed  to  the  action  of  the  spark  of 
a  Leyden  jar,  all  of  the  corpuscles  become  at  first  mulberry-shaped, 
that  is,  the  surface  becomes  rough  and  soon  covered  with  at  times 
small,  at  other  times  large,  round  nodules  (Fig.  4,  cde).  If  the  action 
be  more  pronounced  the  blood-corpuscles  become  almost  globular,  with 
many  projecting  points,  thorn-apple-like  (gh);  this  is  probably  an 
indication  of  the  death  of  the  corpuscle.  At  a  further  stage  the  action 
causes  the  corpuscles  to  assume  a  perfectly  globular  shape  (i  i).  In 
this  form  they  appear  smaller  than  normal,  as  their  disc-shaped  mass  is 
contracted  into  a  sphere  with  a  lesser  diameter.  The  globules  thus 
formed  are  viscid,  and  adjacent  corpuscles  readily  adhere  to  one  another 
and  like  fat-globules  they  may  unite  to  form  larger  spheres.     If  the 
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centration  is  determined  for  other  salts,  the  isotonic  solution!;  wilt 
be  established.  Obviously  the  blood-plasma  likewise  is  such  an  isotonic 
solution,  as  the  en'tttTX>c>tes  retain  their  form  perfectly  within  it. 
Those  solutions  are  hyprrisotoJiif .  that  is.  o(  greater  cancentration. 
that  abstract  water  from  the  en-throc>'tes  and  therefore  cause  them  to 
shrink;  while  those  solutions  are  designated  hyptsotonic,  that  is.  of 
feebler  concentration,  thai  yield  up  water  to  tite  erj'throcyles  and  there- 
fore cause  them  to  swell. 

Although  the  er>'throcytes  preserve  their  form  in  isotonic  solutions, 
nevertheless  an  interchange  may  take  place  between  the  soluble  sub- 
stances in  their  interior  and  those  of  the  surrounding  Huid.  Thus, 
chlorids.  phosphates,  and  proteids.  for  instance,  pass  from  one  to  the 
other.  Under  such  circumstances,  however,  the  isotonia  is  preserved. 
U,  therefore,  substances  paiss  fnim  the  er>'throc>'tc«  into  the  surrounding 
blood-plasma,  other  substances  must,  conversely,  pass  into  them  in 
order  to  preser^'c  the  isotonia.  The  red  corpuscles  thus  possess  the 
property  of  maintaining  a  constant  degree  of  osmotic  tension  with  refer- 
ence to  certain  Gut>stances.  If,  for  instance,  small  amounts  of  an  acid, , 
and  also  carbon  dioxid,  be  added  to  blood,  albumin  and  phosphates 
pass  from  the  corpuscles  into  the  plasma,  while,  conversely,  chlorids 
pass  from  the  latter  into  tlic  erythrocytes  to  maintain  the  isotonia.  In 
consequence,  the  corpuscles  become  somewhat  globular  and  tlieir  diam- 
eter diminishes  in  size.  The  l»Iood -corpuscles  e.xhibit  the  reverse  inter- 
change and  effect  in  shape  after  addition  of  small  amounts  of  alkali. 

Van  't  Hoff  discovered  in  1887  the  law  that  the  interchange  of  sub- 
stances in  solution  takes  place  according  to  the  same  laws  as  those 
applicable  to  gases,  namely,  the  osmotic  pressure  corresponds  entirely 
to  the  tension  of  a  gas.  The  laws  of  gases  laid  down  by  Boyle- 
Mariotte  are.  therefore,  applicable  also  to  substances  in  solution.  Ac- 
cordingly, and  by  reason  of  the  diversity  of  the  soluble  substances  con- 
tainetl  within  tlie  cells  and  in  the  surrounding  fluids  currents  must  arise 
between  the  two  in  con.wquence  of  the  osmotic  pressure.  If,  therefore, 
erythrocytes,  which  behave  like  sacs  filled  with  saline  solutions,  are 
placed  in  another  saline  solution,  phenomena  appear  entirely  .inalogous 
to  those  that  occur  when  a  sac  fiHed  with  gas  is  introduced  into  another 
gas.' 

The  er^'throcytes  floating  in  a  solution  retain  their  volume  only  if  the 
fluid  is  isotonic;  that  i-s.  if  it  exerts  the  same  osmotic  pressure  and  if 
the  substances  dissolved  in  the  surrounding  solution  cannot  enter  the 
corpuscles.  If  the  osmotic  pressure  in  the  surrounding  fluid  is  dimin- 
ished the  corpuscle  .swells  until  it  becomes  completely  dissolved  in 
water,  whose  osmotic  pressure  i.**  itero.  The  blood  then  becomes  lake- 
colored.  Exactly  the  same  cfl'ect  as  is  produced  by  distilled  water 
must  be  produced  also  by  the  solutinn  of  .-i  ruhi^t-wcc.  quite  independ- 
ently of  the  degree  of  its  osmotic  (  re  m  solution 
readily  penetrates  the  blooH-fori.v  can  exert  no 
pressure  upon  its  wall.  Umii"  ■  the  corpuscle 
will  undergo  di?soltition  .ithI  r*                      ..ui..  ...^.^ i^-d. 

The  phenomenon  of  tin 
recognizable,  in' 
in  a  solution  01 
pressure  is  not  m»n 
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from  tbe  marpn  of  R  co^'er-clBss  pcnnitK  th«  procru  of  dissolution]  lo  be  Teadily 
observed  microscopically.  At  first  the  corpuscles  abnipily  become  slobular  in 
jerks  and  thus  apparenily  wnaller:   later  iJiey  swtll  uji  like  soap-1  nibble*. 

The  iiitluenct:  of  the  suKOUf  content  of  the  red  bloud-corpuscles  upon  their 
G^tibility  is  rrinurkfiblc.  The  corpuscles  in  blood  containing  tnueh  orbon  dioxid 
Art  dissolved  nif-st  readily:  iV^sf  in  blow!  co«it«ining  much  oxygen  are  miieh  le« 
readily  dissolved;  while'  between  the  two  arc  the  corptisclcs  combining  much 
dirbon  monoxid.  Total  removal  of  the  gases  of  the  blood  causes  of  itself  the  devel- 
opment of  a  liike-coIoT. 

The  er>-throcytes  possess  a  certain  degree  of  resistance  to  the  action 
of  solvents. 

'The  followiog  method  may  be  employed  to  determine  this  degree  readily.  A 
drop  of  blo«d  is  mixed  with  an  equal  amount  of  «  j  f>er  cent  solution  of  lodium 
chlorid,  and  then  a«  much  distilled  wuttr  is  added  as  is  required  to  dissolve  all  of 
the  red  blood -cc>r|>un'Ies.  1'he  mctliod  in  mrrietl  out  an  follnws  with  human 
blood:  Wilh  the  aid  of  ihc  blood-mixer  of  the  blfxMl-rorpyscle  coitnting-a[>|>nrHttis 
(Fig.  3)  hlocd  is  ciillecied  from  a  ptiticliire  of  the  skin  up  to  the  mark  i.  and  is 
cxiielled  f»r  microwcrtiiic  exammatton  into  a  concave  Klass  cell,  in  which  previoualv 
an  eiituil  animmi  of  a  .t  per  cent,  w>lution  of  widitim  chlorid  had  lieeti  placed. 
Well  admixed.  aII  of  the  erythrocytes  will  be  preserved.  Now,  by  menns  of  the 
same  apparatus.  Jiaiillcd  water  is  added,  and  the  chaiiEVS  ob*«r\cd  under  the 
micro*cot)c  until  all  of  the  red  corpustk-*  an-  disMilv^d,  The  glass  cell  is  covered 
after  each  -iddition  in  order  to  prevent  evafi'Tntifn.  The  ervthrocjtes  of  some 
Persians  art-  nuire  readily  diK«olvi-<!  thim  i«  nnrmal.  I>emg  soft  and  plastic  and  uiKler- 
going  striking  changes'.  In  addition,  reference  may  be  made  to  the  follou-jng 
states:  All  blood- mixtures  that  jeopardiae  the  norma)  condition  of  the  erjthro 
cv-tes.  such  as  ch<>lemia.  intttxicutions  with  soibntances  that  caune  dissolution  of 
toe  blood- corpuscles  and  high  grndcs  of  vrRosity.  Interesiins  observations  may 
be  made  furtlter  in  the  presence  of  blood-ttiaihesca  and  infectious  processes,  bcint>- 
glolnnuna.  an<l  biimn.  The  resifitAnce  appears  diminished  in  case  of  anemia  and 
of  fever. 
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FORM,  SIZE,  AND  NUMBER  OF  ERYTHROCYTES  IN 
DIFFEREMT  ANIMALS. 

All  maiDinals.  with  the  exception  of  the  camel,  the  llama,  the  alpaca, 
and  related  animals,  us  well  :ts  the  cyctostomata  among  iish,  for  instance 
the  lamprey,  have  coin-shap«<l  circular  erythrocytes.  The  mamiaalia 
excepted  have  oval  crj-throcytes  without  nuclei,  while  birds,  reptiles, 
ampliihia  {i.  B)  and  Ush.  with  the  exception  of  the  cyclostomata.  have 
similarly  shaped  er>'throcytes  with  nuclei. 


Ciiinabipcii 
inovl-iarpHiika, 

Elephant. 


Man. 

Dm. 

Rabbit, 

Cat. 

Sheep, 

Goat. 

Musk-deer,  ».s 
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5(«r — B  ^  O.OOI  UilKnH'in 
Owl   ll!(>>l  <.ir(«i*il«>- 

3kon  Dlamtta,  Luw  Diumin. 

Llama,       43  "  7-5  f 

Pigeon.      6.5  ■'  t4.7   " 

Frog.        16.3  '■  »j.©  '• 

Triton.     19.5  "  ao.j   " 

Proteiia,  35.6  "  %9  3   " 

The  corpuBcles  of  the  omphitima  are  about  a 
third  larger  than  those  of  protKUs, 


Among  vertebrates,  the  blood  of  the  amphio.Kus  is  colorless.  The  Urge  tdood- 
eorpuseleE  <■■(  manv  amphibia  can  he  lieen  with  the  naked  eye.  In  those  of  the 
Irog  a  nueh-olu^  is  demonstrable.  It  is  rvadilv  explicable  that  the  larger  tb* 
Uood-ecrpiiMTk-s  the  smaller  must  be  their  number  and  their  total  supemcifS  in 
a  ^iven  volume  of  bluoii.  Only  in  birds  a  the  number  relatively  larger  than  in 
other  classes  of  vrrteSrates,  notwilhotandinu  the  greater  siic  of  the  corfimfcles. 
This  probably  depends  upon  the  fact  that  in  them  mctabolbm  exhibits  the 
greatest  eiier^.     Among  mammals  camivrra  have  a  larger  number  of  blood- 
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corpuscles  than  herbivora.  In  goats  the  blood  contains  19,000,000  blood-corpus- 
cles in  the  cubic  milliineter;  in  the  llama,  13,186,000;  in  the  bull  finch.  3,600,000; 
in  the  lizard,  1.293.000;  in  the  frog,  408,900;  in  the  proteus,  33,600.  During 
the  sleep  of  winter  Vierordt  observed  the  number  of  blood-corpuscles  in  the  mar- 
mot diminish  from   7.000,000  to  3,000,000  in  a  cu.  mm. 

In  invertebrates  the  blood  is  generally  colorless,  with  colorless  cells.  In  some 
invertebrates,  for  instance  the  earth-worm,  the  larva  of  the  large  gnat,  and  others, 
the  plasma  is  red  and  contains  hemoglobin,  but  the  btood-corpuscles  are  colorless. 
Red,  violet,  brownish,  greenish,  opalescent  blood,  with  colorless  corpuscles  (ame- 
boid cells),  is  found  in  some  mussels.  In  the  cephalopods  and  in  certain  snails 
and  crabs  a  bluish,  globulin-like  coloring-matter  is  present  in  the  blood,  containing 
copper  and  combining  with  oxygen,  hemocyanin,  which  is  decolorized  by  a  defi- 
ciency of  oxygen.  Certain  round-worms  have  a  green  respiratory  pigment,  chloro- 
cniorin,  while  other  animals  have  a  yellow,  red,  or  brown  pigment  of  similar 
function. 

DEVELOPMENT  OF  RED  BLOOD-CORPUSCLES. 

A.  The  embryonal  development  of  the  blood-corpuscles  begins  in  the 
chicken  as  early  as  the  first  day.  The  corpuscles  develop  in  groups 
within  large  globules  of  protoplasm  that  detach  themselves  from  the 
walls  of  the  vascular  spaces  resulting  from  the  apposition  of  the  forma- 
tive cells.  At  first  they  are  globular,  rough,  nucleated,  larger  than 
the  permanent  cells  and  unpigmented.  At  a  later  period  they 
take  up  the  coloring-matter  and  attain  their  definite  form,  with  reten- 
tion of  the  nucleus.  Only  when  the  vessels  enter  into  communication 
with  the  heart,  are  the  corpuscles  swept  away  or  isolated  in  groups, 
and  then  become  set  free  in  the  circulation.  Remak  demonstrated  all 
stages  of  their  multiplication  by  division.  Cells  dividing  by  mitosis 
are  observed  most  abundantly  between  the  third  and  the  fifth  day  of 
incubation,  but  no  longer  after  their  escape. 

Multiplication  takes  place  by  division  also  in  the  larvEe  of  amphibia, 
as  well  as  during  fetal  life  in  mammals  in  the  spleen,  the  bone-marrow 
and  the  liver,  and  in  the  circulating  blood.  Neumann,  further,  found 
in  the  liver  of  the  embrj-o,  protoplasmic  cells  — descendants  of  the  vas- 
cular endothelium  or  of  the  liver-cells — enclosing  red  blood-corpuscles. 
Besides,  there  were  found  in  the  liver  cells  with  large  nuclei,  in  part  con- 
taining hemoglobin,  in  part  free  from  hemoglobin,  which  divided  by 
mitosis  and  then,  with  shrinking  of  the  nucleus,  became  transformed 
into  definitive  blood-corpuscles.  Foa  and  Salvioli  observed  endogenous 
formation  in  the  lymphatic  glands,  in  addition  to  the  liver  and  spleen, 
also  within  large  protoplasmic  cells.  The  spleen  also  is  considered  a 
seat  for  the  formation  of  the  red  blood-corpuscles,  though  only  during 
embryonal  life.  Here  the  red  corpuscles  are  believed  to  be  formed  of 
yellow,  round,  nucleated  cells,  representing  transitional  forms. 

From  the  embrj-onal  bodies  (er\'throbIasts).  always  at  first  nucleated, 
there  result,  in  the  later  stages  of  embryonal  life,  the  characteristically 
shaped  and  at  the  same  time  non-nucleated  corpuscles;  the  nucleus, 
together  with  a  portion  of  the  protoplasm,  disappearing.  In  the  human 
embryo  only  nucleated  corpuscles  are  present  in  the  fourth  week.  In 
the  third  month  they  constitute  only  from  one-eighth  to  one-quarter  of 
all  the  erj'throcj'tes,  while  at  the  end  of  fetal  life  nucleated  corpuscles 
are  found  only  with  great  rarity  (Fig.  8). 

According  to  some  observers,  mammalian  erythrocytes  contain  a  nucleus-like 
central  body,  which  Lavdowsky  considers  as  the  remains  of  nuclear  substance. 
According  to  J.  Arnold,  the  central  body  sometimes  observed  consists  of  a  gran- 
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ular-lilBincntdus  tronitforTiation  of  the  |trGvi<nis  nuclvuH.  This  body,  dvstcnated 
nucleoid,  it  fiurrjun<lc<j  bv  n  xonc  of  pEtraplum,  cnclofin^  hvmnict^bin  and  gran- 
ulu"  and  hytOiitc  maltrr  in  a  (ilam<^ti>u6  framework,  Nuclooid  and  para^a»Tn 
may  under  wrtain  condittons  be  extrudfld  from  th*  tT^'throeyiea.  Pcrbap>  tbcM 
con'inbutt  to  the  formaiion  of   blood-plates. 

B.  Dczvhpnu-ni  oj  Vessels  tinrf  iiloenl-nor puseli-s  in  Uic  Etirlifst  Posh 
embryoiMl  Period. — Following  J.  Arnold.  Golubcw  believes  that  the 
blood-capillaries  present  in  the  tail  of  frog-larvw  (onn  in  various 
situations  at  first  solid  Inids  that  grow  more  and  more  deeply  into  the 
tissues,  enter  into  anastomotic  union  with  adjacent  buds  and  linalljr 
become  hoHow,  with  disnppearance  of  their  protoplasmic  contents. 
The  capillaries  would  thus  like  an  intricate  liranclied  network  make 
their  way  into  the  tissues  and  spread  like  a  foreign  intruder.  Raovier 
observed  the  same  process  of  growth  in  the  omentum  of  newborn  cats. 
The  development  of  the  capillaries  and  at  the  same  time  of  the  blood- 
corpusclas  in  tlieir  interior  has  been  observed  in  an  especially  instruc- 
tive manner  in  the   large  omentum  of  the   young  rabbit.     When  a 

week  old.  the  omentum  in 
these  animals  exhibits  dull- 
white  spots  in  whose  in- 
terior lie  so-called  vessel- 
forming  or  vaso-formativc 
cells  (Fig.  5),  thai  is. 
slronyly  refracting  cellular ; 
elements  varying  widely  id 
shape,  and  provided  with 
protoplasmic  processes  (a). 
The  protoplasm  o£  these, 
cells  resembles  that  of  the 
lymph-cells,  particulariy 
■with  respect  to  its  mark- 
edly refracting  character. 
In  the  interior  of  these 
cellular  structures  can  l>e 
seen  rod-.^haiied  nuclei  ar- 
ranged longitudinally  (K  K)  and  red  blood-corpuscles  (r  r).  both  sur- 
rounded by  protoplasm.  From  the  vessel-forming  colls  protoplasmic 
shoot*  and  processes  arise,  which  in  part  terminate  free  and  in  part 
unite  to  form  a  delicate  network.  In  some  places  nucleated  connec- 
tive-tissue corpuscles  arranged  longitudinally  lie  upon  the  structures. 
These  constitute  the  beginning  of  the  connective-tissue  perivascular 
sheath. 

The  vessel -forming  cells  appear  in  various  shapes,  either  longi- 
tudinally cylindrical,  with  pointed  extremities,  or  round  or  oval,  rather 
resembhng  large  K-mph- cells  or  connective- tissue  cells.  These  cells 
are  always  the  seat  of  origin  of  non-nudcated  cr>*throc>tes.  which  thus 
arise  in  the  protoplasm  of  the  vessel -forming  cells,  as  the  chlorophy)- 
grains  or  starch-granules  arise  in  the  protoplasm  of  vegetable  cells. 
Only  after  the  blood -corpuscles  have  thus  formed  within  their  interior 
do  these  cells  unite  through  their  processes  with  the  vascular  system. 
Their  tubular  arrangement  becomes  connected  with  adjacent  vessels 
and  the  blood-corpuscles  are  washed  away.  In  rabbits  from  four  to 
six  weeks  old  these  areas  contain  fewer  and  fewer  corpuscles.     If  it  be 
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borne  in  mind  that  Schafer  observed  similar  fomiative  processes  in  the 
subcutaneous  connective  tissue  of  young  rats,  the  question  must  arise 
whether  such  blood-forming  stations  do  not  exist  in  many  parts  of  the 
body  and  constitute  seats  for  the  regeneration  of  the  blood. 

For  purposes  of  demonstration  it  is  only  necessary  to  observe  omentum  of 
suitable  age  in  a  fresh  state  in  peritoneal  fluid,  evaporation  being  prevented  by 
applying  paraffin  to  the  edges  of  the  cover-glass.  Landois  saw  preparations  of 
this  hipily  interesting  developmental  process  in  the  laboratory  of  Ranvier  at 
Paris  with  such  a  degree  of  distinctness  as  to  leave  in  his  mind  no  doubt  as  to 
the  accuracy  of  the  obser%'ation.  Neumann  saw  analogous  formations  in  the 
embryonal  liver,  Wissotzky  in  the  amnion  of  the  rabbit,  Nicolaides  in  the  mesen- 
tery of  the  guinea-pig,  Klein  in  the  amniotic  sac  of  the  chicken's  egg.  Bayerl  in 
the  cartilaginous  capsules  of  ossifying  cartilage.  Leboucq  and  Hayem  in  other 
situations,  all  indicative  of  the  fact  that  the  blood-cella  develop  endogenously 
in  certain  cellular  structures  of  considerable  size  whose  protoplasm  serves  at  the 
same  time  for  the  formation  of  the  vessel-wall. 

C.  At  a  later  period  of  life  the  red  blood-corpuscles  develop  from 
special  nucleated  cells,  the  erythroblasts.  It  is  believed  that  the  latter 
gradually  assume  the  form  and  color  of  perfect  erj'throcytes.  Accord- 
ing to  Neumann  they  possess  blood  coloring-matter  from  the  outset. 
In  caudate  amphibia  and  fish  the  spleen,  and  in  all  other  vertebrates, 
the  bone-marrow  constitutes  the  seat  for  the  formation  of  those  juve- 
nile forms  that  multiply  by  division.  Particularly  in  the  latter  all  stages 
of  the  transformation  may  be  seen,  especially  pale,  contractile  cells 
resembling  white  blood -corpuscles,  and  later  on  red  nucleated  corpuscles 
that  must  be  considered  as  the  progenitors  of  the  red  corpuscles  and 
that  are  capable  of  undergoing  multiplication  by  mitosis. 

After  copious  loss  of  blood  the  process  of  transformation  and  the 
entrance  into  the  blood-stream  is  said  to  be  observed  in  especially 
marked  degree.  J.  Arnold  found  in  the  protoplasm  of  the  nucleated 
erythroc>'tes  of  bone-marrow  granules  resembling  those  of  hemo- 
globin-free cells.  In  the  process  of  transformation  into  red  blood- 
corpuscles  these  granules  become  invisible  through  transformation. 
The  products  of  the  mitotic  division  of  the  pale  cells  especially  are  to 
be  considered  as  the  progenitors  of  the  nucleated  erythrocytes.  In  the 
red  bone-marrow,  perhaps  also  in  the  spleen,  the  small  veins  and  most 
of  the  capillaries  have  no  definite  wall.  The  formed  erj^throcytes  accord- 
inglj'  can  at  any  time  be  swept  into  the  circulation  from  these  parts. 

The  bones  of  the  skull  and  most  of  those  of  the  trunk  contain  red  (blood- 
forming)  marrow,  while  the  extrtmities  contain  only  fatty  marrow,  or  only  the 
upper  portions  of  the  femur  and  the  humerus  contain  red  marrow.  When  active 
regenerative  processes  are  taking  place  in  the  blood  the  fatty  marrow  may  be 
transformed  into  red  marrow,  and  indeed  from  the  upper  portion  of  the  bones 
named  downward,  even  through  all  the  bones  of  the  extremities.  Red,  blood- 
corpuscle-forming  marrow  may  develop  even  in  the  ossified  larj-ngtal  cartilages 
ana  in  pathological  bony  tumors. 

DESTRUCTION  OF  RED  BLOOD-CORPUSCLES. 

As  erythrocytes  are  being  constantly  formed,  it  must  be  assumed 
that  they  are  being  constantly  destroyed.  Further,  the  situations  are 
known  in  which  this  occurs  especially.  Among  these  is  first  the  liver, 
as  the  elements  of  the  bile  are  formed  from  blood  coloring-matter 
and  the  blood  of  the  hepatic  veins  contains  a  smaller  number  of  red 
blood -corpuscles.     The  splenic  pulp  also  contains    cells    indicative   of 
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disintegration  of  erythrocytes.  These  are  the  blooil-corpuscle-con- 
taining  ceUsdescribed  in  connection  with  thespleen.  The  investigations 
of  Quincke  have  remiercd  it  probable  that  the  red  blood-corpuscles 
— whose  span  of  hfe  may  cover  more  than  three  or  four  weeks — if  they 
are  to  be  eliminated  are  taken  up  by  the  white  blood-corpusclcs  of  the 
liver-capillaries  and  by  perhaps  idenliral  cells  of  the  splenic  pulp  and 
of  the  bone-marrow,  and  preferably  deposited  in  the  liver-capillaries, 
the  spleen,  and  the  bone-marrow.  TIic  erythrocytes  taken  up  are. 
without  having  previously  been  dissolved,  converted  in  part  into  yellow 
and  in  part  into  colorless  iron-albumin  ates.  hanalosidcrin.  which  can 
be  demonstrated  microchemically  in  pan  in  granular,  in  part  in  soluble 
form,  gi^'ing  rise  to  3  greenish  discoloration  on  addition  of  ammonium 
sutphid.  In  the  spleen  and  in  the  bone-marrow,  in  part  perhaps  also  in 
the  liver,  these  are  again  employed  for  the  regeneration  of  red  blood-cor 
puscles.  while  another  portion  of  the  iron  iseHminatcd  through  the  liver. 

Laischcnherger  Iiba  fcnijul  pignwiitcd  and  colorlcsa  ptatcs  in  the  blood,  ihc 
tAtter  ut  tintrs  in  flnktrii  nf  Tilmn.  and  ihcflc  he  runntdcrn  hk  the  tenntnal  prod- 
ucU  oi  tlic  disintegration  vl  all  morphiolo^^c.il  blood -trlcmcnts.  The  pigmented 
plates  arc  derived  from  the  crvllirocvics  and  exhibit  in  pan  the  irun-rcaclion  of 
hemat.i-idei-in.  and  in  pail  that  of  biliary-  coloring-oialttr.  Thvac  j>lat<.'8  arc 
retained  and  (orther  tran*form«l  in  the  tple*n  and  in  th<^  bftnif-marrovr, 

Ak  a  sign  of  the  drgencration  oi  the  nvthrocyte*  that  may  pi«c*de  their 
death  Ehrlicli  mentions  their  property  of  Etai'ning  violet  with  posin<h«matOixyl>r 
or  blue  wiib  methylene- blue.  The  rarity  with  w.'nich  cells  containing  blood-coi 
puscles  arc  found  in  the  general  circulation  jiuttifies  the  conclusion  that  ethrpuicles 
are  taken  up  within  the  spleen,  the  liver,  and  the  bone-mBTTOw,  being  favcired  hy 
tht:  slowncu  of  the  circulation  in  these  paru. 

PatfaologlcaL — AmoaK  patholofHcal  conditions  there  may  t>c  quaalitAiivc  dia- 
turbanccs  in  the  processct  of  blood -destruction  and  blood -fvmtat  ion.  Accumula- 
tion of  iron-containing  materials  from  red  blood-corpusclcs  may  take  place  in  the 
spleen,  the  bone-marrow,  and  the  liver-capillaries:  (1)  if  the  destruetion  of  red 
blood -corptMcles  is  increased,  us,  for  instance,  in  cases  of  anenitn;  (9)  if  the  for- 
mation of  new  red  elMnmts  from  old  mati-nal  is  retarded  If  elimination  through 
the  liYer<elIs  is  interfered  with,  the  iron  accumulates  in  them,  and   it  is  then 

C resent  in  the  blood-) ila.snia  also  in  increaaed  amount,  and  it  may  be  eliminated 
y  other  glauids,  aithoush  a  dn<"^t  of  iron  may  lake  place  in  these  (cortex  of  the 
kidney,  pancrensj  within  the  glandular  cells  and  in  the  tissuc-elen>ents  of  other 
organs. 

After  abundant  regeneration  of  blood  in  dogs  the  leukocytes  of  the  livcr- 
capillarifcc  are  in  the  course  ^f  four  weeks  enonnouidy  nch  m  iron-c<:>ntnining 
granules;    likewiKe  Ihu  cells  o(  the  i^ileen,  of  the  iKini'-niarrrrtt ,  of  tlie  Ivmplialtc 

floods,  further  the  liver-cvlls  and  the  epithelium  of  the  cortex  of  the  kidney, 
he  iron- reaction  in  the  two  siiujitions  last  named  takes  place  alio  after  mtro- 
ducti'in  of  hemogkilnn  or  nf  irom-uilts  iiito  the  hlmxl 

Within  thrombi  and  alv_i  in  ex (rnvjualirjns  of  blood  that  difTusc  into  the  sur- 
rounding hving  ti-isue  hcmatosiderin  likewise  dcvcli^s.  in.addilion  to  hcmatoidtn. 
which  forms  ulicn  not  in  contact  will)  the  tiasoea.  The  alage  of  irun-rtaction  ol 
the  products  of  the  diHnte>,i'ation  of  the  erythrocytes  is,  however,  not  of  con- 
tequence.  as  in  the  progri-^s  of  time  the  residuum  no  longer  exhibits  tki«  reaction. 
V.  Recklinghausen  dc<!ignates  as  hemochromatosis  a  brov.-ni«l)  discoloratico  of 
the  tissues  dependent  upon  iibn^rmal  dissolution  of  erj'thpicyiei  or  local  extrava- 
sations (i(  biwKl.  and  which  is  caused  by  the  iron-contaminu  hematosiderin  and 
the  iron-free  hemofuscin  derived  from  it.  Londoia  obcervrd  these  conditions  after 
extensive  transfusion. 

]f  it  be  remembered  that  after  repeated  copious  loss  of  blood  and. 
after  every  menstruation  the  blood  is  regenerated  within  a  relatively 
short  period  of  time,  it  is  evident  th.at  an  active  proces^t  of  regeneration 
must  take  place.  As  to  the  amount  of  corpuscles  dcstniycd  daily  the 
amount  of  biliary  and  urinary  pigment  formed  from  the  blood  coloring- 
matter  affords  some  idea. 
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THE  WHITE  BLOOD-CORPrSCLES   (LEUKOCYTES),  THE  BLOOD- 
PLATES  AND  ELEMENTARY  GRAJ7ULES. 

Through  the  lymph-stream  colorless  cells,  designated  white  blood- 
corpuscles  or  leukocytes,  are  swept  into  the  blood.  In  addition  to  the 
blood  they  are  found  in  the  lymph,  in  adenoid  tissue,  in  bone-marrow 
and  as  wandering  cells  in  the  connective  tissues  of  various  parts,  as  well 
as  between  glandular  and  epithelial  cells.  They  consist  of  globular 
masses  of  viscid,  bright  or  granular,  highly  refracting,  soft,  motile, 
unencapsulated  protoplasm  (Fig.  6).  In  the  fresh  state  (A)  they 
exhibit  no  nucleus,  which  appears  only  after  addition  of  water  or  acetic 
acid  (B),  and  in  consequence  of  which  also  the  definition  becomes  more 
distinct.  Water,  besides,  renders  the  contents  more  granular  and  more 
turbid,  while  acetic  acid  causes  them  to  clear  up.  The  nucleus  contains 
one  or  more  nucleoli.  The  diameter  of  the  cells  varies  from  4  to  13  .". 
The  leukocytes  are  dissolved  by  peptone. 

In  accordance  with  their  form  and  size  leukocytes  are  differentiated 
as  follows:  (i)  Small  lymphocytes,  approximating  erj'throcytes  in  size, 
with  a  large,  round,  deeply  staining  nucleus  and  a  thin  margin  of  proto- 
plasm.    (2)  Large  cells,  with 
an    extensive     oval,     feebly 
staining  nucleus  and  a  heavy 
cortical  layer  of  protoplasm. 
{3)    Cells    resembling    those 
last  described  except  that  the 
nucleus    is    constricted.     (4) 
Somewhat  smaller  cells,  con- 
stituting   about    three-quar-        p,^  ,  _^_  ^„„^  ,y,^  hi«,d-corpu«i.,,  ,i.hoa,  ..y  «- 

terS      of      the      total      number,  agem;  B.Bftcr  the  acli™  of  water:  C.  nfieractiicocid; 

With  polymorphous, lobulated  S^.^i.^r^^'"^'  ^'^"  "'  ^'"^  '"' '"  "'"'''^'^ 

or  variously  convoluted  nu- 
clei, or  nuclei  separated  into  from  one  to  four  parts.     The  last  three 
forms  of  cells  have  a  genetic  connection. 

The  leukocytes  increase  by  division,  in  part  by  mitosis,  in  part  by 
amitosis  especially  in  their  germ-centers,  that  is,  the  lymphatic  glands 
and  adenoid  tissues.  Division  has  not  as  yet  been  observed  in  the  small 
lymphocytes  found  in  the  lymphatic  glands  (Fig.  8,  o  o).  Perhaps  these 
represent  juvenile  forms.  Also  sessile  cells  in  the  connective  tissue 
may  undergo  multiplication  by  division  and  send  their  offspring  into  the 
blood  through  the  lymph-stream. 

The  number  of  leukocytes  in  a  given  division  of  the  vascular  system 
may  differ  widely.  At  times  they  may  be  found  increased  in  one  place 
or  another,  as,  for  instance,  as  a  result  of  chemotaxis,  while  at  other  times 
a  large  number  may  be  sent  into  the  blood-stream  from  the  lymphatic 
apparatus.     The  increase  is  designated  leukocytosis. 

The  number  of  leukocytes  is  considerably  less  in  shed  blood  than  in 
circulating  blood.  Immediately  after  removal  from  the  vessels  nine- 
tenths  of  all  of  the  leukocytes  are  destroyed  (fibrin-formation). 

Local  heat  diminishes,  and  cold  increases,  the  number  of  leuko- 
cytes in  the  vessels  of  the  part  of  the  body  treated,  as  they  are  re- 
strained in  the  blood-vessels  contracted  bv  cold. 
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NUMBER    or   LIvUKOCYTES   IN   PKOPORTION  Tl)   THE  RED  BLOOD- 
CORPl'SCLBS  IN  SHED  BLOOD. 


L'KBm  -S'drmiu.  CaautiiDtn. 


b  VASRMtt  SnVittMM*. 


•  •iiS-  Welcker. 

T  ;  $sj.  Molri^hpli, 

1  ;  soo-800.  V   Jaksch. 

(In  children  ih«  numl>rr 
U  Miid  to  b«  MJiDTwhut 
grc-atcr  than  in  A<lultii ) 


Splenic  vein,  1  :6o. 

Splenic  artery,  i  :  at6o. 

Hcpau'c  vein,  1  :  170. 

PortAl  vein.   1  .  74a. 

The  number  in  in  i;t-ncra] 
f^rentcr  in  Xhe  veins 
ihftn  in  ihr  arteries 


I    Umna  \jmnm  Cnntmon. 

Th«  Quinber  i>  irtcrcatied 

I     bydigettion,  blotxl-let- 

t In c.    Ion g-conttnoed 

tnippurstioR,   mm  stru  - 

ation,  the  pucrperium. 

the  d<Athagony,  ionic 

mrdicaments      (qutnin. 

bitten) ,    tnf^tton    oi 

n»cl«in.  iftKit 

:The    number    Ie    dimin- 

I     t&hcd   bv   hunger    and 

impaired  nutrition. 


The  MiovttHfHl  of  the  Uukocytvs — observed  by  Vrliarton  Jones  in  1846 
in  the  ray,  and  by  Davaine  in  1850  in  man — which  lias  beeo  desig- 
nated ameboid,  because  it  corresponds  entirely  with  that  of  the  ameba. 
is  due  to  alternate  contraction  and  relaxation  of  the  protoplasm 
surrounding  the  nucleus.  It  can  be  recogniMd  especially  from  the 
fact  that  processes  are  sent  out  from  the  surface  and  withdrawn  (Fig.  7) 
like  the  pseudopods  of  the  ameba.  At  the  same  time  the  protoplasm 
has  an  internal  current,  which  can  be  seen  particularly  in  the  polymor- 
phonuclear cells.  Movement  has  been  seen  also  in  the  nucleus  itself. 
The  movement  is  attended  with  two  sets  of  phenomena:  (i)  The  migra- 
tion of  the  (fib.  inasmuch  as  they  draw  themselves  along  by  means  of 
protrusion  and  retraction  of  their  viscid  processes.  In  this  way  they 
may  migrate  even  through  the  interstices  of  intact  vessels.  Arnold 
considers  the  capability  of  certain  wandering  cells  to  develop  into 
epithelioid  or  giant  cells  as  demonstrated.  {2)  The  taking  up  of 
smalt  graniiUs.  such  as  fat.  pigment,  foreign  bodies,  which  at  first  adhere 
to  the  surface  and  through  tlie  internal  cttrrent  are  drawn  into  the 
interior  of  the  leukocytes  and  which  finally  may  be  again  extruded,  in 
the  same  way  as  ameb^e  take  up  food.  Thus  they  take  up  fai^globules. 
peptone;}  and  albuminous  bodies  that  have  gained  entrance  into  the 
blood-stream  and  which  Ihey  may  later  deposit  ddcwhcre. 

Metschnikofl  dwcUa  upon  the  aciivit)'  of  ilie  Icukocvlca  in  rctrogrcuivc  pn>- 
ccucs.  the  parts  tu  be  broken  down  bcinv  taken  up  in  the  fomts  of  pAftielcs  and 
therefore  in  a  mca;(tir«  devoured.  He  <lcs«s:nate«  the  cells  with  theie  activities 
as  devouring  cells  — /■Jin ^^'jf^f.  ThuK  they  act  as  ^kondr^iasJi  anil  ositit.lani 
in  the  at»orption  01  cartilage  and  txmc  respectively.  CelU  ol  similir  activity 
are  found  in  the  tail&  of  ^tracbia.  and  wnicb  take  up  portions  of  thv  tissue, 
as,  (itr  instance,  fragments  u(  hbrils.  in  the  disappearance  of  the  tails  during 
the  process  of  metaiDorphosis.  (See  also  absorption  of  ihr  di-ciduottt  tcetb.) 
Thub.  scliizomvcctcs  or  particles  oc  other  substances  that  have  gained  entjance 
into  the  blond  have  1>ecn  found  tttken  up  in  [>an  bv  leukocytes.  Later,  the  leu- 
kocytes vicid  up  these  substances  to  the  endothelial  ckUs  of  the  capiUaries  of  tba 
liver  and  the  lung)^,  less  commonly  cJ  the  spleen.  The  motility  of  the  leuko* 
cytesiidMtroyM  M"  quinin. 

The  leuleoc ytts' t'Xhibit  still  another  intetesting  pMUliarity.  namely  that  of 
etumotaxis  (chemntropism).  which  consists  in  the  attraction  of  fn^-iy  motile 
celts— like  same  lower  ortanisms — by  ci'rtain  substimccs.  and  their  re]>ultiton  by 
certain  others  Especially  ihc  metabolic  pit>ducts  of  patbogenk  and  non-path- 
ogenic microorganisms  exert  a  strong  attractive  influence  upon  the  leukoc3^tcs. 
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If,  therefore,  colonies  of  staphylococcus  (bacteria  of  suppuration)  collect  at  a  given 
part  of  the  body  their  metabolic  products  attract  the  leuKOcytes  from  the  neighbor- 
ing vessels,  and  in  this  way  in  flam  mat  ory  reaction  and  suppuration  result.  The 
poison  is  either  eliminated  with  the  pus  or  is  destroyed  by  the  phagocytic  activity 
of  the  leukocytes.  The  leukocytes  also  secrete  special  chemical  substances  that 
destroy  the  injurious  microorganisms.     These  substances  are  known  as  alexins. 

In  wann-blooded  animals  the  leukocytes  exhibit  movement  for  a 
long  time  upon  a  warm  stage — at  a  temperature  of  40°  C.  for  about  two 
or  three  hours;  a  temperature  of  47°  C,  induces  rigidity:  heat-rigidity 
and  death.  The  lowest  degree  of  temperature  at  which  ameboid  move- 
ment is  possible  is  14"  C.  In  cold-blooded  animals,  such  as  the  frog 
the  leukocytes  can  be  seen  to  make  their  way  out  of  a  small  coagulated 
blood-clot  in  a  moist 
chamber  and  move 
about  in  the  express- 
ed serum,  V.  Reck- 
linghausen observed 
motile  phenomena  on 
the  part  of  leukocytes 
in  a  moist  chamber 
for  as  long  as  three 
weeks.  Oxygen  is 
necessary  for  the 
movement.  Induc- 
tion-currents cause 
the  leukocytes  sud- 
denly to  become 
roimd,  like  irritated 
amebse  through  re- 
traction of  all  of 
their  processes.  If  the  electric  current  be  not  too  strong,  the  leuko- 
cytes resume  their  movements  in  the  course  of  a  short  time.  Strong 
and  long-continued  currents  destroy  them,  causing  them  further  to  swell 
and  undergo  complete  disintegration.  The  dissolution  of  white  blood- 
corpuscles  is  known  as  kukocytolysis.  It  occurs  as  a  normal  phenom- 
enon in  the  circulating  lymph  and  in  the  blood  in  limited  degree. 

With  regard  to  the  source  and  the  functional  significance  of  the  different 
varieties  of  leukocytes  complete  knowledge  is  as  yet  wanting.  An  attempt  has 
been  made  to  obtain  a  sharper  differentiation  of  the  leukocytes  through  the 
property  of  the  smallest  granules  within  the  protoplasm  of  the  cells  to  stain  only 
with  acid  or  with  basic  or  with  neutral  pigments. 

Method. — Recently  shed  blood  is  spread  in  a  thin  layer  upon  a  cover-slip, 
dried  in  the  air, then  placed  in  an  air-bath  at  a  temperature  of  125  C.  for  two  hours. 
Next  it  is  stained,  washed  with  water,  dried  in  the  air  and  enclosed  in  Canada 
balsam. 

The  granules  of  the  oxyphile  or  cosinuphile  cells  (Fij;.  8,  a.b,  with  unstained 
nucleus;  in  c  the  nucleus  is  stained  violet  with  hematoxyion)  are  stained  only 
bv  acid  pigments,  such  as  a  saturated  solution  of  eosin  in  5  per  cent,  carbolglycerin. 
The  source  of  these  cells  is  the  bone-marrow.  In  normal  human  blood  they  con- 
stitute only  about  lo  per  cent,  of  all  of  the  leukocytes,  but  in  cases  of  leukemia 
they  pass  m  large  number  from  the  bone-marrow  into  the  blood-stream — myel- 
ogenous leukemia. 

The  fine  granules  of  the  large  mononuclear  cells  of  normal  blood  are  stained 
only  by  basic  pigments,  such  as  a  concentrated  watery  solution  of  methylene-blue 
{f,  g),  as  well  as  those  of  the  majority  in  Ivmphemic  blood.  The  cells  known  as 
mast-cells  contain  hasophile  granules  of  other  size  (d,  e).  These  cells  are  rare  in 
normal  blood,  but  they  often  occur  in  large  number  in  leukemic  blood.     Maat- 
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celU  may  b^  loxtnd  aleo  in  th«  contimivc  ttMu<  of  other  orgims  in  Utt  vicinit^l 
of  the  epithelial  laver.  as,  for  insianc«.  in  ciitamwus  areas  the  seat  of  chromo' 
indaninuition.  ant!  Croin  which  they  thi>n  timl  iheir  wuy  into  th«  Mood.  i 

Fin*  neiitri  ■      '      ■    i  iilcs  arr  rc-mlcrrcl  vii^ililf  by  neutral  n;iins.  ax.  (or  instance, ' 
acid    [uch&in    !  I    with    methylene- blue.     These  cells  e.Yhihit  peculiarly 

sharp,  ptdymur.  ..-i..-  ;...Llear  Ii;fures  (h)  or  aiip-trcisily  sevt-ral  small  nuclei.  They 
are  encouni«ret)  in  .ihunilancc  in  numial  bloou  anil  in  '-he  |>rtr:tcnce  of  letikocvtosia 
J^  it  such  a  cell  in  the  fresh  siaic.  while  in  k  and  1  ihc  nucleus  alon«  is  stained). 
Tl(C  smaller  niimiicr  of  netitTophilc  cells  Cnniiain  a  large  nucl«u8,  surrounded  by 
a  thin  layer  of  protoplasm  (m  n) .  The>-  «ne  derived  from  the  spleen  and  the  hooe- 
marrow.  Between  these  two  forms  (h  and  m  n>  there  are  transitional  varieties. 
The  leukocytes  h  i  migrate  in  the  preBCnce  of  inHatnmation.  In  cachectic  states 
the  mononuclear  cells  <ni  n)  preponderate,  while  both  forms  are  inrreased  in  num- 
ber in  associaikm  with  acute  leulax^ytous.  The  lymphocytes  o  o.  with  a  larfce 
reticulated  nucleus,  are  derived  frKn  tiie  lymphatic  glands. 

NViiiwrr  found  nummnis  RTrtnulcs  of  nuclcoalbumin  in  the  Icukccvtcs  in  caBcs 
ot  gout  as  the  forcninn<^Ts  of  unr-acid  fonnaiion,  Tlie  leukocytes  cxhioit  the  rUK- 
tion  Cor  glycogen  in  the  prefvnco  ot  i>rogri.-Mive  sup]>uratioa. 
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Fm.  1.— 'V*fi«w»  Fonnaal  hMkaCftf  and  SiytfarBcgil**.    X  loaa.    [AD  figarB  an  ilnwa  titer  tht  wow  tola; 
1. 1  ooaati  rrTthrocTtc  dnvg  lala  Uu  icd«;  t  ■■  (  f.] 

The  blood-ptattts  of  Bizzozeru  (Pig.  9)  deserve  especial  consideration 
as  a  third  morphological  constituent  ol  the  blood.  These  ore  pale,  color- 
less, viscid,  biconcave  di.scs  of  var>'ing  size,  averaging  3  *i  in  diameter. 
On©  cu.  mm.  contains  345.000  plates.  Bizzozero  lias  observed  them 
in  the  circulating  blood — in  the  mesentery  of  the  guinea-pig  and  the 
wing  of  the  bat.  They  collect  in  large  numliers  upon  a  thread  immersed 
in  fresh  blood.  They  can  be  obtained  from  escaping  blood  after  ad- 
mij(turc  with  one  per  cent,  solution  of  osmic  acid  or  with  Haycm's 
fluid  (Fig.  9.  j).  In  shed  blood  they  rapidly  undergo  transfomiation 
into  varied  shrunken  forms  (5),  disintegrating  into  small  particles  and 
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being  finally  dissolved.  Where  they  are  collected  together  they  readily 
cohere  into  masses  (7),  and  pass  over  into  aggregations  resembling 
stroma-fibrin,  which  in  coagulated  blood  mav  be  united  with  shreds 
of  fibrin  (6,  8). 

Bizzozero  believes  that  tbey  furnish  the  material  for  the  fibrin  in  the  process 
of  coagulation,  and  he,  as  well  as  Eberth  and  Schimmelbusch,  attribute  the  initial 
formation  of  white  thrombi  to  them.  According  to  Lowit  they  are  formed  from 
disintegrated  leukocytes,  and  according  to  Lilienfeld  from  the  nuclein  and  albumin 
of  the  nuclei  of  these  cells.  According  to  Wooldridge  they  are  globulin-precipi- 
tates from  the  plasma.  J.  Arnold  followed  their  extrusion  and  detachment  from 
erythrocytes;  in  smaller  measure  they  are  derived  from  leukocytes.  Halla  found 
them  increased  in  pregnant  women,  Mosen  after  hemorrhage,  Afanassiew  in  the 
presence  of  regenerative  states  of  the  blood,  Cadet  in  association  with  hunger, 
Hayem  after  the  crisis  of  certain  infectious  diseases,  and  Pusari  in  cases  of  afetmle 
anemia.  They  are  diminished  in  the  presence  of  fever,  as  well  as  of  severe  infec- 
tions and  blood-stasis,  and  also  after  injection  of  leech-extract.  The  blood  of 
cold-blooded  animals  and  uf  birds  contains  also  small  spindle-shaped,  nu- 
cleated cells. 
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FiC.o. — "BUwd.pIalcs"  aod  Their  Derivalivrs:  i,  a  red  blood-coipuide  on  the  flat:  i.  OD  [he  side;  3,  unchanged 
blood-[dHte>;  4,  lymph  corpuscle,  surrounded  by  blood. plales;  ;.  altered  blood. )^[es:  6,  lympb  corpuscle 
with  two  heads  of  hued  blood-plales  snd  threads  of  hbrin;  7,  group  ol  fused  blood.[^ates;  S,  small  froup  of 
putiall:^  dissolved  blood.pUles  Hilh  fibrils  of  Sbria. 

Demonstration  in  Mass. — tf  lo  parts  of  blood  are  mixed  with  i  part  of  a  o.a 
percent,  solution  of  ammonium  oxalate  in  0.7  per  cent,  solution  of  sodium  chlorid, 
and  the  mixture  is  centrifugated,  a  grayish-red  layer  principally  of  leukocytes 
will  form  above  the  erythrocytes,  ana  over  this  a  white  layer  consisting  almost 
solely  of  blood-plates,  while  above  all  is  the  clear  plasma. 

In  addition,  a  few  small  granules,  so-called  elementary  granules, 
occur  in  the  blood.  These  are  irregular  masses  of  protoplasm  derived 
from  disintegrated  leukocytes  or  blood-plates. 

According  to  H.  F.  MuUer  there  are  constantly  present  also,  especially  after 
the  ingestion  of  food,  minute,  globular,  hiehly  refracting  granules,  which  are  not 
fat,  and  which  he  designates  blood-dust,  or  hemokonien. 

Coagulated  blood  contains  delicate  threads  of  fibrin  (Fig.  9,  6,  8), 
Strang  like  a  spider's  web  between  the  corpuscles.  They  become  iso- 
lated after  dissolution  of  the  corpuscles.  Where  many  such  threads 
occur  together  a  nodular  accumulation  takes  place. 
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ABNORMAL  CHANGES  Iff  THE  RED  AND   WHITE    BLOOD- 
CORPUSCLES. 

LoH(  of  blood  u  alw-ayft  (olluwed  by  diinmutiun  in  the  nutitlvr  at  eryihrocytet 
in  proportion  to  th«  extent  of  the  hemonhxge,  aiid  the  mimlfcr  may  fill  to  even 
less  than  400.000  in  the  cu.  mm.  The  loss  is  soon  made  good  by  the  absorp> 
fi'iT)  of  lymph  from  the  tissues.  McnsLruation  fumi&hcs  an  iiidtcatton  th&t 
rnodcratc  loss  of  red  blt-'od-ctirpustlcs  may  1*  iL'plim'd  in  twi-iily-ciclit  days. 
In  cose  of  coosideraVlc  loss  of  blood,  causing  a  reduction  in  .ttt  of  the  formative 
procosSM,  this  period  may  be  prolonged  to  hvc  weeks.  Jn  Cjues  nf  fti^ut«  febrile 
disease  tie  elevation  of  iptrperature  is  generally  attended  with  a  reduction  in  the 
nutnber  of  red  blood -vnrpusc led.  thoutrh  with  nil  increase  in  the  number  of  while 
coipuscles.  Chronic  diKc»»es  diminish  the  ntimber  and  often  the  heffloglobin-con- 
tetit  of  the  erythrocytes  m  still  greater  degree.  In  some  individuals,  in  whom 
the  red  blood-corpuscles  are  deficient  in  resistance,  these  tmdergo  dtssoltition 
in  consequence  uf  the  action  of  profound  cold  upon  penpheral  portions  of  the 
body.  as.  for  instance,  from  the  application  of  ice-wstcr,  while  the  blood-plasma 
becomes  reddened  and  Iiemuglobinuna  may  even  develop. 

Diminished  regenerative  activity  on  thf  part  of  new  er>'throcyte8  n-iU  aleo 
cause  reduction  in  their  number,  as  blood -corpuscles  are  cotistantiy  undergoing 
destruction.  If  vnih  this  th<-n-  be  ansociated  direct  Iocs  of  blood,  as.  for  iniitance. 
menstruation,  the  reduction  may  become  considerabte.  In  Che  case  of  cfalorosiB 
a  congenital  deticiency  in  the  development  of  the  blood-forming  and  blood-pro- 
pelling  apparatus,  that  is  the  va^culkr  sj-stem.  appears  to  constitute  the  cause 
The  heart  and  the  vessels  arc  small,  and  the  absoltite  number  of  blood-corpuscles 
may  be  reduced  even  one-half  1  n  the  blood-corpuscles  tiiemsclves,  whose  relative 
Dumber  may  he  either  inaiiittiiiied  'ir  even  reduced  as  much  aa  one-third,  the  hemo- 
globin is  reduced  about  one-third.  The  total  volume  of  erj'throcytcs  lias  been 
found  diminished.  The  iron-content  of  the  blood  ha*  been  reduced,  even  to  one- 
half.  Courses  of  treatment  with  iron  again  increase  the  amount  of  hemog^bin 
and  iron  in  the  blood.  So-<:iiUed  propessive  pernicious  anemia,  which  is  char- 
acterized by  the  fact  iJint  the  progressive  impoverishment  of  the  blood  may  even 
finaUy  terminate  fotally.  is  probably  dependent  upon  some  profound  derasge- 
meni  of  the  blood-forming  orsuiL  In  tlit-  i)rt'!>(.'Tice  of  this  diitease  the  erythro- 
cy1e»  are  reduced  in  number,  wnilr  their  hrnniglribin-ointi-ni  is  tncrro-sc-d.  Invn- 
lution- forms,  <li-iirupgratingproduci5  {microcyics  and  poilrilocytcs)  and  earlier 
developmental  stages  of  erythrocytes  (nucleated  crytlirocytcs  of  normal  and  of 
excessive  sixe:  normoblasts  and  megalcblasts)  are  also  present.  Numerous  chronic 
intoxications,  as  with  lead,  swamp-mioxm  or  syphilis,  are  likewise  attended 
with  reduction  in  the  number  of  blood-corpuscles. 

The  sise  of  the  corpu^les  varies  in  disease  between  2.9  and  13,$  u.  with  an 
nverase  sixe  of  from  6  to  8  ".  Dwarf  blood- corpuscles  (6  u  and  below,  microc)*tet) 
have  lieon  considered  as  juvenile  forms  and  are  found  in  atiundancc  in  almost 
all  forms  of  anemia  (Fig.  8.  0).  Giant  corpuscles  (megalocytca.  10  »  and  above) 
are  found  constantly  in  cases  of  pernicious  anemia,  occasionally  in  cases  of  leulce- 
mia,  chlorosis,  and  cirrhosis  of  t4ic  liver  (riic.  8,  4.  5.  represents  a  nucleated 
nutgalocytcas  the  forerunner  of  a  non-nuclcatcil megaloc^-tc) .  If  thecrTiihrr-cyirs 
exhibit  marked  variation  in  form  anH  size,  lh«y  are  dcsignalcd  poikilocytcs  (Fig. 

Abnormalities  in  the  /<>«-m  of  the  red  blood -corpuseles  have  been  observed  after 
severe  bums.  The  corpuscles  appear  much  reduced  in  sIms  and  the  thought  sug- 
gests itself  that  under  the  influence  of  the  heal  accompanying  the  bum  droplets 
of  the  corpuscles  have  become  detached,  in  the  same  way  as  this  can  be  ob- 
served in  micmsKjpic  preparations  on  application  of  beat.  Disintegration 
of  blood -corpuscles  in  many  such  droplets  (cr)throcytotr>'p»y)  has  been 
observed  in  connection  with  various  disordcn,  as,  for  instance,  severe 
malarial  fevers.  These  particles  represent  fragments  of  blood-corpuscles  and 
not  independent,  intact,  small,  individual  corpuscles.  Prom  these  fraffmcntii 
there  result  dark  pigment -p articles  closely  related  to  hematin  and  which  at  first 
float  about  in  the  blood  (mt'lanemifl)  This  condition  ran  be  devrloped  artificially 
in  rabbits  by  introducing  carbon  disulphid  (t  parts  to  90  parts  of  oil)  subcutane- 
ously.  The  leukocytes  take  up  a  number  of  these  panicles,  which  later  on  are 
found  deposited  in  various  tissues,  partlctilarly  the  qilcen.  the  liver,  th«  brain. 
and  the  bone-marrow. 

In  some  cases  the  red  blood-corposclca  exhibit  abncnnal  ti>ftnets.  to  that  they 
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underi:o  narked  changes  in  form  as  the  result  even  of  sUght  extraneous  influences. 


the  interior  of  the  erylhrocyt<-s  of  bird*.  Itogs.  turtles,  etc.,  low  forms  of  anim&ts 
develop  at  times  in  the  form  nf  round  psetidovaouoles.  and  out  of  which  free 
blood-woims  sulMcHucntly  develop.  Also  in  cnsr«  of  malartiU  in/eciion  in  human 
beings  microbes  of  varjnng  form  (ncmam«ba.  Lavitan)  hax-c  bwn  ob»cr\'ed  vrithin 
the  e^^^hrocJ^c9.  and  which  probably  are  conveyed  bv  slincing  insects  (mos- 
iniitoa)' — in  the  saiue  way  as  Texas  i'evrr  is  cunveyi-d  by  ticks.  Tlicy  destroy 
toe  red  blood-coiTusclcs  and  in  turn  arc  drstroyrd  by  quinin. 

The  aihite  bihod-evr^Micles  arc  gcnorallv  increased  in  all  acute  diseases  in 
which  exudation  takes  place.  I'hcy  exhioit  excessive  increase  in  associatioa 
m-ith  so-called  leukemia.  In  litis  diacase  the  proportion  of  red  to  white  blood- 
corpuscles  may  be  as  a  to  1.  In  eonsrquenee,  the  blood  acquires  iin  appear- 
ance as  if  it  were  mixed  with  milk.  At  the  same  time  the  number  of 
erythrocytes  is  diminished.  Leukemia  depends  upon  hyperplasia  of  the  3>Tiiphoid 
tisnie  or  the  bone-niarrow.  These  causes  are  responsiole  for  lymphatic  and 
myelo«nouii  leukemia  n-Kpect-ht-ly.  I-jTnphocyrcj;  and  myelocytes  are  to  be 
cmrcfuUy  diflcrcntiated  The  cnlaiKt-incm  of  the  splctn  is  only  sccooditry^  there- 
ton  a  pure  variety  of  licnal  leukemia  is  not  accepted.  M)-clogeoo\is  leukemia 
beljnK^  priibablv  am^>[|):  ih^  active  f'-rtH.-iof  Ivukocyii F>ii!i.  Aii  active  luukocvtosis 
is  oni-  that  results  throueh  movement  or  migmtion  of  leukocytes  into  the  felood* 
cwiTcnt.  This  mav  involve  the  polynuclear-nciitrf^phile  or  cosinophile— or  the 
mixed  cells — the  latter  with  involvement  of  mononuclear  elements  containing 
granules:  myelemia.  The  passive  form  of  leukoc)tosis  comprises  the  various 
forms  of  lymphemia. 

CHEMICAL  CONSTITUENTS  OF  THE  RED  BLOOD-CORPUSCLES. 

The  blood  <:olvTiKg-nstiitcr  heinoglulnn — abbreviated  HIj — causes 
th«  red  color  of  the  blood.  It  is  found  besides  in  muscular  tissue 
and  in  traces,  probably  only  as  a  contamination  through  dissolved 
cells,  in  the  blood-plasma.  In  the  spectroscope  it  exhibits  an  absorp- 
tioa-band  in  the  greco  (Fig.  15.  4).  Its  percentage- com  position  ac- 
cording to  Hufner  is  for  the  blood  of  swine,  as  compared  with  that  for 
the  ox,  in  paremheses.  C.  54.71  (54.66);  H,  7. 38  (7  aj);  ^^  17-43 
(17.70);  S.  0.479  {o-447)i  Pe.  0.39V  (0.336);  O,  19.60a  (i9-54j)-  For 
one  atom  of  iron  there  are  two  atoms  of  su!phur  in  the  horie.  and  three 
in  the  dog.  According  to  Hufner.  the  formula  isC„«H,^„N,o.KeSj(J,,|); 
the  molecular  weight  is  14.119,  Hemoglobin  is  soluble  in  water;  when 
heated  it  coagulates  only  with  decomposition,  retaining  the  sulphur 
in  firm  union.  Although  it  is  a  colloidal  substance,  it  nevertheless 
imdergoes  crystallization  in  all  clasaes  of  vertebrates  from  wliich  it  has 
thu-i  far  been  olitained,  in  figures  belonging  to  the  rhombic  By.item, 
principally  in  rhombic  plates  or  prisms,  and  from  the  guinea-pig  in 
rhombic  tetrahedni.  The  squirrel,  however,  forms  an  exception,  in- 
asmuch a!i  its  crystals  appear  as  hexagonal  plates.  The  crj'staJs 
simply  separate  in  all  classes  of  vertebrate  after  slow  evaporation  of 
blood  rendered  lake-colored,  though  with  varj'ing  degrees  of  readiness. 

It  ia  to  he  inferred  that  the  variations  in  the  form  o(  the  crystals  in  diOecent 
animals  are  dependent  ujion  slight  changes  in  chemical  eonstituticFii.  The  hemo- 
globin ia  readily  crystalliud  from  ih<->i|ood  of  man.tlic  dog,  the  mouse, the  guinea- 
ing.  the  rat.  the  marmot,  the  eat,  the  leech,  the  horse,  the  rabbit,  birds,  and  hah; 
and  with  diiliculty  from  the  biuoj  of  sheep. oxeti.  aud  swine;  and  not  at  all  from 
ihe  blood  of  the  '(rue.  Rarvly  tht  hemOKiobin  of  a  single  blcxKl<orpuscle  can  t>e 
seen  to  form  a  small  cn,'stal  with  inclusion  of  the  stroma,  as  Landois  also  ot>- 
served  in  the  case  of  rabbtts'  blood  that  had  ^itood  (or  a  long  time.  Within  the 
large  blood-corpuacke  o(  tish  the  small  cryatul  lies  at  times  within  the  stroma 
bj-  the  »i<fc  of  the  nucleus.  In  ihi>cla»of  vertebrates co!orlcs5cr)'atals  also  have 
at  times  been  observed. 
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The  cn'stals  of  hemoglobin  are  doubly  refracting  and  pleochmmatic. 
that  is.  they  appear  bluish  red  in  transmitted  light  and  scarlet  red  in 
reflected  light.     The  cr\'stals,  which  contain  from  3  per  cent,  to  9  per 

cent,  of    water  of    crj'stallization    and 
therefore  become  disintegrated  from  es- 
^  J       cape  of  this  water  on  exposure  to  the 
0^       air.  are  alwaj's  soluble  in  water,  though 
different  vanelies  dissolve  with  var^'ing 
fl^         degrees    of     facility.      They   are   more 
_  readily  soluble   in   dilute  alkali.      The 

solutions  are  dichroic,  that  is,  they  ap- 
pear red  in  reflected  light  and  greenish 
in  transmitted  light.  They  are  insolu- 
ble in  alcohol,  ether,  chloroform,  and 
fats. 
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At  a  result  of  the  proceo  of  crystallisa- 
tion the  hemoglotin  iiwlf  appears  to  under- 
,  go  an  idtcraal  change      Previous  to  crystal- 

^k       ^^  .  luatieii  it  docs  not  diSuse  as  a.  true  eolloidal 

flk  J^\  ^^  '  -^  body,   but  it  acti%-ely  dMomposes  hydrogen 

^B  \  ^v  jBb   Btt       dioxid.     Dissolv«<l    in    the   foTin  of  cryxtaU, 

^    li^^  ^V  ^8r        however,   it  is  slightly  dilTusiblc.  and  does 

^^  not  dccontp«»e  hyorogcn  dioxid,  ilirough  tbe 

action  of  which  it  is  decolorized.     The  cryfi- 
tab  of  hciDoglobin  collect  like  an  acid  at  Uie 
positive  j>ol«  »■(  on  electric  cuircnt.     A*  the 
>m  ilMi'iriuiiTd,  hcmoglolnn  Ilius  *xbibita  altcr.-iticnii  after  its 

Mparntion  frrwn  (he  erjthreeyteK.  Hoppe- 
Sayler  believed  that  the  oxyhemoglobin  was  united  ivith  lecithin  within  the 
e^rthrocyt»,  and  also  the  hemoglobin.  The  fonner  combination  he  designated 
artgrin  and  tli«  latter  phUbin. 

PREPARATIOn  OF  HEMOGLOBIH-CRYSTAtS. 

MrtlicJ  1'/  Ri.<U<lt. — Dvtibrinntcd  blood,  in»dc  lakc-coIcTcd  l-y  freezing  and 
thawing,  is  poured  into  a  (hallow  vessel,  whose  bottom  a  cuvcicd  theTcw:th  to  a 
height  of  only  ij  mm,  Evaporation  is  pemutlcd  to  take  place  slowly  in  acool 
pl&ce  and  as  a  result  the  ctyttals  separate. 

Method  0}  Hoi>p4-SeyUt. — Ddlibriniited  blood  is  mixed  with  le  volume*  of 
a  solution  of  sodium  chlorid  or  of  Hxlium  sulphate  (1  >'olume  of  a  concentrated 
solution  to  0  volumes  of  water)  and  permitteo  to  stand.  After  the  lapse  of  two 
days  tlic  clear  supernatant  laver  is  removed  with  apipct.  while  the  thiclt  sediment 
of  olood-corpuscles  is  washea  with  water  into  a  glass  flask,  and  shaken  with  an 
equal  volume  of  ether  until  the  blood -corpuscles  are  dissolved.  After  standing  for 
a  short  time  tlie  supernatant  ether  is  removed,  and  the  lakc-coloicd  iluid  hltcred 
in  the  cold:  then  one-fourth  volume  c(  cold  {o")  alcohol  is  added.  This  mixmre 
is  permitted  to  stand  for  several  da\-«  at  a  temperature  of  — 5*C.  The  crystals 
that  will  th«B  havf  formed  in  abundance  can  be  collected  upon  a  filter  nnd  dried 
by  pressure  between  blotting-paper.  Through  the  gradual  action  of  the  alcohol 
upon  thehemoglobin-solution.  by  introduction  iatoai&alyzer.  it  is  possible  to  obtain 
crystals  several  millimeters  lime. 

Afetluvl  of  Gfchriilicii — Gscncidlen  obtained  the  Ivmt  crystals.  sr>'CTal  centi- 
meters in  length,  by  mcliing  in  small  gla&s  lubes  diSibrinatcd  blood  that  bad 
bccu  exposed  to  the  air  Utt  34  hours,  and  preserving  for  several  days  at  &  tem- 
perature of  ij"  C.     Spread  upon  a  glass  plate  the  cr>'sta]s  readily  appear, 

QUANTITATIVE  ESTIMATION  OF  THE  HEMOGLOBIN. 

(o)  Ftohi  Us  hoK-t.mni:  —As  in  the  dry  state  (loo*  C.)  hen;i>|,:U>I>in  contains 
e.^l  per  cent,  of  iron  by  weight,  the  amount  of  hemoglobin  con  h«  estimated 
mm  the  amount  of  iron  in  the  blood.     If  m  represents  m  percentage  the  weight 
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of  metallic  iron  found,  the  peiventftf^  of  bMnoglohin  in  tht  blood  will  be  at  loo 
m  :  o-tj.  The  rmxle  uf  ^irtweihire  is  as  fnllnwi;  A  un'nsiircd  amount  of  blood  is 
reduced  to  adi  and  This  is  exhnvistpd  uiih  hydrc-chloric  acid  for  the  preparation 
of  ferric  chlorid.  Next  the  ferric  chloml  i*  convened  into  ferroou  chlorid,  and 
this  >«  Titrated  vritti  a  Koliition  ol  iiot-'UHviutn  prrm<inj^iinatc. 

£fr)  Colarimi'iric  M<Aod.—A  dilute  waten,*  solution  of  cr^HtallJEed  hemoglobin 
is  prepared,  the  exact  strength  of  whicli  in  0ms  known.  With  lhi»  are  compared 
wat<ry  dilutions  of  the  blood  lo  bw  <.-xamincd.  water  hang  added  to  the  Utter 
until  the  color  is  the  lame  as  ihnt  of  the  hemoglobin  •solution.     TUe  specimens  to 
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be  cocnpared  are  contained  in  similar  vessels  of  exactly  tlie  same  ihtckoess  Chema- 
tinomctcr).  Hoppc-Seyler  has  recently  devised  a  coloriniciric  double  pipct  for 
this  purpOM.     The  blcod-spccinicns  are  >aturatcd  with  carbvii  monoxid. 

For  clitieai  f«r/\)fcj  v,  rkischl's  hcmomrtcr  is  ri-c-i'inmeinli-d  (Fig  ti).  This 
consists  of  a  e\'lnider  mounted  upon  a  metallic  plale  and  divided  into  tvro  equal 
parts,  which  are  cloM-d  al  one  extremity  hy  a  disc  of  glass.  Each  half  is  filled 
with  water,  and  then  a  measured  amount  o(  blood,  obtained  with  a  pipet  of  deter- 
mined capacity  frcnn  a  pvnctttred  wound,  is  introduced  into  the  one  half  and 
diesolved.  The  color  of  the  red  solution  thus  produced  It  compared  with  that  of 
a  niby-rcd  glass  wedge  viewed  through  the  clear  water  in  the  other  half  of  the 
cylinder  and  capable  of  beinj;  iiiuved  forward  and  backward  by  8  Ecrcw,  until 
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the  color  appcan  the  wme  in  both.  The  illnintnalion  of  the  blood-solution  and 
the  red  wastt:  \»kcn  place  from  below  bv  means  of  the  li^ht  of  a  lamp.  Thr 
gtws  wcde;c  is  proviiicd  wiUi  a  scale,  and  when  tlie  colors  in  tbo  two  halves  of 
tlic  cylinder  arc  alike-  th«  number  on  the  n^dgv  indicates  the  amount  of  b«mo- 
globin  in  terms  of  percentage  of  the  normal  blood;  thuf.  for  instance,  the  figure 
to  indteateii  that  thp  examined  blood  contains  8©  per  cent,  of  the  hemoglobin  in 
nrtrmal  blfi'>'I. 

(£)  Wiik  ikt  aid  of  ike  iptctn^icofv  Preyer  found  that  a  solution  ot  0.8  per 
C*nt.  of  oil y hem oj'lii bill  in  water — t  cm.  tnick— yielded  in  addition  to  red  and 
vellow  the  lirtt  band  of  prrn  in  the  spectroscope  (Fig.  1$.  0-  Of  the  blood  to 
be  examined  about  0.$  cu.  cm.  b  taken  and  is  diluted  with  water  until  the  idcmical 
of  effect  in  the  spectroscope  ia  obtained.  Inadditiun  to  having  the  layers  of  duid 
equal  thickness— namelvi  cm. — thenndtJir.f  theslit  in  the spcctroKope  and  the  dis- 
tance between  this  and  the  vessel,  as  well  as  the  intensity  of  the  source  of  light 
(stearin  candle.),  must  be  the  same.  If  k  repreeentK  the  amount  of  hemoglobin  in 
pereaDtage  that  permits  the  paasafi^  of  the  j^reen  color  (0.8  per  cent.),  and  b  the 
volume  ol  bloud  to  he  examined  (ahont  0.5  cu.  em.),  and  w  the  amount  of  water 
necpssaiy  for  dilution,  then  x  equals  the  amount  of  hemoglobin  in  the  blood  to 
be  examined  expressed  in  percenlage,  that  isx  —  Ic  (w-  b):  b.  It  is  advantageous 
to  add  a  trace  of  potassic  hydrate  to  the  blood  and  to  saturate  it  with  carbon 
moDoxid. 

The  amount  of  hemoglobin  is  in  men  13.77  per  cent,  of  the  total 
volume  of  blood,  in  ■women  13.39  P^''  cent.,  in  pregnant  women — with 
progressive  diminution — from  12  to  9  per  cent.  According  to  Lichtcn- 
stcrn  and  Wintemits  the  hemoglobin  is  most  abundant  in  the  blooil 
of  the  newborn,  but  this  is  no  longer  the  case  after  the  age  of  ten  weeks. 
Between  six  months  and  iivc  years  of  age  it  is  smallest  in  amount  and 
reaches  its  .second  maximum  between  twenty-one  and  forty-five  years, 
after  which  it  falls  again.  The  hemoglobin  in  female  blood  grows  less 
after  the  tenth  year.  The  ingestion  of  food  ia  followed  by  transilorj' 
diminution  in  the  amount  of  hemoglobin  in  tronsequence  of  the  dilution 
of  the  blood. 

The  amount  of  hemoglobin  in  different  anitnab  la  as  ft^on-s:  9.7  per  cent,  in 
the  doK;  Q-<i  fcr  cent,  in  cattle;  10. j  per  cent,  ia  sheep,  11.;  per  ocnU  io  EWinc; 
13.1  per  cent,  in  the  horse,  and  frkjoi  16  to  17  percent,  in  birds. 

Iji  moist  er>'throcytes  Hoppc-Seyler  found  the  hemoglobin  to  con- 
stitute 40.4  per  cent,  of  all  the  organic  elements,  while  in  the  dry  cor- 
puscles the  amotint  was  95.5  per  cent.,  the  amount  being  smaller  in  the 
nucleated  coipuscles  of  animals. 

PatboloficaL — A  reduction  in  the  amount  of  hemoglobin  in  the  blood  takes 
place  during  cotivalcscrnce  frvm  febrile  di.teascn,  aa  well  as  in  the  prewnce  of 
pidinonar)-  tuberculosis,  cjircinoma,  ulcer  of  the  stomach,  diseases  of  the  heart, 
chronic  diftaM.  chlorosis.  leukemia,  pernicious  an^-mta.  and  in  conjunction  with 
vigOTOUR  mercurial  treatment  U-r  ^ypnilis.  In  tlio  prewnce  of  hunger  lb*  hemo- 
globin is  more  resiti.int  th.in  the  r^tiifiininp  lolid  ilemt-nts  of  thi-  blood. 

EMPLOYMENT  OF  THE  SPECTROSCOPE  FOR  HEMOGLOBIN 

EXAMINATION. 

The  spectroscope  (Pig.  i»  and  Fig.  lof  consists  (i)  ot  a  tube  A.  having  at 
ita  iK-riphcral  rxtremitv  a  slit  S.  »htch  can  be  made  larj^vT  and  smaller.  At  the 
other  extremity  is  a  double  convex  k-na  C.  ttnoviii  tu  a  collimator,  so  adjusted 
that  the  slit  ia  placed  exactly  at  the  fucus  of  this  lens.  Light,  from  the  sun  or 
a  lamp.  illuminatinK  the  slit.  pa««eg  ihcrefrtre  in  parallel  lines  through  C.  (.>)  Tlie 
prirni  P.  bv  Tneaiis  of  which  parallol  rays  arw  refracted  and  broken  up  mto  the 
spectral  cnlom,  r-v.  An  astronomic  ttlfM;ope,  mx-ertmij  iJie  ima^.  is  directed 
toward  the  spectrum  r-v.  which  appears  nutgnibed  from  ft  to  8  time*  to  the  \-iow 
of  the  observer  B  with  the  aid  of  the  telescope.  (j>  The  tube  0  c<Mitaina  a  delicate 
Bcale  M  ctdied  upon  einas,  and  the  ima|;e  of  which  when  illuminated  is  thrown 
upon  the  surface  of  tnc  prism,  whence  it  Is  in  turn  rrllcctcd  to  the  eye  of  the 
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observer.  In  this  way  the  observer  can  see  the  spectrum  and  in  or  over  it  the 
scale.  To  exclude  extraneous,  disturbing  hght,  the  prism  and  the  inner  extremities 
oi  these  tubes  are  enclosed  within  a  metallic  capsule  whose  interior  is  colored 
black. 

Abtoiption-spectra. — If  a  colored  medium,  as,  for  instance,  a  solution  of  blood, 
be  placed  between  the  slit  of  the  spectroscope  and  a  source  of  light,  the  interposed 
solution  does  not  permit  the  passage  of  all  of  the  rays  of  white  light,  but  some 
of  these  are  absorbed.  Therefore,  that  portion  of  the  spectrum  v«iose  rays  are 
not  permitted  to  pass  appears  dark  to  the  obser\-er. 


tn< 

Fic.  la. — Diagrajiunatic  Represealalinn  of  (he  SpcctTOKope  tor  Study  of  the  Aluorpiion-spfclra  o(  Ihe  Blood. 

FUme-spectra. — If  combustible  substances  are  permitted  to  bum  before  the 
slit  in  a  non-luminous  (gas)  flame  at  the  extremity  of  a  platinum  wire  the  elements 
of  the  ash  yield  bands  of  a  special  color  occupying  a  definite  position.  Thus. 
sodium  gives  rise  to  a  yellow,  potassium  to  a  red  and  a  violet  line,  which  are  found 
on  combustion  of  the  ash  of  almost  all  organs.  If  sunlight  alone  is  permitted 
to  pass  through  the  slit  tht  spectrum  exhibits  a  large  number  of  lines  (Fraun- 
hofer's  lines)  occupying  definite  positions  within  the  colors  and  according  to  which 
different  parts  of  tne  spectrum  can  be  localized.  These  are  designated  A.  B,  C,  D, 
etc.,  a,  b,  c.  etc.  (Fig.  15). 

OXYGEH-COMBraATIONS  OF   HEMOGLOBIH:  OXYHEMOGLOBIH  AND 

UETHEHOGLOBm. 

Oxygen-kemoglobin  or  Oxyhemoglobin — abbreviated  to  0-Hb — is  read- 
ily developed  when  hemoglobin  comes  in  contact  with  oxygen  or  with  air 
(details  on  p.  78).  Oxyhemoglobin  is  somewhat  less  readily  soluble 
than  hemoglobin.  On  spectroscopic  analysis  it  exhibits  two  dark 
absorption-bands  in  the  yellow  and  the  green,  whose  position  and 
width  in  an  0.18  per  cent,  solution  are  shown  in  Fig.  15  (2). 

Oxyhemoglobin  is  contained  within  the  er^'throcytes  in  the  circu- 
lating blood  of  the  arteries  and  capillaries,  as  may  be  demonstrated  by 
spectroscopic  examination  of  the  ear  of  the  rabbit  and  of  the  thin  layers 
of  skin  between  two  fingers  placed  in  apposition.  It  is  an  exceedingly 
unstable  chemical  combination,  yielding  its  oxygen  even  through  the 
influence  of  such  agents  as  release  absorbed  gases,  as,  for  instance,  setting 
free  of  gas  through  the  action  of  an  air-pump  or  the  passage  of  other 
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gases,  particuUriy  carbon  monoxid.  and  heating  to  the  boiling-point. 
Al&o  in  the  circulating  blood  the  oxygen  is  readily  given  up  to  the 
tissues  of  the  body,  so  that  in  animals  dead  from  suRocation  only 
gas-(ree — reduced  —  hemoglobin  is  found  in  the  veins.  Also  cor- 
stituenU  of  the  serum  and  sugar  remove  the  oxygen.  By  addition  of 
reducing  substances  to  a  solution  of  ox>- hemoglobin,  as,  for  instance, 
ammonium  sulphid,  the  two  bands  of  oxyhemoglobin  disappear  and 
reduced  gas-free  hemoglobin  results  (Fig.  15,  4).  This  is  recognizable 
from  its  wide  ili-defined  absorption-band.  Agitation  with  air.  how- 
ever, at  once  restores  both  bands  through  the  formation  of  oxyhemo- 
globin. Solutions  of  oxyhemoglobin  arc  readily  distinguished  by  their 
scarlet  color  from  the  wine- violet- red  tint  of  reduced  hemoglobin. 

The  yellow  id) -green  color  of  the  solar  spectrum  thrown  isolated  upon  the 
closed  upper  eyelid  causes  a  sensation  of  daric,  If  the  bavcof  t^o  fingers  be 
lif;ate<I  to  Ihe  ^int  of  intemiptin^  the  circulation  it  «-i]l  be  seen  on  spectro- 
Kopie   examination   of  the  intervening  red  cutiineoui  te&m  thAt  tbe  oxyhemo- 
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giobin  is  soon  iranslormed  into  reduced  hemoglobin.  This  reaction  is  delayed 
under  tlie  influence  ot  cold;  it  11  accelerated  in  youth,  during  muscular  actlvitv 
or  with  supf  TcisnoD  of  brrathins  and  etiiierally  also  in  th«  presence  of  fever.  A 
twaling  bean  also  excrw  a  reducing  innuence  upon  oxyhemoglobin.  The  absorp- 
tion>spectra  naturally  var>'  witfa_  the  concentration  of  the  solution;  in  the  presence 
of  a  ercater  smoimt  of  hemoglobin  the  bands  arr  wider  and  may  become  confluent, 
and  finally  the  targett  part  of  chespcctrum  mavthus  become  dark.  Figs  13  and 
14  sliow  how  the  abMrrption-baiids  appear  in  solutions  of  yar^'iae  strcnetba:  from 
a  1  per  cent,  solution  (above)  the  concentration  projrressively  uinunishes  donm- 
ward  by  fiTadatiotis  of  0,1  per  c«tit  ,  until  at  O  O  the  fluid  ia  without  hemo- 
globin     The  thiclcness  of  the  layvrs  of  fluid  is  placed  at  i  cm. 

Spectroscopic  examination  of  small  blood-spots,   possibly  for  medico-tegal 

8urpose«i,  may  be  of  the  greatest  importance.  Often  a  minute  spot  ii  suflicient. 
^ssolved  with  one  or  two  dropc  of  distilled  water  it  may  t>e  introduced  loDsitu- 
dinally  in  a  thin  gloss  tube  t>cfore  the  narrow  slit  of  the  spectroscope,  and  the 
tiro  bands  of  oxyhemoglobin  appear. 

Preacrvcd  in  alcohol,  oxyhemoglobin  is  transformed  into  a  modification  in- 
soluble in  water  but  otherwise  iduitical.  namely  parahcmoglobin. 
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A  second  oxygen-containing  isomeric,  but  chemically  more  stal>le 
crystaJIiiable  combination  is  nwliu-moglobin.  whose  molecule  contains 
the  same  amount  of  oxygen  as  oxyliemnglobin.  hut  in  different  ar- 
rangement. Its  spectrum  closely  resembles  that  of  hcmatin  in  acid 
solution  (Fig.  15.  5).  The  hand  toward  the  red  is  the  hen viest,  while 
the  othere  are  narrow  and  are  in  part  designated  as  not  characteristic. 

Deaioiutratl«a.— I.  By  oxidizing  subatancts,  such  asox^ne.  potassium  iodid. 
chlijfal«s.  nitrates.  9-  By  rcdvvcing  substances,  such  (w  naweiil  hydrogen  and 
p>*ro;&Uol.  3.  By  indifieiwit  influ*TiP«.  such  as  prolonRctl  hinting  or  slow  d«sJC- 
C&tion  ot  th«  blood.  PoT&sMuni  iiormang.-inntct,  pola^LSiiim  [error}' njiid  and  (erri- 
cyanid  vxrrt  an  inimis«  elTect.  wnik  nitrites  transform  the  oxyhemoglobin  into 
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a  mixture  of  methcmoglobin  and  nitroecn-monoxid  hirmo^lohia.  Not  alone 
lske-£oh>ici  blood,  but  also  the  hcmoElobin  of  intact  erythrocytes  may  be 
transformed  into  metbeinoKlobin,  as,  lor  instance,  b>'  potae«ium  chlorate, 
snlifebrin  and  oth«r  substance!;,  and  also  by  intoxication  with  those  sub- 
stances- Often  both  conditions  arf  prfsrnt  in  combination.  The  occurrence 
vi  methemogtobtn  in  si^utions  in  the  blood-plasma  of  a  poisoni-d  individual  is 
detlgnated  mutlvntoplaimia.  and  the  occurrence  of  the  niet hemoglobin  in  the  pre- 
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served  blood  •corpuscles  maiKfnacytOiis.  Lesser  dcmcft  of  Die  latter  ma>'  tvcede 
Bpoatancoualy  in  ihe  body  without  tlistruction  of  Die  er>'thiocy1M.  Profound 
influences  resulting  in  the  production  of  met  hemoglobin  destroy  the  blood* 
corpuscles  and  re^iviire  trsn^ftision. 

Preparation  of  CiysWlfl.— To  the  eolutioo  of  isolaWd  erylhrogvlw  de«cribcd  on 
p.  37  is  added  double  its  volume  of  a  concentrated  wJuticn  o{  atnmomum  sul- 
phate, and  cva])Ofaiinn  ii  p«rmitt4.*d  to  take  plnce  in  ihc  coli).  Thi-rv  fcrm  brfun- 
ish-red  needles,  prisms  or  plnles  with  marked  tilf-ochroism.  Mt-tbrtnoglubin 
develops  in  part  spontaneously  in  the  body.  as.  lor  mstancc.  in  bloody  urine, 
in  the  sanifuinolent  contents  of  cysts,  in  old  cxtrariuuitcs  and  in  dried  bluod- 
cruiu.  The  addition  of  a  trace  of  ammonia  lo  a  solution  of  metfacmoglobin  pro- 
duces an  alkalitt  f<tluiwn  »/  methemogMrin.  which  exhibits  two  bands  sinular  to 
tboM  of  oxyhemoglobin,  but  of  which  Ihv  first  U  llu-  wider  and  extends  the  more 
toward  the  red.  If  «  rediKring  solution  of  ammotiium  sulphid  be  added  to  solu- 
tions of  mechemoglobiti,  reduced  hemoglobin  develops. 

CARBOW-MOWOXID  HEMOGLOBm  AND  CARBON-MOIIOXID 

POISONING. 
CarboK-ntonoxtd  kimcgloina  is  a  tnore  stable  combination  that)  the 
preceding  and  is  produced  when  carbon  monoxid  is  brought  into  con- 
tact ■with  hemoglobin  or  osy hemoglobin.  It  is  chcrry-red  in  color, 
not  dichroic.  and  it  exhibits  in  the  spectrum  two  al^rption-bands 
that  closely  resemble  those  of  oxyhemoglobin,  but  are  somewhat 
closer  together  and  more  toward  the  violet  (Fig.  15,  3).  It  can  be 
readily  recognized,  however,  from  the  fact  that  reducing  substances. 
which  influence  the  oxyhemoglobin,  do  not  dissolve  these  bands,  that 
is,  do  not  transform  the  carbon-monoxid  hemoglobin  into  reduced 
hemoglohin.  X  further  means  of  recognition  consists  in  the  sodium- 
test:  a  10  per  cent,  solution  of  sodium  hydroxid  added  to  carbon-mon- 
oxid  hemoglobin  and  heated  gives  rise  to  a  cinnabar-red  color.  The 
same  solution  added  to  oxyhemoglobin  produces  a  black-brown- 
greenish  mass.  The  spectrum- anal >tical  examination  and  the  sodium- 
test  permit  the  recognition  01  thrcc-tcnths  carbon-monoxid  hemoglobin 
mixed  with  seven-tenths  oxyhemoglobin. 

Cu-bOD-monoxid  h«inoglot>in  r«actioas;  Moditied  sodium-lest:  The  blood  is 
<li]uted  3o  tinier  an't  aii  pijuiil  amount  of  sodium  hyilroxul  of  a  ipecttic  gravity 
of  1.34  is  added  in  a  (est  tube.  Carbon-monoxid  blood  assumes  a  t>cauU- 
ful  red  color  after  addition  of  ammonium  sulphid— i  grams  of  nilphur  bcine 
added  to  too  grams  of  yeUinr  ammonium  sulphid — and  30  per  cent,  acetic  acid, 
while  normal  blood  asumed  a  creenish-sray  coloration.  Both  kind:t  of  blood 
exhibit  also  differences  in  color  ivhor  treated  as  follows:  Dilute  potassic 
hydrate  is  added,  and  then  a  few  drops  of  a  waterj'  sc-lutton  ■■!  pyrogallie  acid; 
tn«  mixture  is  shaken  at  Mice  and  permined  to  stand  protected  frcan  the  air. 
For  the  pur^iose  of  the  te«i,  blood  made  lake-colored  with  uaier  may  be  used, 
as  well  as  blood  in  which  the  rrx'throcj-tes  arr  preserved  by  addition  of 
concentrated  solution  of  sodium  sulphate  Three  cu.  cm.  of  blood  are  diluted 
witli  ,100  cu.  cm  of  water:  to  cu  cm.  ul  this  are  mixed  with  3  cu.  cm.  of 
a  per  cent,  solution  of  jnapc-niicar  and  a  cu.  cm.  of  saturated  sohition  of  barium 
carbonate  or  Itmc-waicr,  and  the  whotc  is  heated  almost  to  the  boiling-point. 
Prom  4  to  ^  volumes  nf  lead  acetate  added  to  the  blood  cause  a  distinct  oificx- 
encc  accordingly  a.i  'jAy^tn  or  carbon-monoxid  blood  i»  present. 

Oxidizing  mbstanc^,  ax,  for  instance,  xolutions  of  potassium  permanganate — 
0.015  P*'  cent.,  potassium  chlorate — j  per  cent.,  and  dilute  eh lorin -water,  rwnder 
K^tions  of  carbon-monoxid  hnnoglooin  eherrj-'red.  while  tbey  render  solutions 
of  oxyhemoglobin  pale  ^'cllow'.  Boih  varietiei  of  hemoglobin  thus  treated  acquire 
the  hands  ot  methemoglobin.  tbe  carbon-mom  ixiO  hemoglotiin  considerably  later. 
Subiovacnt  addition  ot  ammonium  sulphid  transforms  the  forms  of  hemoglobin 
Uiusaltaed  back  again  into  oxyhemoglobin  and  carbon-moncoud  hemoglobin. 

By  reason  of  its  greater  constancy  carixm-monoxid  hcmocloljin  resists  putre- 
faction for  a  long  time,  as  well  as  the  action  of  hydrogen  tulphid. 
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If  carbon  monoxid  b«  inspired  it  gradually  displaces,  volume  for 
volume,  the  oxygen  of  the  hemoglobin,  and  death  finally  results; 
looo  cu.  cm.  of  carbon  monoxid  will  kill  human  beings  if  breathed 
at  once.  Small  amounts  of  carbon  monoxid  in  the  air  (ni'cii^TVirr.).  how- 
ever, suffice  to  generate  comparatively  large  amounts  of  carbon-monoxid 
hemoglobin  within  a  short  time.  As  by  means  of  long- continued 
treatment  of  carbon- monoxid  hemoglobin  with  other  gases,  particularly 
oxygen. — passing  them  through — the  carbon  mnnoxid  may  be  grad- 
ually again  separated  from  the  hemoglobin,  with  the  re-formation  of 
oxyhemoglobin,  so  in  ibe  body  also  the  carbon  monoxid  is  eliminated 
through  the  respiratory  process  in  the  course  of  a  few  hours,  a  por- 
tion of  the  carbon  monoxid  apparently  being  oxidized  into  carbon 
dioxid. 

Poisoning:  with  Carbon  Monoxid. —Carbon  monoxid  results  from  tnrompkie 
conibu>.lioii  iif  cstrUin,  iis,  I'ur  instaiiff,  IhfouKh  iircmaturt'  fto&urt  ot  sim'C-valvea 
and  ba<lly  smoking  lampn.  It  cxrun  in  ilhiminatin^  gas  in  a  propanion  of  from 
i>  to  jS  per  ccnx.  At  cjirbon  monoxid  has  too  iinncE  as  grcjix  an  aflinity  for 
bemoglobin  3s  oxygen,  more  and  iiiuit'  uf  the  latter  is  dieplAved  fr«in  the  blood 
by  tHc  breathinK  ti(  «ir  ctmtaininj;  corbwi  monoxid.  and  life  naturully  car  continue 
only  SO  king  **  utiflicitnt  nxygon  is  convwed  bv  the  Hood  05  Ik  n^-cctsiny  to  mstin- 
tain  the  proopsscs  of  oxidiltauon  cssi-titial  lo'lifc  I)patb  occurs  amid  peculiar 
phoioroena.  ewn  bcfcirt  all  of  the  oxygen  is  expelled  from  the  bloud:  under  Hie 
moct  unfavorable  rircumstanceit  one-tiiLb  of  the  oxygen  will  Iw  retained  in  the 
blood. 

Applied  directly  lo  nerve  and  muscle  the  gas  has  no  influence  whatever. 
Actinj:   thri'Tigh   the   blood,   liQwi^vcr.   nhiminicnu   Bj>j>car   thut   are   indicative 

K'nurily  oj  stimulation,  but  »«;con<Ianly  ol  p^iralysu  of  the  nerv<m»  nyalem. 
US.  there  occur  at  tirst  fcvcrc  hcadach*-,  great  rvstlctsocsii.  excitement. 
uicreoMd  cardiac  and  rcapiratcry  activity,  salivation,  tremor,  twitching,  and 
spaam.  Later,  mental  contusion,  exhaustion,  drowsinesji.  and  paralysis  set  in,  and 
ewn  loss  of  oonsciousnegs.  laburud  Kt<^rt<irou«  bre.xthing.  finally  complete  Iobs  of 
sensibility,  cessation  of  brcithing  and  of  the  hrart-beat  and  death.  The  tem- 
perature at  the  beginning  exlitbiu  an  eleva:if<n  of  perhaps  a  fiw  lentlis  of  a  degre« 
t.;  then  there  (ollows  a  decUne  of  about  i'  C-  and  more.  The  piilje-b««t  at 
nnt  exhibits  increased  cncr^.  while  later  the  pulse  becomes  small  and  frequent. 

Carland-likc  consiricitons  of  the  vessels,  followed  later  by  marked  dilatation, 
with  hyperemia  oi  the  vi^era,  accoinijanted  by  a  fall  in  tha  blood-prcsavve. 
iiuiicate  primary  stimulation  and  cccondarj'  paral)-si3  of  the  vasomotor  center. 
Tbt  change  in  temperature  mentioned  is  to  be  referred  to  the  same  cau»c.  Thii 
would  also  explain  the  appe&rance  of  sugar  in  the  urine  sometimes  observed  — 
in  dORs  only  after  abundant  feeding  of  proteid.  After  the  intoxication  has  ter- 
minated the  excretion  of  urea  is  said  to  be  increased,  because  the  albuminates 
exhibit  a  greater  lemk-ncy  to  Jisititricnilion  In  cases  of  poisoning  the  great 
hypcretnia  of  the  viscera  with  fluid  cherty-rcd  blood  and  the  dilatation  o?  tbc 
vcsscte  are  conspicuous.  Turthcr,  there  arc  friability  and  aoftcniag  of  the 
brain,  mnrkcd  catarrh  of  Lhc  re5iiir;it'^r>'  organs  ami  ^^'amilar  ilr  general  ion  of  the 
musclec.  Ln-cr.  kidneys,  and  iplccn  appear  liypcrcmic.  Urge,  flabby,  in  a  state 
partlv  of  granular  and  partly  of  fattv  degeneration.  All  of  the  muscles  and 
viscera  exhibit  an  exquisite  ehfTri--red' color.  The  spots  of  postmortem  lividity 
are  hri{{ht  red. 

PoiMMied  pemms  if  sttll  living  should  be  at  once  brought  into  the  fredi  air. 
High  degrees  of  intoxication  demand  transfiision.  After  Teco\-ery  from  the 
potsoning,  sometimes  paralysis,  rarely  anesthesia,  trophic  disorders  and  derange- 
ment of  cereliral  activity  perwrt,  It  mixed  with  pure  («ygen  carlion  monoxid 
acts  less  rapidly. 

OTHER  HEMOGLOBm-COMBINATlOKS. 

Xitric-oxid  hemoglobin  is  formed  when  nitric  oxid  enters  into  com- 
bination with  hemoglobin. 

As  tilts  gas  in  contact  with  oxytien  is  at  once  transformed  into  nitrous  acid. 
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all  of  tJie  oxygen  must  first  be  removed  from  the  blood  and  the  apparaius,  possibly 
thpough  the  passage  of  hvdrogcn,  in  the  preparation  o(  nitnc-ojtid  beinoglobifi . 
For  this  reason  it  CAnaot  )>e  formed  vrithin  the  body.  Xithc-oxid  hemoglobin  ts 
n  still  more  active  chemical  combination  than  carl>on-Tiionoxid  hemoglobin.  It 
is  of  a  bluish -vnol Ft  color  and  in  the  spectrum  it  exhibits  two  absorption-bands, 
pretty  much  like  those  ol  tlie  two  other  gas-combinations,  but  lesa  intense,  and 
not  dissolved  by  reducing  substances. 

The  three  combinations  of  hemoglobin  with  oxygen,  carbon  niouoxid 
and  nitric  oxid  '}\isi  considered  crystallize  like  gas-free  hemoglobin. 
They  arc  isomorphous  and  their  solutions  are  not  dichroic.  All  three 
gases  unite  in  equal  amounts  witli  hemoglobin  and  they  can  be  ex- 
pelled in  a  vacuum. 

Hydrocyanic  acid  also'  forms  readily  decomposed  combinations  with  licmo- 
globin.  Thew  develop  in  cases  of  hydrocyanic-acid  poisoning,  and  thoy  «xJiiVit 
two  bands  that  Are  situated  somewhat  nearer  the  vi<i]tft  than  those  oi  oxyhemo- 
globin and  are  slowly  obliterated  bv  reducinf;  subsUnceit.  This  hydrooyanie-actd 
Hemoglobin  appears  to  consist  of  Kydrocyaoie  acid  plus  oxyhemoglobin.  Tiler* 
is,  besides,  a  furthrr  oombination  of  hydrocyanic  acid  with  oxy(fen-free  hemo- 
globin. 

DECOMPOSITION  OF  HEMOGLOBIN. 

Hemoglobin  can  be  decomposed  into:  (i)  inm-cuataining,  pig- 
mented henialin  and  (a)  albuminoid,  colorless  globin.  containing  sul- 
phur: (a)  by  addition  of  all  acids,  e\-en  feeble  carbon  diojtid  in  the 
presence  of  much  water;  (&)  by  strong  alkalies;  (c)  by  all  agents  that 
coagulate  albumin,  as  well  as  bv  heat  at  a  temperature  of  fmm  70°  to 
80°  C;  (d)  by  ozone. 

Hematin.^— CnH-N^FcO,  represents  about  4  per  cent,  of  the  hemo- 
globin in  the  dog.  It  is  of  blackish-blue  color  in  reflected  light,  brown 
in  transmitted  light,  insoluble  in  water,  alcohol  and  ether,  but  soluble 
in  dilute  alkalies  and  acids,  as  well  as  in  alcohol  containing  sulphuric 
acid  or  ammonia.  It  does  not  occur  within  the  body.  Hematin  thus 
developed  appears  In  an  amorphous  form,  although  it  has  also  been 
possible  to  produce  it  crystallired  in  needles  and  rhombic  plates. 
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resulta 


la  the  decomposition  of  hemoglobin  containing  ojcygen   hemati 
Ita.  oxygen  h«rjng  bound.     On  the  other  hand,  oxygen-irec  hemofil 


m  at  once 
obin  yielda 


m  a  similar  process  of  decomposition,  at  tnt  a  forenmner  of  hematm  deticient 
in  oxygen,  n.-jmely  purple-red  hemochromogen  (C^I-I»\'Fc,Ot>,  This,  however, 
is  troiufomicd  iniu  hematin  in  the  presence  of  oxygen  by  taJcing  up  the  latter. 
Hematin  therefore  represents  an  oxidization -stage  of  nemochromogen.     The  latter 
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subctance  Usolubi<^,^^■ith  ffxclusion  of  oxvften,  in  ditut«  allmlim.  with  thtt  fermation 
of  R  eherry-rfd  color  and  exhibiti*  two  al>wjr]ii«m-Vian(is.  namrly,  one  hrtweer 
Dand  E.  and  onoihcrand  nairourr  briuccn  E  and  b  (Fig.  jj,  j). 

Hfmoclirwoufgen  can  be  prepared  in  crystalline  fomi  by  mixuiK  upon  a  R!a«» 
<l>dc  one  drop  of  dctibrinaied  blucid  with  ont  drtip  of  pyndin  aiid  covrring  the 
whole.  The  preparation  exhibits  the  abKorptioit-bands  and  at  limes  also  small 
dyatals  arrangca  ia  the  form  of  stars  or  ehcaves.  In  che  bloody  extract  of 
spuit-preparaticns  no  longer  fresh  putn'faclion  ofU-ii  produces  the  beautiful  red 
b«iDOcbro[nogcn  in  alkaline  solution. 

Diliita  actds  in  aW'holK^  solutinn  withdraw  ihc  iron  from  tht-  lietnochromocen 
and  there  thus  results  hcmatoporphyrin  C„H„N,Oj.  which  is  isomeric  wtlh 
bihrubin,  and  a  pemianejii  in  the  air.  Tliis  can  also  be  prepared  from  hematin 
by  means  of  Htronu  sulphuric  ncid.  It  exhibits  in  add  solution  a  small  absorption- 
band  in  the  orange  and  a  wider  hand  in  tht;  vetlowish'greeri  (Fig.  i6.  i).  The 
spectrum  of  t)>e  same  substance  in  alkaline  solutions  is  sho»-a  io  Pig.  16.  1. 

Hemaiin  ucciira  in  solution  as — 

jA)  Htmoiin  in  acid  soiulion.  U  acetic  acid  b«  added  to  a  aolutkin  of  hcmo- 
elobui  the  latter  becomes  oiahogAny-brov.^  in  color,  as  becwtin  in  add  solution 
develops  and  is  recognixcd  by  four  absorption -bands  in  the  yellow  and  the  green 

(Pig-  IJ.  S>- 

(B)  If  this  solution  be  over-saturated  with  ammonia  ktmatin  in  alkaiine 
latuHon  develops,  exhibiting  an  absorption-hand  at  the  junction  between  the  red 
and  the  yellow  (Fig.  ii;.  0) 

(C>  Addition  of  rtdudng  agents  causes  dbappearance  of  this  band  and  pro* 
dtices  two  wide  biind^  in  the  yellow,  due  10  the  Tgduceil  lurmalin  thus  formed 
(Pig.  15,  7}.  and  which,  accordmg  to  IIoppc-S(.->-lcr,  is  identical  with  the  hemo- 
chiomogcn  in  alkaline  solution, 

Meiuulin  is  prepared  in  substance  hy  precijnlatioii  from  a  solution  of  hcmin 
in  a  weak  alkali  bv  addition  at  a  dilute  and. 

Hemoelohin  is  translonni^d  into  green  stilphur-mcthemoelobin  by  hydrogen 
Eulphid.  rhis  substance  also  causes  the  green  coloration  of  putrid  portionH  of 
the  cadaver. 

Hcmatin  when  rrduccH  in  alkaline  solution  with  tin  and  hydrochloric 
acid  yields  urobilin.  The  latter  results  likewise  through  the  action  of 
hydrogen  dioxid  on  acid  hereatin. 

Urobilin  is  occasionally  found  in  cysts,  exudates,  and  transudates  h  forms 
likcnive  in  sterile  blood  kept  at  the  lempcmtiirc  of  the  body. 


HEIMN    (HEMATIN   CHLORIDl ;    rDENTIFICATION  OF  BLOOD    BY 
MEAMS  OF  TUE  IlEMIN-TEST. 

Teichmann  prepared  in  1853  from  the  anhydrid  of  heraatin  crystals 
that  Hoppc-Scylcr  recognized  as  hematin  chlorid — Cj3H,oN,0»FeHCI. 
As  these  may  be  obtained  in  characteristic  form  even  from  traces  of 
blood  they  play  an  important  r4!e  in  forensic  medicine.  The  demonstra- 
tion of  their  presence  depends  upon  the  fact  that  the  hemoglobin  dried 
and  heated  with  an  excess  of  water-free  acetic  add — so-called  gl.icial 
acetic  acid,  which  must  bum  on  a  glass  rod  held  in  the  flame — and 
addition  of  sodium  chlorid  yields  hemin -crystals  (Figs.  17  and  iS). 
These  appear  in  the  form  of  small  rhombic  plates,  columns,  or  rods, 
although  ibey  probably  belong  to  the  monocUnic  system.  Not 
rarely  they  take  the  form  of  hemp-seeds  or  shuttles  or  paragraph- 
signs.  At  times  some  lie  crossed  or  in  tuftii.  In  cryfitallinc  form  the 
hemin -crystals  of  all  varieties  of  blood  examined  are  identical.  They 
aie  doubly  refracting,  appearing  yellow  and  glistening  under  the 
polarization- microscope,  in  contrast  with  their  dark  sunxiimdings. 
with  marked  absorption  of  the  light  parallel  with  the  longitudinal  axis 
of  the  cr>'stal.    They  are  plcochromatic.  that  is.  bluish-black  and  glisten- 
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ing  like   polished   steel    in    reflected   light    and    mahogany -brown    in 
transmitted  light. 

(l)  Frtfaration  fnmt  Dry  BJiKtJ-staiMt. — Sevvr^  particles  of  ihe  clrv  mass  are 
placed  upon  a  glau  slide,  two  or  three  drops  of  glacutl  acetic  »ciil  and  a  nitirate 
crytud  Ot  sodiuni  chlon<t  are  addeil,  and  after  the  coi-rr-alip  has  been  placed  in 
position  beat  is  carefully  applied  KTnr  distancr  abo%'r  a  spirit-lamp  until  a  niunbcr 
of  smal]  bubbles  form. '  On  cboling  the  crystab  will  be  visible  in  tbc  preparation 
{Fig.  18). 

(a)  Prtpttraticm  from  staiit  wpi'i  fvri.'Hs  bo<ii<s,  from  which  the  hemoglobiii 
cuuiot  be  Krftpcd.  The  jtained  iibject — fabric,  wood^ — is  extracted  with  a  dilul* 
solution  of  potassic  hydrate  and  then  with  water.  To  both  tillered  solutions  a 
«oIuti<.<n  of  tannic  odd' is  ad<ied.  and  nnallv  acetic  acid  until  an  acid  reaction  is  pro- 
duced. The  rexullinK  precipitate  is  wuhed  upon  a  tiller,  thcii  to  a  ptn-tion  tlMSVof 
upon  a  glass  slide  a  crystal  of  xudium  chlorid  is  added,  and  tbe  wbde  }»'''' 
Finally,  the  dried  object  is  treated  according  to  tbe  method  just  described. 

Cj)  Prtfarati^nt  ftLvi  Liq>iiJ  Btoo<i. — The  blood  should  always  have  been 
riouMv  dfi<K]  slowly  Mnd  carefully.  Then  the  process  is  continued  as  in  the 
method. 
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(4)  Prtfaration  ftvm  DHut*  S<iitttii»i$  Cantainiuf  Urma^i^H. — ^To  the  Suid 
ts  aad«d  ammomn,  next  tannic  acid  and  then  acetic  acid  until  the  reaction  is 
acid.  A  blackish  prttcipttatv  of  hrmaiin  tantvatc  forms  rapidlv.  This  is  washed 
upon  a  niter  witli  clistillcd  water,  then  dried  and  heated  in  toe  same  wsif  at  Mconl- 
ing  to  the  hrst  met  bod,  except  tbat  instead  of  ■odium  chlorid  a  cryslal  ot  amao- 
niiun  chlorid  is  added. 

Not  rarely  at  Irxst  snudl  hcmin -crystals  can  be  obtained  from  putrid  at>d  lake- 
colored  blood,  but  tutdersuch  circtunsiajurrs  the  test  often  fails.  I>ricd  with  irnn-H 
t\ut, as  upon  wraptns.  blood  uiMallyiK)  longer  >-icld9  the rractton.  Uoderracfa cir~l 
cunurtaiKcs  the  nutter  is,  according  to  ilnnrich  Rose,  scraped  awar  aad  boiled 
with  dilute  potassium-hydrate  solutioit.  If  blood  be  present  the  dissolved  benutia 
forms  a  flttid  that  in  tlun  layers  presentB  a  bile-green  color,  but  in  thick  layvn  » 
fedcokir. 

Uerafn-ciystals  have  been  denKnstrated  in  all  elanes  of  vertebrate^  as  well 
as  in  tbe  bloM  of  the  earth-worm.  From  sooic  kinds  ci  blood,  as.  for  instance, 
that  of  cattle  aad  of  swine,  only  irregular  masses,  acaicclv  rcco^iixablc  as  havinx 
csystaHiiae  form,  at  times  develop.  Hcmochrocnogen.  neiaatoporpbyrin.  blooa 
nibbed  with  und  or  aaimal  cbarcokl.  addition  of  certain  salts  oCiroa,  lead. 
mercury,  and  silver  and  Udk  prcx-cnt  the  development  of  the  reaction.  Tbe 
crystals  of  bemin  arc  ioaolttble  in  water,  alc<>bol,  cthi-r,  and  cbloroform.  They 
are  dissolved  by  concentrated  tulphuric  acid,  with  expulsioa  of  hydracUonc  add 
and  the  develcomeat  •  <1  a  \iolct-rv<l  color.  They  are  disaotved  by  dilate  altoiKei. 
If  a  sointioti  o(  liea)in-<T>-staIs  in  amnxmia  is  evapocawd.  then  heated  to  130*  C. 
next  treated  with  boiling  water,  which  rentovrs  the  ammonttim  chlorid  focmrd. 
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hematoporphyrin  results.  This  is  a  b]uish*black,  amorphous  powder,  becoming 
brown  when  rubbed.  Its  solutions  in  caustic  alkahes  are  djchroic :  that  is  broniiish- 
red  in  reflected  light,  gamel-red  in  a  thick  layer  with  transmitted  light  and  olive- 
green  in  a  thin  layer.     The  acid  solutions  are  monochromatic — brown. 

For  the  preparation  of  hemin-crj'stals  in  large  amount,  it  is  advisable  to  heat 
dry  horses'  blood  with  10  parts  of  formic  acid  until  bubbles  form.  If  the  hemin- 
crystals  are  suspended  in  methyl-alcohol,  they  dissolve  after  addition  of  iodin 
and  application  of  heat,  with  the  development  of  a  purple  color,  which  becomes 
brown  after  addition  of  bromin  and  green  after  the  passage  of  chlorin-gas.  AU 
of  these  exhibit  a  characteristic  appearance  in  the  spectroscope.  The  glacial  acetic 
acid  may  be  replaced  by  an  alcoholic  solution  of  oxalic  or  tartaric  acid,  and  the 
Bodium  chlorid  by  salts  of  iodin  or  bromin.  In  the  latter  event  bromin -hematin 
or  iodin-hematin  is  formed. 

HEHATOIDIN. 

An  important  derivative  of  hemoglobin  is  sorrel-cotored  hematoidin — 
CmH^N^O,  (Fig.  19),  which  fonns  in  the  body  from  hematin  through 
loss  of  iron  and  taking  up  of  water  when- 
ever blood  stagnates  foutside  of  the  circula- 
tion and  undergoes   decomposition,    as,    for 
instance,    in    apoplectic    extravasations     of 
blood,    in    coagulated  plugs  in  blood-vessels 
(thrombi).     It   develops   regularly  in  every 
Graafian    follicle  from    the    drop    of   blood 
poured  out  at  the  menstrual  rupture  of  the 
follicle.     It  is  free  from  iron,  crystallizes  in 
clinorhombic     prisms,     and     is     soluble    in         Fir„  .p— HcmatoMtin-ciyiiau. 
chloroform  and  in  warm  alkalies.     Probably 
it  is  identical  with  the  biliary  coloring-matter,  bilinibin. 

Pathological. — After  extensive  dissolution  of  blood  in  the  vessels,  as.  for 
instance,  after  transfusion  with  foreign  blood,  hematoidin- crystals  have  been  ob- 
eerved  in  the  urine. 

THE  COLORLESS  PROTEID  OF  HEMOGLOBIN. 

This  is  designated  globin  and  is  closely  related  to  histon. 

DemoDBtratioo. — A  solution  of  hemoglobin  is  made  feebly  acid  with  hydro- 
chloric acid,  then  one-tifth  volume  of  alcohol  is  added  and  the  mixture  is  shaken  with 
ether.  The  coloring- matter  is  taken  up  by  the  ether  and  the  globin  is  precipitated 
by  the  ammonia.  Hydrochloric  or  nitric  acid  likewise  precipitates  the  globin. 
which,  however,  is  redissolved  on  boiling.  Hematin  and  globin  are  probably  not 
the  sole  products  of  the  decomposition  of  hemoglobin.  As  hemoglobin -crystals 
can  be  decolorized  under  special  conditions,  it  is  most  probable  that  they  owe  their 
form  to  the  proteid  body.  On  introducing  hemoglobin-crystals  with  alcohol  in  a 
dialyzer  sturounded  by  ether  acidulated  with  sulphuric  acid  Landois  succeeded 
in  decolorizing  the  crystals. 

PROTEID  BODIES  HT  THE  STROMA. 

These  constitute  from  5.10  to  13.24  per  cent,  of  the  dry  red 
blood-corpuscles  of  man,  including  a  globulin  participating  in  fibrin- 
formation  and  possible  traces  of  a  sugar-forming  ferment.  Under 
special  conditions  it  has  been  observed  that  the  stromata,  coherent 
in  masses,  form  a  substance — slroma-fibrin — resembling  fibrin. 

L.  Bnuiton  has  found  in  the  nuclei  of  nucleated  red  blood -corpuscles  a  mucin- 
containing  body,  Miescher  nuclein  and  Kossel  histon  united  with  the  latter. 
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THE  REMAmniG  COWSTITUENTS  OF  THE  RED  BLOOD- 
CORPUSCLES. 

The  red  corpuscles  contain  further;  Ucithin,  lM^  per  cent,  in  dry 
erythrocytes;  urea,  equally  divided  between  erythrocytes  and  serum; 
ettolesterin,  0.151  per  cent.;  no  fats;  lactic  acid,  in  the  dog. 

Lecithin  and  cbolestcrin  can  be  oliiaincd  b}'  agitaliag  considerabk  amoitnts 
of  ftlTOma  nr  tSMlaicd  tiluod-cur^iuscks  with  eiher.  \i  the  ether  is  pcrmiHed  to 
evaporate  the  cliarttcterisiic  globular  myclin-fonns  of  lecithin  jind  the  crystoli 
of  <hol*«t<rnii  will  be  recogniied. 

Water,  &31.63  in  tbe  thousand. 

After  iil»trActioi]  of  concidrrablc  quAnlittr*  «f  blood  the  amount  of  V'al«r 
dhniniBhcs  and  the  amixint  of  Ary  siibsinnce,  as  u-cl)  as  the  ritro;;rn  of  the  er>'- 
thncytes,  increawi.  The  oj'jxisiie  eiTecl  is  brought  abi^ut  by  icfu.oon  of  phyci'o* 
logic  EiUt-colution. 

fnorgoiiu:  matters.  7.28  in  the  tbous.^nd.  particularly  combinations 
of  potassium  and  phosphoric  acid.  The  phosphoric  acid  is  derived 
only  from  con.sumcd  lecithin,  the  sulphuric  acid  in  large  part  from  the 
hemoglobin  consumed  in  the  analysis.  Some  manganese  also  is 
present. 

Blood-analysie. — One  thouaand  parts  by  weighc  of-borses'  blood  are  made  up 
u  follows: 

344-iS  parts  blood -cor  (Miscka,  with  138  of  lolida— 363  in  the  dog, 
£55.81  parts  plasma,  with  10  percent,  of  iiolids — 617  in  the  dof. 
One  thousand  parta  by  weight  of  moist  blood-corpusclca  are  made  up  as 
follows: 


Solids .1*7 -fl  (swiiw).  400.1 

(cattle). 4.15  (horse  , 
tc«ttl«),s&s  (*»<*«)• 

Wat*r,    ,.,,...                                        63*.!  (swine),  599  9 

Tb^  solids  tnclu<h-: 

1 

Hemoglubia z6t         (swine)  iSe.j      (cattle) 

Albumin, S6,  i 

107 

Lecithin,  cholcstcrin  and  Mhcrorgnnio  matter?.         1  ».o 

"      ',i      ■■ 

Inorganic  mailers.   ...        8.4; 

Incluiling  poiaiiiura.          .                       5'5*| 

0.747       '■ 

miigiiociiim,                                                       0.156 

0017 

ehlorin.                                                         1.504 

1*35 

phoapfaDric  acid..                                       1.067 

0,703       ■' 

sodium.             .                                           0 

JOOJ 

CHEMICAL  CONSTITUENTS  OF  THE  LEUKOCYTES. 

Leukocytes  irom  the  plasma  of  IjTnphatic  glands,  a&  well  ai  pus- 
corpuscles  contain  proteids  as  follows:  little  albumin.  alkali-albuminatA- 
and  an  albuminate  resemliling  myosin  and  coagulating  at  48",  two 
globulins  coagulnbl^  at  48.5°  and  75°  C.  respectively,  together  with 
senun-globulin,  peptone  and  a  coagulating  ferment,  further  consider- 
able nucleins  from  the  nuclei,  nucleo-liist«n,  little  glycogen.  lecithin, 
cerebrin,  cholesterin,  fats,  protagon,  inosite,  amido valerianic  acid. 

Lymphocytes  coniaiti  11.5  per  ecat.  of  dry  maHer.  In  loe  p-irts  by  weight 
of  dry  pus  there  are  o  ji6  earthy  phosphateg.  0.143  sodium  chlond,  0.606  sodium 
phosphate,  e.ios  potassium,  in  pari  in  the  form  of  mouopotassmm  phosphate. 
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THE  BtOOD-PLASMA  AND  ITS  RELATION  TO  THE  SERUM. 

The  unniotlilied  iluid  ui  the  blood  is  known  as  plasma.  In  this,  how- 
ever, there  separates,  generally  soon  after  escape  of  the  hlood  from  the 
vessels,  a  fibrillatcd  substance,  namely  ftWin.  After  this  separation, 
the  remaining  clear  fluid,  which  no  longer  undergoes  coagulation  spun- 
taneously,  is  known  as  serum.  The  plasma  is  a  clear,  tranEparent, 
•iomcwliat  consistent  Huid.  which  in  most  animals  is  almost  colorless, 
but  in  human  beings  is  yellowish  and  in  the  horse  of  citron-yetlow 
color. 

DEMOnSTRATION  OF  PLASMA. 

(A)  Without  admixture.  As  plasma  cooled  to  u  lempcracuTB  of  o"  C.  doex 
not  undergo coogulaiion,  the  blood  flowing  from  a  v*in— panicularly  of  the  Imrw. 
which  is  j»ccul:arly  i^tiitable  0x1  account  of  the  sJowness  at  ciweufw'"'"  and  ihe 
rapidity  with  which  wdimcntJilion  of  the  bkx>tl-ci)rpw»ck«  \:i\c.vi  place— is  received 
into  a  narrow,  Kraduaitd  cylinder  standing  in  a  cold  mixture.  In  the  blomi. 
which  mniiin»  fluid,  the  eryihr<x.ytcs  sink  to  the  bottom  within  a  few  hours,  and 
the  pluma  forms  above  a.  dcai  iluid.  which  can  b«  ivmuved  with  a  cooled  pipei. 
1(  this  IS  £unhcr  passed  through  a  hltcr  upon  an  icc-cold  funnel  the  plasma,  will 
aU'j  be  freed  from  leukocytes. 

The  amount  can  he  r«ad  from  lh«  graduated  cylinder,  but  only  approximately. 
because  of  the  presenoe  of  plaj(mnt>ctwtfen  the  sedimented  corjiusoltK.  If  heater), 
the  plasma,  in  bo  far  as  it  contains  Ifuktwyles.  is  transfonned.  through  the  forma- 
lioa  of  librin,  into  a  tremulous  jelly.  If.  however,  it  be  whipped  with  a  rod  thi; 
fibrin  will  be  obtained  aa  a  xlnniry  mass.  Plasma  free  from  leukocytes  it  aai 
citable  of  coagulation. 

U  the  amount  of  fibrin  in  a  volume  of  plMma  isolated  by  whipping  (varyinK 
between  o.;  and  lo  {n.T  cent.)  and  in  tJic  same  manner  the  amount  in  a  volume 
ol  blood  be  determined  the  two  results  atford  a  bosis  for  estimating  the  amount 
o(  plasma  in  the  blood. 

(B)  With  saline  admixture.  If  the  blood  Rofwing  from  a  vein  into  a  graduated 
cylinder  lie  mixed  with  agitation  vrith  \  volume  of  concentniied  solution  of 
sodium  sulphate  or  with  o.  35  per  cent,  solution  of  magnesium  sulphate 
(I  volume  to  4  volume*  of  blood"),  the  cells  sink  to  the  bottom  in.a  cool  placb. 
while  the  clenr  sii]ieruatxnt  laltmr  plasma,  which  can  t«e  measured,  is  pipetted  otT. 
If  Die  salt  be  rcmovril  from  the  plasma  by  means  of  the  dialyzer  coagulation 
takes  place.     The  same  result  is  brought  about  by  dilution  with  water. 

FIBRIN:  ITS  GEKERAL  PROPERTIES;  COAGULATION. 

Fibrin  is  the  substance  that  brings  about  coagulation  in  shed  blood 
as  well  as  in  plasma  and  likewise  in  lymph,  and  in  the  chyle,  by 
solidification.  If  the  fluids  mentioned  are  placed  at  rest  and  left  to 
themselves  the  fibrin  forms  innumerable  micmscopically  delicate  ( Fig.  9) 
doubly  refracting  filaments,  which  hold  the  blood-cells  together  like 
a  spider's  web,  and  with  the  cells  form  a  mass  of  gelatinous  consistency 
that  is  known  as  blood'dct  (placenta  sanguinis).  At  first  this  is  quite 
diffluent  and  it  is  only  in  the  course  of  from  two  to  fifteen  minutes  that 
a  number  of  filaments  appear  upon  the  surface  that  can  be  removed  with 
a  needle.  wWIe  the  interior  of  the  blood-mass  is  still  liquid.  In  a  short 
time  the  filaments  extend  throughout  the  entire  ma^s.  The  blood  in 
thb  stage  of  coagulation  has  been  designated  cruor.  Later,  in  the 
course  of  from  twelve  to  fifteen  hours,  the  threadK  of  fibrin  contract 
more  and  more  firmly  about  the  corpuscles,  and  there  then  results  the 
more  solid,  gelatinous,  tremulous  substance,  which  can  be  cut  with  a 
knife,  and  which  h.is  expressed  a  clear  fluid,  known  as  blood-serum 
{strum  sanguinis).     The  blood-clot  takes  the  shape  of  the  vessel  in  which 
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FIBRIN. 


th«  blood  lias  be«n  received.     By  solution  with  water  of  the  blood- 
corpusclcs  in  the  Itrokcn-up  bimid-clot  the  fibrin  can  be  isolated. 

If  the  blood -corpuscles  sink  rapidly  in  the  blood,  and  if  the  advent 
of  coagulation  be  delayed,  the  upper  layer  of  the  blood-clot  is  only 
stained  yellow  on  account  of  llie  absence  of  enclosed  erythrocytes. 
This  is  the  rule  with  horses'  blood,  but  it  has  been  observed  in  the  case 
of  human  blood,  particularly  when  inflammation  was  present  in  some 
part  of  the  body.  Therefnre.  this  layer  has  also  been  designated  cnisia 
fhlogistica.  Such  blood  is  richer  in  fibrin  and  therefore  coagulates  more 
slowly. 

The  cruslo  fonns  also  under  other  conditions,  but  tlic  cause  of  its  (ocmatlon 
is  not  uluiiys  clear.  Thus  it  occurs  wtum  the  specific  gravity  of  the  blood-cor- 
puscles is  increased  or  that  of  the  plumo  is  dtminiahcil.  as  in  cases  of  hydrctnia 
•lid  chWocis,  in  consequence  of  which  the  corpuscles  sink  more  rapidly,  and 
during  pregnancy.     The  tnller  and  narrower  the  vesael.  the  hiRher  is  the  crusta 

It  can  uo  readily  undersliod  why  the  Mood-clot  undergoes  grcaier  contmction 
and  appears  more  contrncted  in  the  neigtihorhood  of  the  unpigmcnted  \a.yvT  free 
from  corpuscles 

If  freshly  shed  blood  is  whipped  with  a  rod  the  filaments  of  fibrin 
that  form  collect  about  the  rod,  and  in  this  way  the  Itbrin  is  obtained 
as  a  fibrous,  jjrayish-yellow  mass  from  the  blood  now  Iwcomc  defi- 
brinated. 

The  plasma  exhibits  analogous  phenomena,  but  it  forms  only  a  soft, 
tremulous  jelly,  by  reason  of  absence  of  the  resistant  blood-corpuscles. 
The  pla.<mi3  undergoes  coagulation  only  when  it  contains  leukoc>*tes. 
If  these  be  removni  by  filtration  the  plasma  is  no  longer  coagulable. 

Although  the  fibrin  appears  voluminous,  it  constitutes  only  from 
O.I  to  0.3  per  cent,  of  the  mass  of  the  blood.  In  this  connection,  it  is 
noteworthy  that  in  two  different  specimens  of  the  same  blood  the 
amount  of  fibrin  may  varj*  considerably. 

Fibrin  i.-^  instilublc  in  water  or  ether.  Alcohol  causes  it  to  shrink  by 
dehydration,  while  hydrochloric  acid  causes  it  to  swell  and  assume  a 
vitreous  appearance,  with  transformation  into  syntonin.  In  the  fresh 
state  fibrin  is  tough  and  elastic.  If  dried,  it  becomes  horn-like,  trans- 
lucent, brittle,  and  pulverizable. 

Fresh  fibrin  is  capable  o(  actively  deeurnponn^f  hyilr»^en  dioKid  into  n-aUT 
and  oxysfii-  ,iusl  as  other  fresh  animal  or  re^able  tfs^nie  is  likewise  capable  of 
dmnjf,  Bi>ilc«l  or  preserved  in  alcohol  it  losm  tliis  power.  In  the  fresh  siatr 
it  is  soluble  in  from  li  1*1  R  m-r  rent.  Holuliimn  of  sodium  nitrale  or  sodium 
sulphate,  with  the  formation  of  ^lobulin^  and  in  dilute  alkalies  and  ammonia, 
wiln  the  formaiion  of  alkali- albuminate.  These  solutions  are  nut  coaK\i- 
latcd  by  hrat.  Abo  weak  solutions  of  huloid  salts  (Mwlium  chWid.  nmmonium 
chlorid,  pi'itAMium  iodid.  sodium  iodid,  sodium  tluorid.  ammanium  fliiorid)  dis- 
solve tibrin  .it  a  temperature  of  ^o",  a*,  (or  instance,  sodium-chlond  solution,  (ram 
;  to  10  p.trts  in  the  thousand,  vilh  the  production  of  globulin' bodivs  and  pro- 
peptone  Fibrin  from  swine  is  diswitved  by  05  \»r  eent.  hydriiehloric  acid 
and  also  by  malir.  oxalic.  but^Tic.  acetic,  citric,  and  lactic  acids:  (ibrin  from 
cattle,  with  greater  difiiculty.  Fibrin  expowd  to  air  for  a  considerable  time  is  not 
soluble  in  nitrtc  acid,  alihuugh  il  in  soluble  in  neurin.  As  a  result  of  putrefaction 
it  likewise  undergoes  solulinn.  with  the  formation  of  albumin.  Fibrin  contains 
lime,  iron,  and  magnesium. 

According  to  Schmiedeberg  the  fibrin  obtained  from  plasma  has  tha 
elementary  formula  C,„(H,a}NM&Oit.  while  blood-fibrin  has  the  following 
composition:  Ci^HimNmSOm  +  iH,0. 
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GENERAL  PHEROBCENA  ATTENDING  COAGULATION. 

Blood  does  not  undergo  coagulation  in  immediate  contact  with  the  living 
and  unaltered  vessel-ivall.  Therefore,  Brucke  was  able  to  preserve  unco- 
agulated  for  eight  days  blood  cooled  to  0°  in  the  still  beating  heart  of  dead 
turtles.  The  blood  coagulates  rapidly  within  the  dead  heart  or  vessels 
(but  not  in  the  capillaries)  or  within  other  channels,  as,  for  instance,  the 
urethra.  If  blood  stagnates  in  a  living  vessel,  coagulation  takes  place  in 
the  central  axis,  because  it  is  here  not  in  contact  with  the  living  vessel- 
wall.  Coagulation  is  of  the  greatest  importance  in  the  control  of  hem- 
orrhage from  injured  vessels,  which  otherwise  might  terminate  fatally. 
The  injured  and  necrotic  tissues  of  the  wound  and  the  vessel-wall  lead 
to  the  formation  of  the  occluding  thrombus  by  coagulation. 

If  the  vessel-wall  is  altered  by  pathological  processes,  as,  for  instance,  rough 
or  inflamed  in  consequence  of  a  lesion  of  the  intima,  coagulation  may  take  place 
in  such  a  situation  even  though  the  circulation  be  maintained. 

Coagulation  of  the  blood  is  prevented  or  retarded: 

(a)  By  addition  of  alkalies  or  of  ammonia,  even  in  small  amounts: 
further,  of  concentrated  solutions  of  neutral  salts  of  alkalies  and  earths 
— alkaline  chlorids,  also  sulphates,  phosphates,  nitrates,  carbonates  ; 
disodium  phosphate  in  3  per  cent,  solution,  soluble  salts  of  calcium, 
strontium  and  barium  dissolved  in  the  blood  to  the  extent  of  0.5  per 
cent.  Simultaneous  addition  of  sodium  chlorid  inhibits  coagulation  in 
still  further  degree.  Magnesium  sulphate — i  volume  of  a  28  per  cent, 
solution  to  3i  volumes  of  horses'  blood — acts  most  effectively  in  inhibit- 
ing coagulation. 

(6)  By  precipitation  of  the  calcium  by  means  of  oxalic  acid. 

Feeble  acids  also  exert  an  inhibiting  effect.  Thus,  coagulation  ceases  after 
addition  of  acetic  acid  to  the  point  of  producing  an  acid  reaction.  The  presence 
of  a  large  amount  of  carbon  dioxid  likewise  retards  coagulation;  therefore,  venous 
blood— and  also  the  blood  after  asphyxiation — coagulates  more  slowly  than  arte- 
rial blood. 

(c)  By  addition  of  egg-albumin,  sugar-solution,  glycerin,  soaps  or 
much  water.  If  uncoagulated  blood  be  brought  in  contact  with  a  layer 
of  already  separated  fibrin  coagulation  is  retarded. 

{d)  Cold  {0°  C.)  retards  coagulation  for  as  long  as  an  hour.  If  blood 
be  permitted  to  freeze  at  once,  it  will  still  be  liquid  on  thawing,  when  it 
undergoes  coagulation.  Coagulation  is  retarded  also  when  the  shed 
blood  is  exposed  to  high  pressure ;  likewise  when  it  is  brought  in  con- 
tact with  foreign  substances  to  which  it  does  not  adhere,  as,  for  instance, 
anointed  substances. 

(e)  The  blood  of  embryo  birds  does  not  coagulate  at  all  before  the 
twelfth  or  fourteenth  day  on  account  of  the  absence  of  fibrin-forming 
cells,  and  that  of  the  hepatic  veins  but  slightly.  Blood  from  the  dog 
passed  only  through  the  heart  and  the  lungs  does  not  coagulate  for  a  long 
time.  Blood  from  the  renal  vein,  also  blood  cut  off  from  circulation 
through  the  liver  and  intestines,  does  not  coagulate  at  all.  Fetal  blood 
at  the  moment  of  birth  coagulates  early,  but  slowly,  as  the  amount  of 
fibrin  it  contains  is  small.  Menstrual  blood  exhibits  a  slighter  tendency 
to  undergo  coagulation  if  admixed  with  a  considerable  amount  of  alkaline 
mucus  from  the  genital  canal. 
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If)  la  cases  oi  bttfUti'  dis^att — hfmoj>htli« — coa^lation  appetm  lo  he  ^-srtx- 
ing  on  account  o(  defidency  in  the  librin-cerwrators.  in  coowqwence  o(  which 
vounds  of  th«  vessel*  are  ntrt  i)celuil*d  l^y  nhnnmi*  llirombi.  The  pepue  Jfrm.-Ml 
of  Ihe  pancreas  dissolved  iu  jilycrrin  anil  inM-cu-d  inlo  ihc  Wood  inhibits  its  (x>aj;u- 
lation.  iU  does  alM)  tlie  diastuiu  fermeni.  Schmidi-MuUieim  noted  tbe  same  rei.ult 
«(ler  injirclion  of  pwe  ptptun^  mtn  the  blood  of  dcig*— o  5  grAni  to  1  kilo  oJ  doj;. 
and  1.5  of  rabbit.  This  is  ellfcclivr.  hoivcvcr.  only  in  the  presence  o(  the  hver. 
The  buccal  secretion  «(  the  leech,  ilicpoisonof  viiH-rsand  the  highly  toxic  mbRliincc 
ill  tb«  tenia  of  eels'  titood  likewise  inlitbit  coagulation. 

Coagulation  is  airceleraied: 

(a)  By  contact  with  foreign  substances  to  which  the  blood  adheres, 
as,  for  instance,  threads  and  needles  introduced  into  the  veins.  Also 
the  entrance  of  air-bubbles  into  tlie  vessels  or  the  passage  of  other 
indifferent  gases,  as,  for  instance,  nitrogen  and  hydrogen,  exerts  an 
accelerating  effect.  Removed  frotn  the  vein,  the  blood  coagulates 
quickly  on  the  walls  of  the  container,  on  its  surface  exposed  to  the  air. 
on  the  rod  with  which  it  is  whipped,  etc. 

{b)  Many  products  of  tlie  retrogressive  mttamorpkosis  of  albuminates. 
including  uric  acid,  glycin.  taurin,  leucin.  tyrosin.  guanin.  xantliin, 
hypoxanthin  (not  unca),  as  well  as  the  biliary  acids,  further  lecithin, 
cholin  Iiydrochlorate.  protagon,  accelerate  coagulation  through  in- 
creased ferment-formation.  Added  in  excess,  however,  they  exert  an 
inhibiting  effect.  Solutions  of  gelatin  injected  into  the  veins  catise  the 
blood  to  coagulate  almost  instantly  after  escape  from  the  vessels. 

(c)  If  hemorrhage  takes  place  rapidly  the  last  amounts  of  blood 
coagulate  earliest.  Fresh  fibrin,  if  permitted  to  remain  for  a  consider- 
able time  in  blood,  is  again  dissolved  in  pan. 

(rf)  Heating  to  a  temperature  of  frotn  39**  to  55*  C.  accelerates 
coagulation . 

In  the  shed  blood  of  man  coagulation  begins  in  the  course  of  three 
minutes  and  forty-five  seconds;  in  that  of  woman  after  two  minutes 
and  thirty  seconds.     Hunger  exerts  an  accelerating  effect. 

Amoog  vert«hrates  the  lilocd  of  birds  coaculates  almost  instantly,  that  of 
cdd-Mooded  animnli:  diittTnclly  mor*  slowly,  while  the  blood  of  mammal'ii  owiniea 
an  intermediate  poeitinii  The  liliwid  of  iiivertBbrates,  which  mostly  is  colorb^ss. 
forms  a  soft,  white  fibrinous  eoaguium. 

As  the  proc-ess  of  coagtitation  involves  a  change  in  the  aggregate 
state,  heat  demonstrable  with  the  thennometer  must  be  set  free. 

In  blood  removed  from  a  vein  the  degree  of  alkalinity  diminishes 
up  to  the  point  of  completeii  ojagulation ,  jjfobably  from  the  formation 
of  acid  in  the  blood  as  a  result  of  decomposition-processes. 

In  the  process  of  coagulatioo  a  diminution  in  the  amount  of  oxyxen  in  ihe 
blood  has  been  observed,  although  tbib  lakes  place  also  iu  blood  that  bac  not  >-et 
undergone  coagulation.  There  ic,  hke«ise.  elimination  of  traces  of  ammonia. 
Both  |>riicefifltfS,  however,  appenr  not  to  stand  in  causal  relalinn  with  the  formation 
of  fibrin. 

HATURE  OF  COAGULATION. 

Alexander  Schmidt  discovered  in  1861  that  coagulation  is  a  fermen- 
tative process  that  consists  in  the  transformation  of  the  soluble  albumin 
of  the  plasma  into  the  solid  substances  of  the  fibrin  through  the  activity 
of  an  enzyme  that  is  designated  fibrin-fentietU  or  thrombin.  This  pro- 
tdd  is  nothing  but  fibrincgen. 
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The  enzymes  or  hydrolytic  ferments  behave  in  common  in  the  organism 
in  such  a  manner  that  they  break  up  the  bodies  upon  which  they  act  into 
two  other  substances  by  taking  up  water.  It,  therefore,  appears  probable  that 
as  a  result  of  the  action  of  thrombin  decomposition  of  the  fibrinogen  into  fibrin 
and  a  lesser  amount  of  a  globulin-body  that  remains  liquid  and  that  Hammarsten 
has  designated  fibrin-globulin,  takes  place,  with  the  taking  up  of  water. 

Demonstration  of  Fibrinogen — C,|)H,ggN,oSO(i. — Pulverized  sodium 
chlorid  is  added  to  lymphatic  transudate  to  the  point  of  saturation. 
The  fluid  poured  out  into  the  serous  sac  surrounding  the  testicle 
(hydrocele)  is  especially  useful  for  this  purpose.  The  precipitated 
fibrinogen  is  collected  upon  a  filter.  This  substance  is  fotmd  also  in 
the  lymph  and  in  the  chyle. 

Saline  plasma  also  is  capable  of  precipitating  fibrinogen  by  admixture  of  equal 
volumes  of  plasma  and  a  concentrated  solution  of  sodium  chlorid.  For  purposes 
of  purification  it  may  then  be  dissolved  rapidly  and  repeatedly  in  a  dilute — 
8  per  cent. — solution  of  sodium  chlorid  and  again  precipitated  b^-  a  concentrated 
solution  of  sodium  chlorid.  The  fibrinogen  contained  in  the  sodium-chlorid  solu- 
tion is  precipitated  by  addition  of  water  and  is  rapidly  changed  so  that  it 
resembles  fibrin.  Fibrinogen  in  saline  solution  coagulates  at  a  temperature  oi 
from  53°  to  55°  C.  Solutions  free  from  salt  do  not  coagulate  if  quickly  brought 
to  the  boiling-point. 

Fibrinogen  behaves  like  globulin.  It  is  soluble  in  dilute  alkalies  and  it  is 
precipitated  from  such  solutions  by  the  passage  of  carbon  dioxid.  It  is  further 
soluble  in  dilute  solution  of  sodium  chlorid,  while  addition  of  large  amounts  of 
sodium  chlorid  causes  its  precipitation  as  a  soft,  viscous,  tough  mass.  It  is 
dissolved  also  by  dilute  hydrochloric  acid,  although  it  is  soon  transformed  into  a 
body  resembling  syntonin  (acid  albuminate).  In  the  fresh  state  it  actively 
decomposes  hydrogen  dioxid.     Its  specific  rotatory  power  is  52.2". 

Demonstration  of  Fibrin-ferment — Thrombin. — Blood-serum  from  cat- 
tle.which  contains  a  larger  amount  of  ferment  than  the  serum  of  camivora, 
is  admixed  with  twenty  times  its  volume  of  strong  alcohol.  The  result- 
ing precipitate  is  collected  upon  a  filter  after  the  lapse  of  from  two  to 
four  weeks.  It  contains  the  coagulated  albumin  and  the  ferment.  It 
is  dried  over  sulphuric  acid  and  reduced  to  powder.  One  dram  of  this 
powder  is  stirred  for  ten  minutes  in  65  cu,  cm,  of  water.  If  the  mixture 
is  not  filtered,  the  ferment,  dissolved  in  water,  alone  passes  through 
the  filter. 

Thrombin  is  formed  from  a  forerunner,  a  zymogen,  which  is  present  within 
the  leukocytes  and  is  designated  prothrombin.  Both  are  soluble  with  greater 
difliculty  in  an  excess  of  acetic  acia  than  globulins.  Even  small  amounts  of  the 
ferment  may  cause  coagulation  of  fluids  containing  fibrinogen  and  most  readily 
at  a  temperature  of  40°^  C.  Prothrombin  is  destroj*ed  at  a  temperature  of  65°, 
thrombin  at  a  temperature  between  70°  and  7  5°,  The  amount  of  ferment  formed 
in  the  blood  is  the  'greater  the  longer  the  time  that  has  elapsed  between  the 
escape  and  the  coagulation  of  the  blood.  Blood  flowing  directly  from  the  vein  in 
alconol  yields  no  ferment. 

Coagulation. — If  the  separate  solutions  (i)  of  the  fibrinogenous  sub- 
stance and  (3)  of  the  ferment  are  admixed  fibrin-formation  takes  place 
at  once.  The  most  favorable  temperature  for  this  is  that  of  the  body. 
A  temperature  of  o°  C.  prevents  coagulation,  while  the  boiling  tem- 
perature destroys  the  ferment.  The  amount  of  ferment  is  a  matter  of 
indifference.  Larger  amounts  cause  more  rapid,  but  not  increased, 
separation  of  fibrin.  For  the  formation  of  fibrin  the  presence  of  a 
certain  amotmt  of  salt  in  the  fluid  is  requisite — one  per  cent,  sodium 
chlorid.  Otherwise  the  process  takes  place  but  slowly  and  is  only 
partial.     The  presence    of  a  calcium-salt    favors    coagulation.     If   the 
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calcium  is  precipitated  by  alkali- oxalate  ttiis  prevents  coagulation, 
.ilthough  it  is  true  th.it  the  presence  of  a  large  amnunt  of  ferment  in  the 
blood  is  capable  of  ncutralizine  the  intiuenoe  of  the  calcium.  Fibrin- 
ogen and  fibrin  contain  equal  amounts  of  calcium.  Probably  the 
action  of  the  calcium  bears  some  relation  to  the  formation  of  the  til)rin- 
fennent,  for  the  plasma  contains  a  substance  that  exerts  a  mar, 
coagulative  effect  after  addition  of  calcium-salts. 

According  to  Kms«I  ami   Lilienfeld  the  K-uk'>nucl«iii  conlainpd  in  the-  niie! 
at  the  kiikocytcx,  and  the  nucleinic  actil  resulting  frTim  its  dccAinp<>»iLitin.  ■u.-celcfat* 
coxguIatirTi . 

If  coagulation  has  taken  place  in  the  plasma  of  the  blood,  all  of  the 
Ebrinogeiious  material  in  the  serum  is  utilized  for  the  formation  of 
fibrin.  On  the  other  hand,  fibrin-ferment  will  still  be  present  in  the 
serum  in  sufficient  amount.  Therefore,  if  blood-serum  be  added  to  a 
fluid  containing  fibrinogen,  as,  for  instance.  hydrocele>f1uid.  coagulation 
will  at  once  take  place  anew. 


SOURCE  OF  THE  FIBRINOGENOUS  SUBSTANCES. 

Alexander  Schmidt  has  found  that  both  fibrin-factors  are  formed 
from  the  destruction  of  leukocytes.  In  the  circulating  blood  of  man 
and  of  mammals,  the  tibrinogennus  substance  i-f  already  dissolved  in 
the  plasma  as  a  soluble  product  of  the  physiologic  involution- processes 
of  the  white  cells.  The  circulating  blood,  however,  contains  a  much 
larger  number  of  leukocytes  than  was  previously  believed.  As  soon  as 
the  blood  is  shed,  large  numbers  of  wliite  bI(jod -corpuscles  arc  dissolved 
— according  to  Alex.  Schmidt  71.7  per  cent,  in  the  honse.  The  decom- 
position-products dissolve  in  the  blood -plasma,  and  as  a  result  the  fibrin- 
ferment  develops,  to  a  certain  extent  as  a  cadaveric  product,  causinf ; 
the  separation  of  librin!  Accordingly  the  (ibrin-ferment  does  not  preexi 
within  the  uninjured  corpuscles.  Also  the  so-called  transitional  form. 
between  colorle«  cells  and  erythrocytes  in  mammalian  blood  furnish 
the  fibrin-factors  as  a  result  of  their  destruction,  which  takes  place 
immediately  nffer  escape  of  the  blood:  likewise  perhaps  also  the  blood- 
plates.  The  ferment  develops  with  the  escape  of  the  blood,  and  its 
formation  reaches  the  maximum  during  the  process  of  coagulation 
itself. 

The  inttuencc  at  adhesion  in  favoriiiK  cnagutaiiim  drpcods  upon    the  t 
that  OS  a  rMoU  the  Mo«d-con)U.*icIe»  nre  cnuu-d  to  Ktw  up  a  pMtion  (if  thcii 
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contents — phnstihoric  atid  ami  alk.ilinc  phifiphalrit— to  iht-  ptastna.  to  combin  _ 
with  soils  of  calcium  and  nukgiicetum  present  principally  in  tnc  plasma.  [(  lb* 
csletutn  b«  precipitated  from  the  liVxjd  by  means  of  oxalic  acid — 1  gram  of 
potasaium  oxalate  10  1  liter  oi  bl<>od — coaj^lation  no  lonRi-'r  lakci  place,  if,  how- 
ever, ciilciu  in  clilorid  tien};nin  uJd<-d  to  this  mixture  nuisiilAiton  will  remilt. 

In  the  blood  of  nm|>hi>>in  and  birds  it  ie  tlw  roil  blood -eorpuscles  that  after 
escape  undergo  deal,  met  ion  in  l-irst--  iiiitn^«.'rs  and  (iiniisji  ihe  f.brin -forming  mate- 
riaU.  In  the  hlrcwl  of  ihfM-  aniiiiaU  .Alex.  Sthiiiidt  cmi-ino.-'l.  hiiiiM.-l[  »t  the  uimc 
time  that  also  the  fibrinoxrncius  ;i\it«tHnct.-  wns  originally  a  constituent  of  the  blood- 
corpusdes. 

It  is  thus  clear  that  as  soon  as  the  librin-factors  pass  into  solution  in 
consequence  of  dissolution  of  the  blood -corpuscles  ttie  separation  of 
fibrin  must  take  place  through  the  combination  of  the  two  substances. 

If  eonsi<t«R)li1(f  ummintA  irf  leuki<cytcs  are  introdwevd  into  the  circulation  of 
an  animal  thry  an*  qurckly  dissolved  in  large  numbers  tn  the  blo<^.  h>  that  even 
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death  may  take  place  in  consequence  of  widespread  coagulation.  If  the  animal 
survive  immediate  death  by  reason  of  the  moderate  extent  of  coagulation,  the 
blood  subsequently  will  be  wholly  incoagulable  in  consequence  of  the  absence  of 
leukocytes. 

All  protoplasmic  structures  may  in  combination  with  plasma  set  the 
fibrin-ferment  free.  The  nitrogenous  metabolic  products  of  proteids 
are  likewise  capable  of  producing  fibrin-ferment  in  plasma  free 
from  cells.  These  latter  active  substances  can  be  extracted  from  the 
tissues — cells  of  the  liver,  the  spleen,  the  lymph-glands,  red  and  white 
blood-corpuscles,  frog-muscle — by  means  of  alcohol.  If  after  alcoholic 
extraction  the  residue  of  such  tissues  is  extracted  with  water,  this 
watery  extract  absolutely  inhibits  coagulation.  The  substance  thus 
extracted  by  water  is  designated  by  Alex.  Schmidt  cytoghbin,  which  is 
the  forerunner  of  fibrinogen  and  also  of  senim-globuHn. 

In  accordance  with  the  preponderance  in  the  plasma  of  either  of 
the  substances  capable  of  extraction  with  alcohol  or  cytoglobin,  coagu- 
lation is  induced  or  inhibited  respectively.  Within  the  living  body  the 
inhibitor}'  action  of  the  cells  preponderates,  while  outside  the  body 
the  coagulating  effect  is  operative.  Those  substances,  such  as  the 
cytoglobin,  that  inhibit  coagulation  within  the  circulation  furnish  out- 
side of  the  body  the  material  for  the  formation  of  fibrin.  As  Alex. 
Schmidt,  after  addition  of  cytoglobin  to  filtered  plasma,  induced  coagu- 
lation by  addition  of  extractives  in  large  amount,  the  amount  of  fibrin 
was  more  than  doubled.  The  blood  retains  its  fluidity  in  the  circulation 
as  long  as  the  amount  of  cytoglobin  exceeds  that  of  the  proteid  metabolic 
products  of  the  tissues.  The  blood  may,  however,  remain  fluid  also 
because  both  of  these  do  not  pass  over  into  the  plasma. 

Pathological. — From  the  investigations  of  Alex.  Schmidt  in  collaboration  with 
his  pupils  Jaknwicki  and  Birk,  it  has  been  shown  that  even  healthy  functionating 
blood  contains  some  fibrin- fennent  from  the  destruction  of  white  blood -corpuscles 
normally  undergoing  dissolution,  and  in  greater  amount  in  venous  than  in  arterial 
blood.  Nevertheless,  it  is  always  more  abundant  in  shed  biood.  The  fact,  how- 
ever, is  particularly  noteworthy  that  the  amount  of  fibrin- ferment  in  the  blood 
in  cases  of  septic  fever  may  increase  to  such  a  degree  that  spontaneous  coagulation- 
thrombosis  takes  place  and  even  terminates  fatally.  .-Xftcr  injection  of  putrid 
matters  leukocytes  are  dissolved  in  largt;  number,  but  the  ferment  is  present  rather 
abundantly  also  in  the  blood  of  febrile  patients  generally.  .VIso  injection  of  pep- 
tone, of  hemoglobin  and  in  lesser  degree  of  distilled  water  is  followed  by  dissolution 
of  numerous  leukocytes.  There  are  thus  true  blood -diseases  in  which  the  products 
of  the  dissolution  of  the  leukocytes  accumulate  in  the  hlood-plasma.  In  conse- 
quence, spontaneous  coagulation  naturally  occurs  within  the  circulatory  organs,  and 
as  a  result  death  may  even  be  brought  about.  At  least  febrile  elevation  of  tempera- 
ture usually  takes  place.  At  the  termination  of  such  conditions  the  coagulability 
of  the  blood  is  naturally  diminished. 

Wooldridge  showed  that  a  fibrinogen — lissit'r-fihrinngeii — occurs  in  the  chyle  and 
in  the  lymph  as  a  product  of  the  lymphatic  glands.  In  human  beings  in'  whom 
blood-stasis  exists  in  any  part  of  the  body,  coagulation  may  take  place,  with 
the  formation  of  thrombi,  through  admixture  of  lymph,  as  a  certain  ;imount  of 
ferment  is  already  present  in  the  blood.  The  intestinal  mucosa,  the  skin,  and  the 
lungs  also  appear  to  produce  small  amounts  of  lihrinogen  constantly,  while  the 
liver  and  the  kidneys  constantly  destroy  it. 

RELATIONS    OF    THE    RED    BLOOD-CORPUSCLES     TO     FIBRIN- 
FORMATION. 

After  it  had  been  determined  by  a  number  of  investigators  that  also 
the  erythrocytes  of  birds,  of  the  horse,  of  the  frog,  may  contribute  to  the 
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production  of  fibrin.  Landois  was  able  in  1874  to  follow  directly  under 
the  microscope  the  transformation  of  the  stromata  of  the  red  blood-cor- 
puscles of  mammals  into  Bbrin-fibers.  If  a  drop  of  defibrinated  rabbit's 
olood  be  introduced  into  frog's  serum,  without  agitation,  it  will  be 
observed  that  the  erj'throcytes  attach  themselves  to  one  another.  They 
become  viscous  upon  the  surface,  and  on  pressure  on  the  cover-slip  ii 
will  be  seen  the  adhe<iiDn  can  he  broken  up  only  with  a  certain  amount 
of  force,  the  adjoining  surface^!  of  the  swollen,  globular  corpuscles  often 
being  drawn  out  into  threads.  Even  after  the  process  has  been  in 
operation  for  a  short  time,  all  of  the  CDrpuscles  are  transformed  into 
globules  of  lesser  diameter  and  those  lying  nearest  the  peripherj-  permit 
their  hemoglobin  to  escape.  The  decolorization  progresses  from  the 
periphcr>'  of  the  drop  to  the  center,  and  finally  only  a  coherent  mass  of 
stroma  remains.  The  substance  of  the  stroma  exhibits  great  tenacitv. 
At  first  the  round  contours  of  the  individual  blood -corpuscles  can  still 
be  recognized,  but  as  soon  as  a  current  is  set  up  in  the  surrounding  fluid 
by  pressure  upon  or  movement  of  the  cover-glass,  the  stroina-mass 
becomes  agitated  to  and  fro  and  the  stromata  Ijing  close  together  and 
adherent  to  one  another  become  drann  out  into  delicate  hlamcnts  and 
bands,  with  simultaneous  disappearance  of  the  previous  contour  of 
the  cells.  In  this  way  the  formation  of  fibrin-filaments  (rora  the  stro- 
mata of  the  red  blood -corpuscles  can  be  followed  step  by  step.  Erythro- 
cytes from  human  beings  and  from  animals  undergoing  dissolution  in 
the  scrum  of  different  animals  often  exhibit  the  same  phenomena. 

Stromfl-IibrUi  can  be  prepared  also  in  the   foUon'ing  simple  manner:  A  one 
per  cent,  solution  i>f  sodium  chlorid  is  shaken  in  »  reagent- glass  with  ether  and 
a  (ew  drops  of  dotihnnated   hlood.      The  mixture  «fton   bceomes  lake-cnlored. . 
l*Ht  Rsidc  the  i-tlirr,  which  rises  to  the  lop.earTies  with  it  the  filamentous  stroma* 

liUrin  TO  the  surface  of  the  fiuid. 

Stroma-fibrin  and  Plasma-6brin. — Landois  has  designated  slroma- 
fihriH  that  which  arises  directly  from  the  stroma  of  the  erjnhrocytes. 
On  the  other  hand,  the  fibrin  that  is  produced  through  the  combination 
of  the  fibrin-factors  dissolved  in  the  coagulating  fluid — plasma — is 
plasma-fibrin,  or  onlinary  fibrin.  Both  designations  are  fully  justified, 
if  only  to  indicate  the  mode  of  origin  of  the  fibrinous  ma&s. 

Substances  that  cause  rapid  dissolution  of  the  erythrocytes  bring 
about  extensive  coagulation,  as,  for  instance,  injection  of  bUc  or  salts 
of  the  biliar)'*arid&.  or  of  lake-colored  blood  into  the  veins.  The 
effective  agent  under  these  circumstances  is  the  stroma,  through  the 
development  of  the  ferment,  and  in  lesser  degree  the  hemoglobin.  As 
foreign  blood  after  in)ection  often  undergoes  rapid  disintegration  in  the 
blood-stream  of  the  recipient,  extensive  coagulation  is  often  obs€r\'cd 
under  such  circumstances,  while  at  the  same  time  the  individual 
smaller  vessels  are  often  occluded  by  plugs  of  stroma-fibrin. 

CHEMICAL    CONSTITUTION   OF   THE    BLOOD-PLASMA    AND    THE 

SERUM. 

The  proteids  constitute  about  Sor  10  percent,  of  the  plasma.  Of 
these  only  about  0.2  per  cent,  are  bodies  producing  fibrin.  If  these  be 
eliminated  through  the  process  of  coagulation,  the  plasma  is  trans- 
formed into  serum.  The  specific  gravity  of  human  serum  is  betiA-een  1027 
and  1029.    The  blood-plasma  contains,  besides,  the  following  proteids: 


I 


SERUM-ALBUMIN,    SERUM-GLOBULIN.  73 

(a)  Serum-albumin — Ct,H„(,N„S0j4 — from  3  to  4  Per  Cent. — Its  per- 
centage-composition is  C  53.1,  H  7.1,  N  15.9.  S  1.9,  0  22,  Ash  0.22.  Its 
coagulation-temperature  is  from  51°  to  S3°C.;  its  specific rotatorj' power 
— 61*.  In  the  horse  and  the  rabbit  it  cr3''stallizes  in  hexagonal  prisms, 
with  a  pyramid  upon  one  side.  The  crj-stals  are  doubly  refracting, 
up  to  I  cm.  in  length,  and  are  coagulable  by  heat. 

It  is  a  remarkable  fact  that  serum-albumin  is  absent  from  the  blood  of 
starving  snakes  and  it  makes  its  appearance  only  after  feeding. 

(6)  Serum-globulin — also  known  as  fibrinoplastic  substance  or  para- 
globulitt  and  also  as  serum-casein — from  2  to  4  per  cent.  If  magne- 
sium sulphate  in  substance  is  added  to  serum  to  the  point  of  saturation, 
serum-globulin  is  precipitated  at  a  temperature  of  35°  C.  It  is  washed 
upon  a  filter  with  concentrated  solution  of  magnesium  sulphate.  It  is 
soluble  in  a  10  per  cent,  solution  of  sodium  chlorid,  and  coagulates  at  a 
temperature  of  from  69°  to  75°  C.  Its  specific  rotatory  power  is — 47.8", 
and  its  formula  is  C,,7H,7,NjoSO,,. 

After  precipitation  of  the  serum -globulin  from  the  serum  by  means  of  mag- 
nesium sulphate  the  scrum-albumin  is  precipitated  by  further  saturation  with  so- 
dium sulphate.  Neutral  ammonium  sulphate,  added  to  the  point  of  saturation, 
precipitates  all  of  the  proteids  of  the  blood-serum,  and  also  those  of  egg-albumin 
and  of  milk  ;  further,  propeptone,  but  not  peptones.  Globulin  can  be  precipitated 
also  by  dialysis  of  the  serum,  as  it  is  insoluble  in  solutions  free  from  salt. 

During  hunger  the  amount  of  globulin  increases,  while  that  of  albumin  dimin- 
ishes. After  abstraction  of  blood  the  amount  of  globulin  in  the  blood  increases. 
Paraglobulin  occurs  also  in  erythrocytes,  as  well  as  in  the  fluids  of  the  connective 
tissue  and  the  cornea.  According  to  von  Jaksch,  100  cu.  cm.  of  blood  contain 
22. 6a  grams  of  albumin,  while  an  equal  amount  of  serum  contains  more  than  8 
grams.     The  latter  figure  varies  under  pathological  conditions. 

Fats — from  o.i  to  o.a  Per  Cent. — Neutral  fats — stearin,  palmitin, 
olein — occur  in  the  form  of  minute  microscopic  droplets,  whose  presence 
often  renders  the  serum  of  a  milky  turbidity  after  abundant  ingestion 
of  fat  and  also  of  milk.  They  are  more  abundant  during  hunger  and 
in  drunkards.  There  occur,  besides,  soaps,  lecithin,  and  its  decompo- 
sition-product, glycerin-phosphoric  acid,  and  cholesterin.  Hurthle 
found  cholesterin  oleate  and  palmitate — 0.17  per  cent.  According  to 
Hanriot  a  ferment,  known  as  lipase,  occurs  in  blood  and  which  breaks 
up  neutral  fat  into  glycerin  and  fatty  acids.  Lipase  is  found  also  in  the 
pancreas  and  in  the  liver,  and  traces  also  in  some  other  parts  of  the 
body. 

A  certain  amount  of  grape-siigar — from  0,1  to  0.15  per  cent.,  some- 
what more  in  the  blood  of  the  hepatic  veins,  derived  from  the  liver  and 
the  muscles  and  increased  after  loss  of  blood;  some  glycogen — increased 
in  cases  of  diabetes;  a  trace  of  animal  gum,  a  reducing  substance, 
insusceptible  of  fermentation  and  soluble  in  ether,  jecorin,  which  is  a 
combination  of  dextrose  and  lecithin  ;  a  dextrose-forming  diastatic  fer- 
ment, inactive  at  a  temperature  of  65°  C.  For  a  discussion  of  the  sugar- 
destroying  power  of  the  blood  reference  may  be  made  to  the  section  on 
the  liver. 

The  amount  of  sugar  in  the  blood  is  increased  by  absorption  of  sugar  from 
the  intestinal  tract,  and  in  p-eatest  degree  in  the  blood  of  the  portal  and  hepatic 
veins.     It  is  increased  also  m  arterial  blood,  although  liere  it  is  rapidly  changed. 

For  purposes  of  demonstration  blood  is  coagulated  by  boiling  after  addition  of 
sodium  sulphate,  and  the  amount  of  sugar  in  the  expressed  liuid  is  determined 
with  the  aid  of  Fehling's  solution.     Pavy  digested  the  blood  thrice  successively 
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with  ibt  cimtH  it*  volume  ol  »lci>hi>).  then  boileil  and  «X)>rt;«ied  Uie  product.     The 
extr&ct.  wliicb  i>  evapciratcd.  contitins  all  of  the  sugar. 

Kreatin.  urea — during  hunger  o.ojj  per  cent.,  in  the  stage  of  maxi- 
mum formation  0.153  per  cent, :  ^l  timesi succinic  acid,  kippttric  acid.anA 
urk  acid  (i  :  6000  in  gouty  individuals);  giianin  (f  carbamic  acid):  in 
the  blood  after  death  also  sarcotactic  acid,  All  of  these  are  present  in 
exceedingly  small  amount, 

! iiLiT^aini  imiUcrs  —  0.85  i>er  cent.;  principally  sodiuin-com^biiia- 
tions.  The  amount  of  salts  is  increased  by  a  meat-diet,  while  it  is  dimin- 
ished by  a  vegetable  diet.  Ammonium  is  present  in  the  proportion  of 
I  mg.  to  100  cti.  cm.,  and  three  or  four  limes  as  abundantly  in  the  blood 
of  the  portal  vein. 

Human  hlood-senim  contains  the  following  salU  : 


Sodium  chlorid. 
Sodium  sulphaic, 
Siidium  carl"unate. 
Sodivim  jihosphate, 
Cnlchim  phospjiatf .  1 

Magnvsturn  phosphaltf.  J 


4.9]  in  1000. 

.01        ■■ 
.0.5       - 


^n^Thr  Alkfilittr  n-nction  nt  thv  sintm  d*>pcnds  principally  upon  the  eoditim  ear- 
~~mXe  prL-s..-m       ll  i*  o«ly  half  that  of  ihe  hlood. 

Thi:  c<-rtiin  of  hlixvl  contnininj;  ruTltim  dioxid  in  large  amount  cxhiliils  a  more 

fronounwd  alkalmt-  ppaction  and  ihr  amoimt  of  chlohn  conlainotl  i;  diminished, 
his  is  dtijendem  upon  the  fact  that  hydrochlonc  acid  and  wai«r  enter  the  blood- 
COTpUKcIrx.  while  the  alkali  remiimi  )it;hmd 

[f  salts  in  ixm  si  derail)  c  amount  arc  imroducrd  inio  the  blood,  thir  larger  amount 
disappears  in  the  course  of  a  few  minutes,  diffusing  principally  into  ilic  tissues 
Gradually  they  ure  climinatnl  honi  the  b<>t]y  thruu^h  the  kidnuys.     The  »auitt 
statement  is  applicable  to  sugar  and  peptone. 

Water — about  90  per  cent. 
YeHcrdnsh  pigments. 

One  pigrnent  can  V>e  teparated  by  agitation  with  methvl-alenlio!  U  exhibita 
Wro  abfiorpii'm-liunds  of  lip<xhrome.  lifer  lulrtn  H>-dr"(>ilinit)m  was  finmd  I>y 
Haly.  attd  cholciclin  bv  MacMunn. 

Blood,  and  alio  blood-scrum  fret.-  from  cclb.  aa  wvll  as  lymph,  posseaa  bacter- 
icidal propcrlie*.  which  are  ,-iu[nnt:nt<:c!  V>y  increasie  in  the  alkalinity,  tut.  on  the 
Other  hand,  disappear  on  additii>n  »{  water. on  hcntinK  to  a  tempirraturc  of  SS^C, 
on  expoiwre  to  dilTusc  dayliuM,  and  likewise  if  mineral  mailers  are  removed  Ijy 
dialysis.  Et^jf-alliumin  ancl  freih  milk  exhibit  th«  same  propcrtiw.  The  corpuscle- 
deiitmying  — flohiitieidal  -action  of  (rtish  scrum  is  ^x^culiar  to  the  latter,  in  con- 
junction with  its  lMic(€ri<*idal  eftivi  afti-r  Iwictenal  invasion  Butli  properties 
are  due  U>  eertain  proteid  bodii-ji  known  as  alexins.  Th«  oerum  of  an  individual 
rendered  immune  by  inorulatitm  to  .\ny  inlcrtimix  diieaw  excrtx  an  antitoxic 
efiecl  at-'uinsi  the  poisi.Mi  rrf  tlie  conx^jiondinir  infectious  3E<-i;i.  and  it  can  thcrr- 
forc  be  tiiipluycd  againit  ibc  latter  for  curative  purposes. 

lAt%v.  niitnhen  of  microlies  may  (tnin  entrance  into  tbe  blood-slreain  durins; 
the  death -ag'.'ny. 

The  SA-nmi  of  individuals  euflerin)^  ffmi  typhoid  fever  c^mtains  a  substance 
of  diBgnc-itic  importuncL',  de«i|inatcd  aKK'utimn.  which  cau.'te*  afm  tut  in  at  ion  of 
typhoid  bacilli  in  culture* 


THE  GASES  OF  THE  BLOOD. 
ABSORPTION   OF   GASES   BY   SOLID   BODIES   AND    BY   FLUIDS. 

liclWLVii   tlic  [urticli'S  iif  s-ili4  -  '  - 'iits   and   (j.iaeim.-   tkilnluiKcs   llitrx 

exi)ts  0  marked  tittracti<>ti  <>{  Mich  that  the  t!u»e*  art  attracted  by  the 

solid  bodies  and  condented  within  ii        ;.  ibai  vs.  the  gases  are  absorbed  by 

Iho  solid  bodies.     Thus,  for  inatanev.  ono  volume  of  bMcwond  ebareoal,  at  •  tern- 


DiPFUsroN  or  gases. 
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perature  ot  ri"  C.  and  a  pressure  of  7&0  Ttim  of  rocrcuiy,  ahi^orhs  ^5  vnlumM  ni 
carbon  dioxitl.  04  vnUimM  o(  oxygpn.  7,^  vohiincs  <^f  nHt»gp)!.  i.s  voltimes  of 
hydrogen  The  absorption  of  the  gases  is  uivansbly  aitciidoil  vith  tfie  generation 
of  heat,  which  i&  in  pfoportion  to  tti«  cneri^y  u-ith'n-hich  ati^iirjitinH  tnke.H  place. 
Non-poTOUK  l>c«ii«  arc  in  an  aiiHlr>t;()UN  inann*?r  surroundctl  intimately  upon  their 
surface  by  a  laytr  cf  condntieii  gas. 

Pluii^  ore  in  like  nianncr  <-apa1>1e  nf  takini;  up  or  absorbing  Rs^it-  In  thin 
c',1  ■      •  '.  has  bei-ii  Icumod  that  a  Rivt-n  amount  of  fluid  at  diflvrenl  pre»urir» 

Tr  always  absorbs  an  tqvial  v.jiuniL-  of  gits.     Whether  the  pri-»£urc  be 

gr-..:  -,.  ,,;i;ill.  tl>c  volume  "f  efts  ahi,*>rlM-d  is  ;iln:iys  tli€  samp.  It  19.  however, 
known,  according  to  the  Uw  of  Boyle-ManoHt',i{i>vfrmnji  the  compre«*ion  of  Raset, 
that  Willi  I'.vicf.  thrift  or  gn-atrr  amoiints  "I  prcrssurt,  twice,  tbripo  or  gruater 
amfftinl*.  cif  gas  by  wvight  arr  contaim-ti  wuhin  an  c-qual  volumo  of  gas  From 
thia  there  is  icriiiulaled  ilie  law  Uial  white  at  *.ar>'ing  pressures  the  volume  of 
g^  absurtwd  rcnminsi  ttte  s.aiiiu,  the-  Httitnint  nt  k.-u  by  weight  ciinlaiiivit  within 
tbe  barae  volunw:  is  direitly  pmiiortidnal  U<  the  amoum  of  pressure  If.  therefore, 
the  prcs«urt'  is  zero  the  amount  of  the  al>socbcd  ^a&  must  likewiHc  be  kcto; 
whence  it  (ifllnw.t  that  fluids  under  itic  .-Lir-piiini)  in  a  vacuum  may  be  deprived  of 
their  abs'jrt^'j  ijascs. 

The  cocibcient  of  abs"r|>li(jn  rcprwtenia  that  volum«  of  gas  that  is  absorbed 
by  I  volume-unii  of  a  fiuia  at  a  Riven  preKSure  and  temperature-  From  what 
has  been  uiid  with  re^tanl  to  the  volumi-  ol  ab«firtw<l  gasei;  the  cueilicivnt  of  ab- 
sorption must  be  whnlly  in<b-pent]rnt  of  the  pressure 

The  lemper.iture  has  an  unnonanl  influence  upon  the  ci.>eibcient  of  atisor^tlion. 
When  the  teiiij'iTature  i\  low  the  coeihcicnt  ik  hiHheil,  (kclminti  ;it  a  bi>;brr  l«iii>' 
perature  and  bicominK  iciv>  when  thi-  fluid  boils,  From  this  it  follows  that  ab- 
sorbed gases  can  als-t  be  expelled  from  6uids  by  heating:  the  latter  to  the  bulling- 
point.  The  eiiefl'icieiil  of  abMiqitiuti  inirruases.  h<:/n'ever.  fur  varitniA  fluids  and 
ga»C3  nith  increasing  temi^cratuic  in  a  peculiar,  and  by  no  means  uniform,  manner, 
which  must  b<'  determined  empirically  for  each.  At  the  temperature  of  the  body 
the  coefficient  of  absorption  of  carbon  dioxid  is  0-5283,  of  nitrogen  0.01 19,  ci  oxy- 
gen at  n  pre.tiurp  f>f  6<j<)  mm.,  o.oa^t. 


DIFFUSIOn  OF  GASES;  ABSORPTION  OF  GASEOUS  MIXTURES. 

Gases  that  do  not  enter  into  chemical  combination  with  one  another  are 
capable  ot  forming  a  uniform  mixture  If,  for  instance,  the  necks  of  two  flasks 
are  connected  of  uhieh  the  lowt-r  contains  carbon  clioxid  and  the  upper,  placed 
v*rttcally  and  inverted  above  the  other,  contains  hydroj^en,  both  gase*  ciimbinc. 
indepenacnily  of  difTerrnces  in  specific  Rraviiy.  within  each  flask  so  as  lo  form 
identical  mixiurei:,  Thi*.  phenomenon  m  known  ;i.'i  tlie  Jijmt.jw  ■!/  ^atei.  If  a 
pi>n>us  membrane  Ix-  prcvimisly  inte-n>i>»ert  lH-i«»-en  the  two  |>iixes  the  mterchanCT 
of  gases  takes  place  just  the  same.  Nevertheless  different  jjascs  pass  through  ine 
latemticeA  of  the  membrane  with  unet|uitl  rapidity  in  the  same  way  iu  m  the 
case  of  llupits  in  the  process  of  e»d<^mii-.in,  kd  that  nt  lir»t  a  l.trKcr  (imount  of  gas 
will  be  present  upon  the  one  side  than  upon  ihc  other.  .Aceording  to  Graham 
the  rapidity  with  whtcli  i^nivA  pass  thr^niKh  the  interatices  i»  inversely  as  the 
Mjtutre  root  of  their  specific  ffra^^'ity,  liut  accorditiR  to  Bun^en.  not  exactly  so, 

GaseK  mutuallv  •■serl  no  prc-ssuri-  upon  one  a-nolher  Therefore  a  jjiui  escapi-s 
from  a  space  containing  anotner  gas  as  from  a  vacuum  If,  accordingly,  tiie  sur- 
face of  a  fluid  in  winch  a  gas  is  abM>rbed  be  placed  in  eommunjcatiun  with  a  laf;g:e 
amtnint  of  another  ya*.  the  alwc)rbe<l  na-s  p:t«Kin:  iiver  into  the  other  k-w-  Therefore, 
absorbed  gases  can  be  removed  if  the  fluids  containing  ihera  arc  treated  with 
Other  gases  by  agitation  or  by  pas-sing  them  ihroujih 

If  twooT  tni.'rc  cases  in  mi.xt\iri;  lie  os'ei  »  tlu-td  within  aclosecl  Kpace  the  separate 
gasies  will  be  sbsonicd.  and  accordinK  to  weight  in  proporttnn  t'-'  the  pressure  to 
which  each  gas  would  1«  cxp^^'Std  if  it  wcrt,-  alone  pix-senl  in  ilie  spjice.  This 
prcMurc  is  known  as  partial  prfisttrt.  The  amount  of  gas  nhsorl>cd  from  mixtures 
tc  therefore  pri->portionate  to  the  partial  pressure.  The  partial  pressur*  of  a  gas 
in  a  space  partially  filled  by  a  fluid  is  at  the  same  time  an  trxpression  of  the  ten- 
lion  of  the  abaorbed  gas  in  this  fluid 

The  atr  contain*  a  1096  vohinn-  of  onyijen  and  0,7^4  volume  of  nitrogen. 
If.  thenrlorc.  one  volume  of  air  is  pri-sent  at  a  pressure  P  over  water,  the  partial 
pmsurc  under  whicli  oxygen  is  absorbed  is  0.100b  x  P.  and  that  for  nitrogen 
enuaU  o  7004  X  P,     At  R  tcm|>er»Turr  of  0°  C  and  at  760  mm.  preimns  1  volume 
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<A  water  absorbs  o.osj??  volume  of  air.  coniistin^f  of  «.ooS6i  volume  of  oxygicn 
an<l  o.oibts  volume  of  th«  mirogen.  It  acconlinglj-  contains  3^  per  ci-nt.  of 
oxygtni  and  64  ]xt  c«ii,  of  nitrogm.  Watw.  thrrcforp.  abeorbe  from  the  ntmos* 
pheric  air  an  amount  of  ga«  that  is  by  percentage  hcher  in  oixy{[en  thin  the  air 

ItMlf. 

SEPARATIOW  OF  THE  GASES  OF  THE   BLOOD. 

The  expulsion  of  ilie  g;uics  of  the  blood  and  their  collection  for  chemical 
analysis  are  efTected  by  inrans  of  the  mrTcurial  air-pump  The  PflQger 
pump  for  the  extraction  of  cases  is  illustrated  diaKrainniaiically  in  Fig.  10 
It  consists  of  a  blood -receptacle  (A),  a  slaas  Aask  with  a  capacity  of  from  aso 
to  300  cu.  cm.,  drawn  out  above  and  oclow  into  tu1>cs,  CAcn  of  which  can  be 
closed  by  means  of  a  stop-cock  {a  b) .  The  cock  b  is  an  ordinaT>'  stop-cock,  white 
the  cock  a  has  a  channel  passing  through  its  ionfptudinal  axis  and  oxtcninK  at  x 
in  such  a  manner  that  in  accordance  with  iti;  adjuntment  it  Itadc  either  mto  the 
TBceptaele  tpoeition  x  a)  or  downward  through  the  lower  tube  (position  x'  a'). 
This  receptacle  is  first  completely  deprived  of  air  by  application  to  a  merctuial 
air-pump  and  is  then  weig;hed.  Next,  the  extremity  x'  ik  tied  in  an  artery  or  a 
v4-in  of  an  animal  and  bv  placing  the  lower  cock  in  tbc  position  x  a  the  l)lbod  ■■ 

inrmitted  to  flow  into  tnc  receptacle.  Wlicn  the  desired  amount  has  been  col- 
ectcd  the  tower  cock  in  nzain  placed  in  tbc  poaition  x'  a',  the  exterior  i.n  carefully 
cleaned  and  the  receptacle  is  wcighnl  in  order  to  determine  the  weight  of  the 
bl'jod  collected. 

The  second  portion  of  the  apparutui  is  the  froth-vesiel  chamber  <B).  likewise 
drawn  out  above  and  below  into  t>il>e*,  which  can  be  closed  bv  meant  of  the 
cocks  c  and  d.  The  purpose  of  the  froth-chamber  is  to  take  up  the  froth  f'^rmcd 
in  consequence  of  the  active  escape  of  the  gases  from  the  blood  Below,  the  froth- 
chamber  ic  connected  with  the  receptacle  by  mean*  of  a  grxximl-RUss  tube  and 
above  likfwi<«c  lhrouj;h  a  well-fittlnK  tube  with  thr  OryinK  apparalw*  <Gl  This 
consists  of  B  U-shflpcd  tube  expanded  below  into  a  glass  bulb.  The  latter  is  half 
filled  with  mlphuric  acid,  while  e:ich  ami  contains  bits  of  pumice-Monc  saturated 
with  sulphuric  acid  In  passing  thnnigh  thin  apparatus,  which  likewise  mav  be 
closed  by  means  of  the  two  stop-cocks  e  and  t,  the  gases  of  the  blood  yield  up 
their  watery  vapor  to  the  sulphuric  acid,  so  that  they  may  be  conveyed  Ihrougu 
the  cock  f  in  a  perfectly  <Jrj'  «tal<-' 

The  short  tube  I)  is  similarly  connected  with  the  prolongation  from  t  by 
means  of  a  properly  ground  surface,  and  it  is  provided  with  a  small  manometer 
from  which  the  degree  of  vocuum  can  lie  read  The  tulie  D  communicates  with 
the  pump-apparatus  proper  This  cunsisls  of  Two  larije  elait*  tla»k»,  E  and  K, 
tcrminatme  above  arid  below  in  open  lubes,  the  lower  of  which.  Z  and  w.  are 
connected  by  means  o(  a  rubber  tube  G,  Both  llasks  and  the  tube  are  filled  with 
mercury  to  about  holf  the  hciehi  of  the  flasks.  The  (lask  V.  w  secured,  while  the 
flask  F  can  Vjc  raised  and  lowered  In*  means  of  a  pullcv-apparatus  alloched  to  a 
eland.  When  F  is  raiM-d  E  becomes  tilled,  and  when  F  la  lowered  E  is  emptied. 
The  tipper  extremity  of  E  divides  mlo  two  tubes,  g  and  H,  «f  which  g  is  connected 
with  D  The  tube  h.  passing  upward,  becomes  grcatlv  narrowed  and  further  on 
is  so  curved  that  its  free  exiremitv.  i.  dips  into  a  basin  containing  mercur>*.  v. 
with  its  opening  below  the  lulw  for  the  reception  of  the  gases.  J  (eudiometer* 
tube)  complelely  filled  with  mercurj'  At  the  junction  of  g  and  H  there  is  a  ciK:k 
■a-ith  a  double  channel,  which  in  the'position  H  connccu  the  flask  R  with  A  {)  G  O. 
and  in  the  punitiun  K  ckweji  A  B  G  D  and  connects  tite  Aask  E  with  the  lube  J. 

In  the  firiit  place,  B  G  D  is  completely  exhausted  of  air  by  the  following  steps: 
The  stop-cock  is  placed  in  the  position  K:  and  F  is  raised  imtil  globules  of  mercury 
pass  (rom  the  fn:e  tulfc  i.  which  is  ac  yet  not  placed  below  J .  into  the  basin.  Then 
the  stop-cock  is  placed  m  the  position  H,  when  P  is  depresjed.  Next,  the  cock 
lA  placed  again  m  the  position  K,  and  so  on,  until  the  manometer  y  tndieate< 
that  evacuation  has  taken  place.  Now.  J  is  placed  over  i.  If  the  cocks  c  and  b 
are  opened,  so  that  the  rceeptncte  .\  communicatee  with  the  remainder  of  the 
apparatus,  the  gases  of  the  blood  pass  actively  into  B.  with  the  generation  i>f  foam. 
and  through  O.  dried,  to  E.  The  depression' of  F  brings  tbem  principally  into  E. 
Finally,  the  cock  it  placed  in  the  potition  K.  while  1-'  is  raised,  and  the  gases  are 
c<>n\xycd  to  J  above  the  mercury  Repeated  depression  and  elevation  of  G  with 
appronriatc  adjueimcni  of  the  cock  will  finallv  brmg  all  of  the  gases  into  J. 

Tne  removal  of  the  gases  from  the  blooa  ia  materially  facilitated  by  placing 
the  recipient  A  in  a  vessel  containing  water  at  a  temperature  of  Ao°  C.     It  is 
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advisable  in  the  analysis  of  the  gases  of  the  blood  to  evacuate  at  once  the  blood 
discharged  from  the  vein  into  the  receptacle,  because  on  standing  outside  of  the 
body  the  amount  of  oxygen  undergoes  a  diminution. 

Mayow,  in  1670,  was  the  first  to  observe  gases  arise  from  the  blood  in  a  vacuum, 
and   Priestley  demonstrated  the  presence  of  oxygen  and  Davy  that    of  carbon 


FlO.  10- — Diisiunmatic  RrpreacDtatinD  of  Ptiugci'i  Pump  for  Ihc  Eitraclinn  of  the  Cues  of  Ihe  Blood. 

dioxid.  Magnus,  in  1S57,  investigated  the  percent  age -composition  of  the  gases 
of  the  blood.  The  important  recent  investigations  have  been  made  principally 
by  Loth.  Meyer,  in  1837,  and  by  C.  Ludwig  and  Pfiuger  and  their  pupils. 


QUANTITATIVE  ESTIMATION   OF  THE  GASES  OF  THE   BLOOD. 

The  evacuated  gases  consist  of  oxygen,  carbon  dioxid,  and  nitrogen. 

The  gases  of  the  blood  obtained  with  the  aid  of  the  pump  will  be  found  in 
the    eudiometer-tube    (Fig.  30.  J),  an  accurately  graduated  glass  tube  in  whose 
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clo«*<]  uiiper  portion  two  platinum  wirct,  p  n,  u«  8old«f«d     Th*  m4i<nnet«r  >» 
dosed  beloir  by  in«x;ur\'. 

EiiimalwM  oj  thu  Catbon  Diotid. — A  globule  of  potusic  hydraU  fuse<l  to  s 
platinum  wire  and  muistfitei]  on  its  surface  is  lirou^nt  from  Mtow  through  tliL* 
mereury  into  the  gaseous  inixiurif  The  carbon  dioxid  unites  with  tlit  potiiiuiium 
h>'dr<ttv  to  (i>nii  iMit«!«ium  cariii>n«lo,  AfUT  mnaininy  in  ptacr  for  a  consiijlcrablc 
period  of  timt.-.  the  globule  is  rcmovtrd  in  ihc  sanu-  wav.  The  diminution  in  the 
volnme  of  the  giist-s  indicates  lh<:  vuhime  of  the  cnrlKin  dinxid  n-movwl 

Esliuiulian  o}  th<  Oxj-gen. — In  the  Ntmc  way  as  in  estimating  the  carbon  dioxid 
a  Kl°t>ulc  of  phostihorus  is  iniiodu^'d  into  the  eudiometer- tube  by  racana  of 
a  platinum  wire  and  which  litkitfi  up  Ihi,*  oxygen  for  the  formution  of  pho«n>bortc 
acid;  or  a  dry  globule  of  coke  or  papier  ninrtif- »Aturated  with  a  solution  of  pyro- 
gaUic  aoid  in  potas<tic  hydrate,  which  eagerly  takes  up  oxygen  After  removal  of 
the  globule  the  diminution  in  volume  of  the  pate*  indicates  the  amoimt  of  oxyacn 

The  oxygen  cim  In-  deter  mined  moirt  areurately  and  miitit  rapidly,  according 
to  Volii  and  Bunseii.  by  e.\p!f>sit>n  in  the  eudiometer.  An  ahundimce  of  hydro- 
gen, whose  vohunc  is  carefully  determined,  it.  mtnxluc*^!  into  tl»e  eudtonictcr-tulic 
Then  an  eleclric  si>iirk  is  made  to  puss  through  the  tube  between  the  wires  p  and 
n.  The  oxygen  and  the  hydrogen  combine  to  font)  water  In  con&c<)uencc  a 
reduction  in  the  volume  ta^u«  place  in  the  eudiometer,  of  whicli  a  third  rvprcscnttt 
the  oxygen  re'iuiied  for  the  formation  o(  the  water, 

K^ftiiiaiii'n  I'/  liir  ■\'rlr.^g,•ll, — if  the  car!x>n  dioxid  and  the  oxygen  ar«  removed 
(rom  the  (pw-cvnitaiuer  according  to  the  methods  described  the  reniaiivder  coninstei 
of  nitrogen. 


SPECIAL  FACTS  CONCERNING  THE  GASES  OF  THE  BLOOD. 

Oxygen  is  present  in  arterial  bloud  from  the  dog  on  an  average  to  the 
amount  of  iS.j  volumes  per  rent.,  at  ateniper.ittireof  o"  C.  and  t  meter  of 
mercurial  pressure.  Arterial  blood  is  saturated,  according  to  PtluRcr. 
to  ■^.  according  to  Hufner  that  of  the  do^  to  \i.  with  oxygen 
By  means  of  thorough  artificial  respiration  in  animals  in  the  state 
of  apnea  or  by  active  aj^tation  of  the  blnod  with  air  the  amount  ol 
oxygen  can  be  brought  up  to  aj  volumes  per  cent.  Venous  blood  con- 
tains on  the  average  8.15  volumes  per  cent,  less  of  oxygen  than  arterial 
blood,  although  the  amount  of  oxygen  varies  widely  in  accordance 
with  the  tissues  and  the  circulatory  conditions.  Sczelkow  found 
6  volumes  per  cent,  in  the  blood  of  resting  muscles.  Only  traces  are 
present  in  tlic  blood  after  asphyxiation.  In  the  more  highly  colored 
blood  of  active  glands,  such  as  the  salivar\'  glands  and  the  kidneys. 
oxygen  is  tindoubtedly  present  in  larf^r  amount  than  in  ordinary, 
darker  venous  blood. 

The  oxygen  occurs  in  the  blood  as  follows: 

(a)  From  o.i  to  0,3  volume  per  cent,  are  in  a  state  of  simple  absorp- 
tion in  the  plasma — thus  only  a  minimal  portion,  not  exceeding  that 
which  distilled  water  at  the  temperature  of  the  blood  and  at  the  partial 
pressure  of  oxygen  in  the  air  of  the  lungs  would  take  up. 

(b)  Almost  all  of  the  oxygen  of  the  blood  is  combined  chemically, 
and  with  the  hemoglobin  of  the  erythrocytes,  with  which  it  forms  oxy- 
hemoglobin :  it  is  therefore  not  subject  to  the  laws  of  absorption. 
The  total  amount  of  blood  acts  with  regard  to  the  chemical  absorption 
of  oxygen  hke  a  gas-free  solution  of  hemoglobin,  except  that  the  absorp- 
tion of  oxygen  by  the  blood  takes  place  more  rapidly  than  by  a  solution 
of  hemoglobin.  At  a  temperature  of  0°  and  at  moderate  atmospheric 
pressure — 760  mm.  of  mercury — i  gram  of  hemoglobin  takes  up  from 
i.e  to  1.8  cu.  cm.  of  oxygen — according  to  Htifner  (.592  cu.  cm. 
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The  absorption  of  oxygen  on  the  part  of  the  blood  is  thus  independent  of 
the  presBure.  This  is  seen  also  in  shed  blood,  which,  on  the  one  hand,  permits 
more  abundant  escape  of  the  chemically  combined  oxygen  only  when  the  pressure 
becomes  reduced  to  about  30  mm.  of  mercury  (at  a  temperature  of  12°  C.  with 
increasing  temperature  at  a  lower  pressure),  while,  on  the  other  hand,  it  takes  up 
only  little  more  oxygen  even  if  the  air-pressure  be  enormously  high,  up  to  six 
atmospheres.  The  same  phenomenon  is  exhibited  by  the  blood  in  the  living 
body,  for  both  on  the  highest  mountains  as  well  as  in  the  deepest  valleys 
it  takes  up  oxygen  in  accordance  with  its  requirements.  Also,  animals  breathing 
in  a  closed  space  are  capable  of  abstracting  the  oxygen  from  the  surrounding  air 
down  to  the  minutest  trace. 

In  Spite  of  the  chemical  combination  existing  between  the  hemo- 
globin and  the  oxygen,  the  total  amount  of  oxygen  in  the  blood  can 
be  driven  out  by  those  agents  that  set  free  absorbed  gases:  (a)  by 
evacuation  ;  (b)  by  boiling  ;  (c)  by  the  passage  of  the  gases  ;  because 
the  chemical  union  of  oxyhemoglobin  is  so  feeble  -that  it  is  broken 
up  by  the  physical  procedures  named. 

Among  chemical  agents,  reducing  substances,  such  as  ammonium 
sulphid,  hydrogen  sulphid,  solutions  of  alkaline  subsalts,  iron  filings, 
etc.,  extract  oxygen  from  the  blood. 

The  amount  of  iron  present  in  the  blood — 0.55  in  1000  parts — is  in  direct 
proportion  to  the  amount  of  hemoglobin,  this  to  the  number  of  erythrocytes  and 
the  latter  in  turn  approximately  to  the  specific  gravity  of  the  blood.  The  amount 
of  oxygen  taken  up  by  the  blood  has  been  shown  to  be  almost  proportional  to 
the  specific  gravity  of  the  blood.  It  is.  therefore,  also  proportional  to  the  amount  of 
iron  m  the  blood.  According  to  Hoppe-Seyler  1  atom  of  iron  may  combine  with 
2  atoms  of  oxygen  in  the  blood.  According  to  Bohr  the  combination  is  said  to  be  an 
unstable  one.  The  latter  investigator  even  differentiates  several  varieties  of  com- 
bination between  oxygen  and  hemoglobin,  in  accordance  with  the  amount  of 
botmd  oxygen — namely,  0.4  or  0,75  or  3  cu.  cm.  of  oxygen,  at  a  temperature 
of  15°  C.  and  an  oxygen-pressure  of  150  mm,— to  i  gram  of  hemoglobin.  Also 
carbon  monoxid  is  believed  by  Bohr  to  be  taken  up  in  varying  amounts  in  an 
analogous  manner. 

Immediately  after  escape  of  the  blood  a  slight  loss  of  oxyeen  takes  place  aa 
a  physiological  manifestation  of  tissue- respiration  within  the  living  blood. 
After  having  been  outside  the  circulation  for  some  time  the  amount  of  oxygen  is 
found  to  undergo  progressive  diminution,  and  after  a  long  time  and  at  a  high 
temperature  the  oxygen  may  have  wholly  disappeared  from  the  blood.  This  latter 
loss  of  oxygen  is  due  to  decomposition  within  the  shed  blood,  in  consequence  of 
which  reducing  substances  form  and  these  take  up  the  oxygen.  Not  all  varieties 
of  blood  act  in  this  connection  with  equal  energy  in  the  destruction  of  oxygen. 
The  venous  blood  of  active  muscles  acts  most  energetically,  while  the  blood  of 
the  hepatic  veins  is  scarcely  at  all  active.  In  place  of  the  oxygen  that  has  dis- 
appeared carbon  dioxid  makes  its  appearance  in  the  blood,  whose  color  becomes 
dark.  At  times  the  amount  of  carbon  dioxid  is  even  larger  than  that  of  the 
oxygen  destroyed. 

AS  TO  THE  PRESENCE  OF  OZONE  IN  THE  BLOOD. 

On  account  of  the  varied  and  in  part  active  oxidation-processes  that 
take  place  through  the  intennediation  of  the  blood,  the  question  has 
been  raised  whether  the  oxygen  in  the  blood  may  not  be  present 
in  the  form  of  ozone  (Oj).  However,  neither  in  the  blood  itself 
nor  yet  in  the  gases  evacuated  from  the  blood  can  ozone  be  found. 
Nevertheless,  the  red  blood-corpuscles,  as  well  as  the  hemoglobin,  have 
a  definite  relation  to  ozone. 

The  hemoglobin  acts  as  a  conveyer  of  ozone,  that  is,  it  is  capable  of 
taking  away  the  ozone  from  other  bodies,  and  conveying  it  to  other 
oxidizable  substances. 


So 
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Oil  of  turp«Dtin«  that  has  been  exj>o>«d  to  tb«  air  for  a  conaidernblc  lintc 
alwftys  cnntBine  (Mcon«.  Among  reagents  fnr  nzr>ne  are  potassium -iodid  pustc, 
whicn  becomes  bliiv.  as  t^hc  oionc  rclr&.4os  iht:  coinbinAtion  of  iodin  and  potassium, 
and  the  iodin  cauiM  the  slaioh-pasie  to  become  blue;  further,  freshly  pretiurtd 
solution  of  gi.iiuMr-rtr-.iii  in  alcohol,  which  uImi  is  made  blue  by  (>ii.mc-.  A  tofuliun 
of  guaisc  is  drfippcd  in  water,  the  rcsm  forming  a  milkv  jifrcipital<-.  and  oil  of 
luipemint--  is  added.  At  first  no  reaction  occurs,  bul  if  Wood  or  hrmoglobin  l>e 
added,  with  ak;ii;iti(m.  ii  bbii«h  i1tM:iil<ynilion  apf>mrs,  that  is,  thtf  blood  takes  ihr 
oionc  from  the  oil  of  turpentine  and  CQnvL'>'s  it  to  the  KuntDcrevin. 

It  has  bci-n  statvd  that  hemoglobin  acts  as  au  oroRc- producer;  tbaC  ta,  it  ta 
capable  of  geni'rating  oifne  (rom  th«  inactive  oxyg*n  of  the  air  wth  which  it 
comes  in  contact.  For  this  reason,  red  blood -corpuscles  alon«  also  cause  ^aiac 
to  bi-como  blue  The  reaction  is  moRt  «\H'ccGefuI  if  the  solution  of  gusiae  ts j>cr- 
tnitied  to  dry  upon  blottinff-pop«r  and  then  several  drops  0*  blood  diluted  worn 
5  to  10  liinet  ar«  added.  TImt  under  these  circumstances  the  condition  is  tmt 
of  stimulation  nf  \hv  surrounding  oxym-n  throuEh  the  hemoglobin,  is  shown  by 
the  observation  that  even  red  blooii- corpuscles  containing  carbon  tnonoxid  bring 
about  the  blue  coloratioti.  naturally  mit  wlioi  the  extraneous  axvgen  of  the  air  is 
excluded  Acconling  tn  Pilueer  theie  n.-itcti'iru  take  plac«  only  with  decompo- 
sition of  the  hemoglobin,  and  for  this  reason  it  is  believed  that  the  btood-corpua- 
cles  a»  such  do  not  act  as  producers  of  tnvni: 

Also  hydrojien  *ulphid  is  decomposed  by  the  blood,  as  by  oione  itself,  into 
sulphur  and  water  llydpogen  dioxid  likew-ise  is  decomposed  by  the  blood  into 
oxygen  anii  water.  This  can  he  prvtenicd  bv  lh«  addition  of  a  small  «moui}t  of 
hydrocyanic  acid.  Crystallized  hemoglobin  d*oes  not  bring  this  result  about,  and 
hydrogen  dioxid  can  t>c  cauiUiuslv  injected  into  the  veins  of  animals.  From  this 
it  would  appear  that  unaltered  hrmoglobin  has  no  nione-jiroducing  effect, 

There  arc  thn-e  varieties  of  oxygen  (i)  Ordinary  or  mactivc  oxygen  (Oj>. 
as.  (oT  in.siancc.  that  of  aimovphcric  air  (i)  Active  or  nast:ent  oxygen  (0>,  which 
can  never  oi:cur  in  the  free  stale,  but  which  on  its  development  at  once  enters 
into  chemical  cotiibiii.^lion  as  a  most  poutrful  oxidizing  agent.  This  is  eapable 
of  oxidising  wattr  into  hydri'gen  dioxid.  the  nitrogen  oi  the  air  into  nitrous  and 
nitric  ncide.and  also  carbon  monoxui  into  carbon  dioxid — which  ©tone  is  not 
capable  of  doing.  This  gas  certainty  plavfi  an  important  rdle  in  the  organism. 
(3)  Ow>ne  (0,1  forms  through  the  lireaking  «j>  of  certain  molecule*  of  ordinary 
oxygwi  (Oj)  inin  two  atoms  each  (O).  and  onion  of  each  of  the«e  atoms  with  an 
undecomnosed  molecule  of  oxyg«l  Oione  is  a  form  of  oxygen  compressed  to 
twtHihiras  of  its  volume 

CARBOir  DIOXm  AND  NXTROGEFT  IN  THE  BLOOD. 

Carbon  dioxid  is  present  in  arterial  blood  in  from  34  to  38  voliimes 
per  cent,,  at  a  temperature  of  o**  C.  an*i  a  pressure  of  j  meter;  in 
venous  blood  on  the  average  in  9,2  volumes  per  cent,  more  than  in 
arterial  blood,  varying  greativ  in  accordance  nHth  the  situation  and 
the  circulatory  conditions.  tTie  total  amount  of  carbon  dioxid  in 
the  blood  does  not  equal  even  one-half  of  that  which  the  bItKxI 
would  actually  be  capable  of  taking  up.  Thus,  the  blood  after  asphyxi- 
ation  may  contain  as  much  as  53.6  volumes  per  cent.  The  amount  of 
carbon  dioxid  in  the  lymph  after  asphy.\iation  is  less  than  that  in  the 
blood.  The  carbon  dioxid  can  be  completely  pumped  out  of  the  total 
volume  of  blood  without  the  formation  of  acids  in  the  process  of  evac- 
uation— in  consequence  of  decomposition  of  the  constituents  of  the 
blood — which  might  lake  part  in  driving  out  the  carbon  dioxid. 

Tltc  Carbon  Dioxid  of  the  I'lasma  or  iht  Scrum. 

(a)  This  is  absorbed  in  smallest  part  simply  by  the  blood-plasma, 

(t>)  The  largest  part  of  the  carbon  dioxid  is  combined  chemically 
with  the  blood-plasma,  independently  of  the  pressure.  This  combi' 
nation  may  take  place  in  the  following  manner: 

I .  A  portion  of  the  carbon  dioxid  is  loosclv  combined  with  sodium  carbonate. 
forming  sodium  bicarbonate,  one  equivalent  of  cartMn  dioxid  being  taken  up  by 
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the  fiimpleciirbomice:  COiNn,  -•  CO,  +  H,0  vaCOjNaH.  In  this  way  consider«bI« 
atDOunis  of  carbon  dioxid  may  be  bound.  As  the  sodium  bitarbonalc  releases  the 
cvboii  dioxiii  but  ^owly  id  a  vacuum,  while  hUxnl  ctUxne*  it  with  violence,  it 
must  be  borne  in  minO  that  perhaps  sodium  combiited  with  a  proteid  (serum- 
llobuUa  alkali)  contains  the  carbon  dioxid  iu  a  complex  combination,  from 
H'luch  it  readily  tcparatce  ia  a  vacuum. 

1.  A  mininuil  porttt^n  vt  tlic  carbon  di^Kid  of  the  plamut  mijiht  be  combined 
chemically  with  notiirol  sodium  phosphate:  One  ci^tiivnlc-nt  of  this  iutit  nuiy 
combine  with  <5re  nuiivalefit  of  carlion  dioxid,  so  that,  acid  sodium  phosphate 
lad  acid  sodiuni  carbonate  result;  PO,N3,ll  t  ^-0, 4  H,0  -  I'O.NaHj  t-  COjSaH. 
In  the  pteana  of  evacuation  the  carlK>n  dioxid  escapes,  with  the  tormatioii  of 
neutral  sodium  phosphatv.  As.  howi-ver.  thv  sodium  phosphate  formed  in  blood- 
ub  has  rcsultca  almost  wholly  from  the  combustion  of  lecitlun  and  nudein.  oitly 
(be  nnall  amount  of  thi*  xatt  Hlreudy  prest-nt  in  the  plasma  can  be  taken  into 
consideration. 

The  ('arbon  Dioxid  in  the  lUood-corpitscles. 

The  er^tlirocjrtes  also  contain  carbon  dJoxid  in  loose  chemical  com- 
bination. In  delibrinated  human  blood  ji.2  volumes  per  cent,  of 
carbon  dioxid  have  been  found  m  the  sertrni,  and  only  4.5  iu  the  blood- 
corpuscles.  The  combination  of  the  carbon  dioxid  is  effected  in  part 
through  the  hemoglobin,  therefore  through  the  formation  of  carbohcm- 
oglobin.  in  part  from  the  globiilin-alkah  combinations  of  the  erythro- 
cytes. The  leukoc>'tes  also  combine  with  carbon  dioxid  in  accordance 
with  the  character  of  the  constituents  of  the  scnuii.  and  in  about  the 
proportion  of  from  -^  to  i,  ot  the  absorptive  power  of  the  .lerum. 

AceordJDs  to  Bohr  there  arc  three  varietiea  of  carbon-dioxid  combination 
with  bemoglotiin.  which,  while  closely  rvMimbling  one  another,  take  up  difft^reni 
amcomU  of  e«rt>on  iliiixid  nunidy  1,5,  3  and  6  co  cm.  of  rarhoii  dioxid  rcspcc. 
lively  to  t  gnun  of  hemoglobin,  ai  the  same  partial  pressure  for  the  carbon  dioxid 
and  at  the  same  tetnjieratufi:.  Sfiectnwcopically,  carbon-dioxid  liemftRlobin  ri- 
tcmblcs  reduced  hemoglobin,  except  that  its  absorption -band  lies  somewhat  nearer 
the  violet,  and  it  absorbs  more  light  in  the  grewi.  HcnioglolMii  can  lake  up  oxy- 
jjen  and  carlwn  dioxid  al  the  same  lime,  find  each  independently  of  the  other, 
Therefore  it  is  probable  that  oxygen  and  carbon  dioxid  unite  with  different  con- 
nituenU  of  the  hemoglobin. 

The  amount  of  carbon  dioxid  in  tbe  blood  is  diminished  by  alcoholic  intoxica- 
tion, while  it  is  increased  by  inhnUtion  of  ether,  which  reduce*  the  atnonnt  of 
oxygMi,  Subcutaneous  injt-oiion  of  morphin  or  chloral  diminishes  the  amount 
of  oxygen.  After  administration  of  iodin,  mercury,  sodium  oxalate  and  nilraie 
there  is  a  reduction  in  the  amount  of  earli<m  dio.xid  in  arterial  hUtod.  Tlie  name 
mull  is  hrouKht  about  in  the  blood  of  animals  by  injection  of  peplfne  into  the 
reins,  and  also  in  the  febrile  stale  on  account  of  the  lessened  alkalinity  of  the 
blood. 

NUrogen  is  present  in  the  blood  in  the  proportion  of  from  1.4  to  (.6 
volumes  per  cent,  in  a  state  of  siinple  absorption. 

For  every  100  parts  of  nil.nigfi:  there  arc  »,i  parts  of  argon,  which,  however. 
is  present  ("nly  in  the  plasma  The  blood  contains  more  nitrogen  when  the' 
aumber  of  er>'throc_vt*»  i*  liiri;cr  thati  when  llie  numtjcr  is  Mnaller  and  when  the 
blood  is  lalte-colorcd  Jolyt-t  and  Si^alas  believe,  therefore,  that  the  crythroc>*t«fi. 
like  solid  bodies,  absorb  nitrogen  ai  their  surface.  On  standine  outside  ilie  body, 
the  blood  yields  small  aiiitfunta  of  ammoniu,  particularly  with  ai;ce!e'  of  uxvKen 
and  application  of  heat,  perhaps  in  oonscqucncc  of  decomposition  of  an  as  yet 
unknown  ammonium -:>alt 

ESTIMATION  OP  THE  INDIVIDUAL  CONSTITUENTS  OF  THE 

BLOOD. 

£/Ji(«j/ioH  of  tile  H'ofrr  atiii  cf  All  t>/  Oit  Solid  C("*iltltt*iti  cf  thf  Tolat  BhoJ 
Jftf  lA*-  a.-rum — .^bout  5  rrams  of  serum  or  defibrinated  blood  are  evatvorated 
ta  a  crucible  of  known  weij^it  over  a  watet^bath  and  dried  in  a  drying  chamber 
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ftt  ft  lempcnitun:  of  no'  C-  The  lou  of  weight  ropresrnu  the  Ainounl  of  «r«t«r 
that  *a«  present.  The  dry  residue  is  dGtermifled  by  subtracting  the  w«j[ht  of 
the  cnicibl«.  For  ciinic»l  i>ur]>ou>K  StiniKin|^  weightc  a  few  ilropK  u(  bK»d  in  a 
light,  covered  lilass  (liKh.  This  he  ilnrs  fur  six  hours  ai  a  t«nipi.Tatiin.-  of  6^"  C. 
and  weiglis  the  residue.  The  amouni  of  water  was  found  to  be  in  men  7S.3, 
in  woincn  jq.S.  Thir  ilr^'  rrauluc  corresponds  approximaTcly  with  ihe  ununint  of 
proU-ids  contained  in  ihi-  Vilfxjd  and  it  decline*  in  the  pnrsctice  of  an<.-miB. 

£];iindi(urt  1?,'  liu  fil-riii,  —A  measured  volunw  of  blood  is  whip[icd  with  a  rotl 
Aitcr  complete  aeparalion.  idl  of  the  fibrin  i*  culkctcd  upon  a  satin  tiltcr  and 
wwbed  with  water:  then  placed  in  a  dish  and  aj^atn  wathcd  uitb  water.  Alcohol 
and  etlicr ;  next  dried  in  a  drying  chamber  at  a  temperatunc  of  ii^**  C,  and 
finally  weighed  Kosslcr  and  Pfeifler  estimate  the  amount  of  nitrogen  in  the 
•enna  and  in  the  plnmin  according  to  the  method  of  Kjuidahl;  the  diflervoc* 
nprettimts  the  amount  of  nitrogen  in  the  fibrin.  The  librin  m  1  oo  cu.  cm.  erf  plasma 
contains  ^9  mg.  of  nitrogen  (from  jo.S  to  4$).  The  fibrin  is  increased  in  cuatt  of 
paeumoniK.  :icuie  articiiUr  rheumatism.  eryxii>elas.  scarlet  fever,  peritonitis  (to 
between  So  and  jf,3  mg/i. 

Eaiutatian  of  tke  Fats  (Etherail  Extract)  in  tkr  ^cum  or  Af  TiHai  Blood, — 
About  15  KTums  of  detibrinatcd  blood  or  aenim  are  dried  in  a  diich  at  lirst  over 
a  Wffltcr-bnth,  then  ir  a  drjitij;  chamber  at  u  temperature  of  lao*  C-,  rubbed  up, 
andpluccd  in  a  tl.'wk  with  vthv-r,  whifh  is  rem-at^'dly  rcne«c<l. 

The  meThod  just  described  is  foUou'ed  in  preparing  an  alctAolie  fxtraci  from 
the  total  blood  or  the  scrrum. 

HilitMJluin  iff  liif  Inurg.inic  Saltt  tH  titf  T^Uil  Bl>>^t  or  Sfmm . — About  ag  grams 
are  dried  in  a  weighed  platinum  crucible  and  then  reduced  lo  ash  ovtr  a  free 
flame  at  red  heat.  I'he  anitniiu  of  ash  is  determined  by  wcifthiug.  If  this  aah 
be  n.-pcate(lly  extracted  with  hot  water,  .inil  the  latter  Ik-  entirely  evaporated  in 
a  >vcighcd  dish,  the  weight  of  the  salts  soluble  in  water  will  be  obtained. 

t-iitniuiiau  i>j  Ike  1  otal  Ptottidi  m  Bh<^  <.>r  b'tfiim. — E.  Salkowski  urcdpitates 
all  albuminates  by  ineanii  of  sudJum  chlorid  and  acetic  acid.  For  tnts  purpOAc 
he  places  19  erame  of  pulverijcd  «ndium  chlond  .ind  50  cti,  cm,  of  blood  in  a  dry 
flaslc  and  adds  100  Cu  cm  of  a  mixture  of  ;  volumes  lA  concentrated  solution 
of  *ndium  chlorid  and  i  volume  of  acetic  acid,  a^tatin^  for  ao  minutes  and 
filtttring.  The  Jiltcr  is  dried  and  weighed.  V.  Jalcsch  takrt  i  gram  of  blood  from 
a  cupping  glass,  estimates  the  amount  of  nitrogen  contained  by  the  method  of 
KjeUlnhl.  and  multiplies  the  remit  obtained  by  6.15. 

}£i{it»ation  of  ilu  Fr^tfidt  o)  the  Bloini-corptucUi.—lt  the  proteids  contained 
in  one  part  by  wciglit  of  the  total  blood  and  also  of  the  scrum  have  been  deter- 
mined, and  if  thi-  iint<iuiii  [il>tained  for  the  serum  be  deducted  from  that  obtained 
(oc  the  total  blood  in  the  proportion  in  which  red  blood- corpuscles  and  acrum  are 
present  in  the  total  blood.  Ibc  result  will  represent  the  protcios  of  the  btood-corpua- 
de«,  althouj;h  only  approximately, 

Eilimalion  <ij  ihf  Rtd  BU\)d-carf>uscUi  I'V  Wtighl — ^Deiibrinated  WoM  ig  mixed 
with  Ihriec  its  vohime  of  a  concentrated  solution  i>f  eoditun  sulphate  and  filtered. 
The  blood-corpusclMi  remaining  upon  the  filter  are  coagulated  by  immeming  the 
fUter  in  iMtiling  coiici-ntnitcd  Mihition  of  smliuni  sulphate.  Then  thr  lilier  can  be 
washed  out  with  distilled  water,  after  which  it  is  dried  and  weighed.  The  increase 
in  ilio  weight  of  the  previously  weighed  filter  is  due  to  the  piraence  of  the  blood- 
corpuscles. 


ARTERIAL  AND  VENOUS  BLOOD. 

Arterial  blood  contains  in  solution  ail  tlios*  materials  that  are  neces" 
san'  for  the  nutrition  of  the  tissues,  many  that  are  lo  be  employed  in 
secretion  and  in  addition  the  larger  amount  of  oxygen.  Venous  blood 
need  contain  Ies.s  of  these  malters,  while  the  waste  materials  of  the 
tissues,  the  products  of  retrogressive  metamorphosis,  will  be  present  in 
gT«aler  amount,  including  a  larger  quantity  uf  carbon  dtoxid.  As. 
however,  the  inteivhatjge  thpough  the  Wood  takes  place  rapidly,  no 
great  difference  in  many  of  these  substances  ran  be  loojccd  for  at  a 
given  moment.  In  many  respects  analysis  fails  10  furnish  conclusive 
evidence.    A  little  consideration,  further,  will  show  that  the  blood  from 
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Eome  veins  must  he  cliaracterized  by  special  peculi-tricies.  sucfi  as  the 
blood  from  tbe  portal  vein  and  the  hepatic  veins.  The  essential  differ- 
ences between  the  two  kinds  of  blood  auiy  be  summarized  as  follows: 


Less 

C»rt>(in   (linxiil.   blond -corpusciK.   pro- 
Mtds,  alkali,  ure&. 


ARTBHIAI-  BLOOD  CONTAINS 

More 
Oxygen,     wat«r,     fibdn,     extractives. 
UJU.  at   times  chlorids.  sugar,  fat: 
and  thr  temperature  u  on  «n  jiv-erage 
I""  C   higher. 

The  bright  red  color  of  arterial  blood  is  due  to  oxyhemoglobin,  to 
which  it  is  peculiar:  while  the  dark  color  uf  venous  blood  is  due  to  a 
dsficiency  in  oxyhemoglobin  and  an  abundance  of  reduced  hemoglobin. 
Tbe  larger  amount  of  carbon  dioxid  in  venous  blood  is  not  responsible 
for  the  dark  color,  for  if  equal  amounts  of  oxygen  be  added  to  two 
portions  of  blood  and  to  the  one  also  carbon  dioxid.  the  latter  effects 
no  change  in  color. 


THE  AMOUNT  OF  BLOOD. 

The  amount  of  blood  in  the  adult  equals  ^  of  the  body-weight, 
in  tbe  newborn  iV- 

AccorditiR  lo  A.  SchOcking  the  amount  of  blrxid  in  the  infaot  when  the 
umbilical  \fin  i»  1i^:it<.-il  immeJiiitt-ly  .■iftcr  lurth  i»  ^s.  white  that  in  the  infant 
when  ligation  is  practia.*d  lati-r  i^  a»  much  as  \  of  thv  bodv-wci^t.  Inimcdtaic 
liettion.  therefore,  causes  a  rcdiiciioii  of  the  amount  of  blood  in  the  newborn 
cUId  of  about  loo  ^rams.  Purlhvr,  iht'  number  yf  rvd  cor^iucles  is  less  in  the 
UckkI  of  the  lie w born  child  after  immediate  ligation  than  va  that  of  infants  in 
which  lisatiun  is  pracvistJ  later. 

For  the  estimation  of  the  amount  of  blood,  first  practised  by  Valen- 
tine in  1838  and  by  Ed.  Weber  in  1850  by  unreliable  methods,  the  fol- 
lowing may  lie  employed: 

Wtick^i  MHkxi,  —Blood  from  th«  incised  carotid  of  a  previously  weighed 
kaimal,  with  a  cannula  tied  in  the  ve3>vl,  ts  rvc'pivvd  into  a  weighed  nuk. 
in  which  it  is  dehbnnated  by  agitation  with  pebbles.  U  is  then  mecutared. 
A  portion  o(  the  ik'tibniutvd  blood  is  made  cli«rr>-red  by  the  pasMKC  of  carbon 
monoxid.  because  ordinary  blood  poBSi-sscs  varying  coloring  power  in  a<Xordance 
urith  the  amount  of  oxygen  present.  Now  a  h--*httpcd  cannula  ia  tied  in  both 
eitrrmitie,-*  nf  the  divided  wirittid  and  a  o.ij  jjur  oeni.  aululion  of  sodium 
ctilohd  is  permitted  10  Hou-  steadily  from  a  nreKsure-wsBcl.  while  the  resulting 
»~4»h-wBler  that  e«-ai»e3  from  the  divided  iugulnr  veins  and  the  inferior 
vena  cava  i.-v  colkctcd  until  it  b«<:oinea  a»  clear  ua  water.  Then  the  entire 
body  i*  minced,  and  with  the  exception  of  the  wi'ighfd  eonix^nts  of  the 
ttomacb  and  intestines,  whose  weight  is  {ieduoied  fmm  that  of  the  body,  the 
inau  is  extracted  wiih  water  and  expressed  after  the  lap»o  of  **  hom^.  ThU 
Wfilcr  and  the  uxlium-ahlond  waKli-water  are  iiu.iced  and  u-eiffhetl.  A  portion  of 
this  mixture  is  likcwinc  saturated  with  carbi>n  monoxid.  Of  this  a  •pwimcn  is 
placed  in  a  glass  cliambcr  with  parallel  walls.  1  cm.  apart— a  so-called  hcma- 
tinomcliTf.  while  in  n  second  rhumln-r  water  h  added  to  the  undiluted  blood 
from  a  buret  until  both  fluids  exhibit  the  »amc  shade  of  color.  Prom  the  amount 
ol  water  that  is  ncce&sury  to  make  the  dilution  of  the  blood  of  the  same  tint  as 
the  wa»h-wai«.T  the  amount  vl  bli>L>d  priBcui  in  the  latter  can  be  estimated.  In 
minctng  the  muwlcs  alone  tht?  coloring -ma  iter  >'ielded  hy  them  can  be  comtidered 
as  muM^Ic- pigment  and  ne'<l  not  ht;  taken  into  aecount  By  multiplvine  the 
volume  of  blood  by  its  spL^ilic  gravity  the  absolute  weight  of  the  blood  can 
be  detirrmmvil.  At  the  dilU-icnce}!  in  Uie  color  of  the  (.jieciment  can  )>e  etti* 
mated  ntost.  accurately  this  method  is  to  be  commended. 
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The  weight  of  the  blood  of  mice  has  been  found  to  be  from  y,  to  j*j 
of  the  budy-weight,  exclusive  of  gastric  and  intestinal  contents;  of 
guinea-pigs  -'■-  (from  *^  to  '_);  of  rabbits  ^'^  (from  1^  to  '^)-.  of  dogs 
'^  {from  ^  to  ,',):  of  cats  —;  of  birds  from  ^^  to  ,'„:  of  frogs  J,  to  /^v 
of  fish  from  '^  to  *^. 

Vi(rrorrU'«  nttrthciit,  which  is:  bosicd  ntvon  the  fK-tiTiitina(ion  o(  ihc  amount  ot 
blood  by  indirvct  menns.  is  discussed  under  drciilntion  timr. 

The  Specific  gravity  also  should  be  determined  in  a  study  of  the 
blood.  In  states  of  inunition  the  amount  of  blood  has  been  observed 
to  be  reduced.  Obese  individuals  have  relatively  less  Idood.  After 
hemorrhage  the  blood  lost  is  readily  replaced  by  water,  while  the  blood- 
corpusclea  are  only  gradually  regenerated.  After  extensive,  deple- 
thoric  transfusion  with  detibrinated  blood  Landois,  as  well  as  Panum^ 
observed  the  amount  of  blood  and  its  specific  gravity  to  be  maintained. 

In  the  livinc  animal  Gnbant  and  Quinquaud  permitted  a  measured  amouni 
vi  carbon  dit^Mid  to  V-e  inspin-<l,  then  wilbdn^w  a  qunntity  of  blood  and  «»tiniat«d 
the  Binouii)  of  turbori  mouoxiJ  prvitenV.  From  \h\^  the  aiuoiml  of  Mood  can  be 
readily  determined.  A  quantity  of  carbon -mououd  blood  could  olito  be  transfuud 
and  ghorily  tht-rrafli-r  (hi-  (irinioriiun  of  slii'd  blood  containing  carbon  monoxid, 
and  that  free  from  carbon  monoxid.  be  fslinial«d 

The  esliniatinn  of  the  amount  of  blood  in  individual  OTRans  in  made  after 
Kuddi'n  ligation  of  Uidr  vi-in»  during  life.  The  orK<ins  an;  rut  up  into  small  pii.'ccs 
and  the  amount  o(  blood  contained  in  the  wash-water  is  determined  by  cotitpariaon 
with  a  spe^cim(Tn  of  bloud  to  Ite  diluted.  The  entiinatioii  after  death  in  a  state 
of  frceiing  is  to  l-c  rcjcetvd. 

ABNORMAL    INCREASE    IN    THE    AMOUNT    OF    BLOOD    OR    ITS 

INDIVIDUAL   PARTS. 

An  increase  in  the  total  iji;iv-  •\i  I.-l^-iid  uniionnly  u\  ;.U  il  .  ]niri.-.  is  kn'MU  as 
pflytmia  or  plelhom.  It  may  '_'ccui  ai  a  morbid  cmiiifci'l^iu<jii  in  individiiaU  viilli 
excessive  nutritive  and  assimilative  activity.  A  marked  bluish-red  color  of  the 
external  integument,  with  swollen  vuiruc  and  targe  arteries  and  a  hard  and  fuU. 
pulse,  injection  partieularlv  of  the  capillaries  and  smaller  vcucis  of  the  visible 
mueous  membranes  are  tlie  readily  explicable  signs,  accompanied  by  cerebral 
h>'peremia,  which  may  giw  hie  to  aitaekK  of  vertigo,  and  liviiereniia  of  lite  lungs, 
which  may  give  rise  to  dyspnea  Also  after  amputation  of  large  portions  of  tne 
extremities,  with  avoidance  of  loss  of  blood,  a  relative  increase  in  the  amount  of 
blood  has  liwii  diMM-Tilied  (plt-lhi>ra  aji'icoptira). 

Polyrmio  c.-in  be  induced  artilicially  by  injection  of  blood  from  the  same 
species.  If  the  normal  amount  of  blood  \k  increased  up  to  8j  per  cent,  no  ab- 
normal t.'onditi>.>n  develops,  in  particular,  the  blootl-preitmin:  does  not  become 
permanently  rni»ed.  Thelilood  hnd«  its  wnv  etrireially  into  the  greatlv  distended 
capillaries,  which  as  a  result  become  stretched  beyond  their  normal  elasticity. 
An  increase  in  the  amount  of  blood,  how-ever.  up  to'  ijo  per  cent,  jeopardizes  life 
directly,  with  connidernble  vnnations  in  bleod- pressure,  and  which  I.nndois  has 
observed  to  tcmiinate  fatally  in  consequence  of  direct  rupture  of  vessels. 

Following  upon  the  injection  of  Wood  the  formation  of  lymph  rapidly  in- 
creotei.  Then  the  scrum  is  disnosed  of  in  the  course  of  one  or  two  days,  the 
water  bcinp  eliminated  principally  through  the  urine,  and  the  proteids  m  part 
convened  into  urea,  Tlicrcfure.  the  blood  at  this  time  appears  to  be  richer  In 
red  blood-eorp metes.  The  red  blood- corpuscles  undergo  destruction  much  more 
slowly  and  the  materials  furnished  by  Ihcm  arc  converted  in  part  into  urea  and 
in  part  into  the  biliary  pijcment,  though  not  cotutantly.  Ne\*ertheles«  an  excess 
of  red  blood -corpucet^  may  be  observed  for  as  long  as  a  month. 

That  as  a  matter  of  fact  the  blood-eorptificles  are  slowlv  destroyed  in  the 
process  of  metabolism  is  shown  from  the  circumstance  that  the  formation  of  iirea 
It  greater  when  the  anjmni  in^esu  the  same  amount  of  )>loo<t  than  if  it  receives 
an  equal  amount  by  transfiuion.     In  the  latter  event  a  moderate  increasif  m» 
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ilw  iniHiuiii  of  iirca  ptrrsisiK  nfirti  (lyr  a  number  of  clays  as  a  sign  of  slow  deatruc-' 
lion  of  the  r«<l  cor[>uscles.  Marked  pletbora  IS  auended.  funher.  wilh  loss  of 
Appetite  an  well  ax  a  tendency  to  hemorrhaKcs  frnin  the  miiroiu  memliraTies 

StTOuj  poiwtnia  w  thr  natne  Kiven  to  ihat  condilior  of  the  Wood  in  which 
the  aniotint  of  scrum  or  plasma  is  increased.  The  cuodition  can  be  produced 
Artificially  by  in)«:tiiix  intu  the  veiii5  of  aiiimaln  serutn  frtim  thv  same  species. 
Under  such  circucnsUncct  the  water  is  soon  excreted  with  the  urine,  whde  the 
Jilliuitiin  is  dccoiiiposied  irtu  urea,  without  pssfinj;  iiver  into  the  urine.  An  animal 
form*  more  urea  tfoiu  a  given  ami>unt  of  injected  scrum  than  from  an  equal 
■mount  ftf  blood — an  indication  that  the  blood -corpuwl^s  are  capable  of  heinj 
pTC«er\i'ttd  for  a  longer  time  than  the  senim.  If,  however,  an  animal  be  injcciea 
^h  the  Bcrum  from  another  species,  in  which  the  blood-eorpusciea  of  the  recip- 
ient underno  solution,  -ax,  for  instance,  if  dugs'  Kcrum  be  injected  into  a  rabbit. 
Ihc  blood-cells  of  the  recipient  are  dissolved  and  hcmoglotnnuria  develops,  and 
even  death  may  take  place  if  the  dissolution  be  extensive. 

Simple  increa.ie  in  the  amount  of  water  in  the  blood.  aaiuoKs  f^lytmia.  occurs 
w  a  transitory  phenomenon  after  copious  ingestion  of  Ouicf,  but  increased  diuresis 
toon  restores  Inc  normal  conditions.  Disease  of  llic  kidneys  attended  with  de- 
(truction  of  the  aeeretin;;  parenchyma  of  the  elaDds  induces,  together  with  nqueoui 
p^ycmia,  oft«n  genef^l  annniirca  through  the  leakage  of  water  into  all  of  the 
tu^iiM.  Ligation  of  the  ureter  likewise  gix-es  rise  to  an  increase  in  the  watery 
elenieats  of  the  blood.  Stintiing  and  Gumprechl  found  the  dry  residue  of  small 
UDOunts  ol  Mood  alier  ex-aporatton  ■>(  the  water  to  be  from  ig  S  per  cent,  in 
women  to  it. 6  per  cent,  in  men.  while  in  cases  of  anemia  it  falls  to  s.f,  per  cent. 

An  increase  of  the  red  blood-corpusclcj  beyond  the  normal  mean — potycy- 
tiumu  pUihora  or  hyper giohutiii — hau  been  Tiiouxht  to  ^>e  present  in  robiut  individ- 
uals  wbcD  hcmorrfiagcs  that  have  regularly  taken  place  ceasL-  and  in  general  all  of 
the  Bymptoitu  of  potyciuia  arc  present.  Tlie  cessation  of  menstrual,  hemorrlioidal. 
And  nasaJ  hecnorrhaKcs  >s  considered  as  a  caiUCi  act  well  as  the  oniission 
o(  venesection  previously  employed  svstematicnlly.  Nevcrthelesa,  the  poly- 
cythemia under  such  circumstances  is  nn\\  inferred  and  not  established  by  enu- 
meration. On  the  other  hand,  a  condition  ai  poK-c>themia  has  been  pocitively 
oteerved.  Thus,  after  transftisinn  of  bi™ul  from  tin-  unmc  siiecies  a  portion  of  the 
biood-plasnut  is  soon  consumed,  while  the  bloodcorpusctcs  are  preserved  for  a 
longer  time.  An  increase  in  ibe  number  of  red  blood-corpuscles  up  to  S.Sjo.ooo 
in  a  I  cu.  cm  in  case  of  severe  heart -<li»ease.  wilh  marked  stasis,  in  which  tnorr 
water  escapes  from  the  vessels  by  transudation,  is  a  remarkable  fact.  Tlic  num- 
ber is  for  ilic  ^me  reason  gfreater  aUo  in  cases  of  hcraiparests  upon  the  paralysed 
t»de  presenting  phenomena  of  stasis. 

After  attacks  of  diarrhea  that  cauj«  a  reduction  in  the  amount  of  water  in 
the  blood  tl>ere  is  likcsvisc  an  increase  in  the  number  of  red  corpuscles,  and  it  i» 
probable  that  the  same  result  is  brought  about  by  profu*e  sweating  and  by 
polyuna.  Agents  that  inllui-nce  the  caliber  of  the  veuelw,  such  an  alcohol,  chloral 
B^'drate.  amyl  nitrite,  give  rise  to  an  increase  in  number  when  thc\-  cause  con- 
traction  of  the  vessels  and  to  a  diminution  when  they  cause  refaxation.  A 
tmnsiUiry  increase  in  the  ancestors  of  the  red  blood-corriiiitck-M  ii  encountered 
as  a  reparative  process  afirr  profuse  hemorrhage  or  after  acute  disease.  In 
cachectic  states  the  increase  is  permanent  on  account  of  interference  with  the 
transformatinii  into  red  cnriiuscles.  In  the  last  Ktages  of  cachectic  states  the 
Bumbcr  progressively  diminisnes,  as  at  this  time  the  production  of  the  ancestral 
fenna  also  ccascs 

The  designation  hyp^raihumiutiut  pUtiwra  has  been  applied  to  an  increase 
of  the  albuminntcs  m  the  plasma  such  as  it  may  be  Inferred  occurs  after  alMindant 
atworption  from  the  iliKi-stivc  tract.  The  same  crnditinn  may  be  induced  cxjwri- 
mentally  by  injection  of  serum  from  the  same  species  of  animal,  the  elimination  of 
urea  increasing  at  the  same  time  Injection  of  egg-albumin  induces  albu- 
mintuia. 

Mtlile^nia  or  an  crxccss  of  sugar  in  tbc  blood.  The  sugar  of  the  blood 
is  diminated  in  part  with  tlic  urine,  in  marked  dcierec  up  to  i  kilo  daily,  and 
the  amount  of  urine  may  be  increased  to  15  ktlus.  To  reulaci:  this  loss  an 
ihunda&ce  of  nourishment  nnd  much  duid  arc  nec<.-ssAr%'.  and  in  this  way  the 
amount  of  urea  may  at  the  game  time  bp  increased  threefold  The  marked  pro- 
duction of  suRar  aUo  induces  dcitructitrti  of  proieid  tuisue.  ao  that  the  amount  of 
urea  is  increased,  even  if  the  supply  of  albumin  l>e  insuRicitmU.  The  p.-itients 
emaciate,  all  of  the  glands,  particularly  the  testicles,  undergo  atrophy  or  degenera* 
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thm.  the  sldn  and  the  bones  become  thin.  v/hUe  the  nervous  sj-stem  miits  tlie 
loagest.  The  cr^'stalline  lens  becomes  turbid  in  CDn-icquence  <>t  the  presence  of 
aii|ar  in  the  ilui'ds  of  ihe  cvc,  which  abstract  wa.ler  from  the  lens,  Woiiiid» 
heii  badly-  on  account  of  th<.*  abn-^mial  constitution  «(  Ihv  blood.  U  a  drop 
of  blood  be  «prc&d  ttp'm  s  g\afs  »!i[)e,  then  trt-atL-il  with  n  sniiition  nf  Bi<-bcnch^ 
scarlet  or  alkahne  mcihy Icne-blue  and  heated  (or  ten  minutes  at  a  leraperature 
of  35^.  it  u-ill  not  take  The  )!lutn  il  drrrived  frraii  n  ease  o(  iliubetes.  while  norma] 
blocxl  is  titaincd  Instead  of  grape-sugar  exrtssjvc  seen  mutation  of  inoeite  or  of 
milk-sugar  has  also  been  found  in  the  blood  and  in  the  urine. 

/,1/vitit'ij.— Increase  in  the  aiiKiuni  of  fiit  in  the  blo<>tI  occurs  nuTmall)' 
After  the  inj>rsticin  of  food  rich  in  fat.  as.  for  instance,  in  nursing  kittens,  so 
that  the-  scrum  itself  niav  acquire  a  milky  lurbidiiv.  Palhokigicallv ,  tim  is 
olwcrveii  in  still  more  marked  dcxret"  in  tlninkiirds  anil  in  nln-sc  imliviiliiitts.  In 
conjunction  with  marked  dcatruclion  of  prolcids  in  the  V-ody.  ihvrfforc.  in  a  large 
number  of  wasting  diwascB.  the  amount  of  fat  in  the  bio"d  is  inereawd;  likewise 
after  abundant  a3mini9traiii>n  of  easily  dif^estible  cart-fthydraies,  tojelher  with 
much  (at.  in  the  fxid.  V.  Jakuch  fi>und  traces  of  fatty  acids  in  the  blood 
o(  fclinlc  and  leukftnic  jiatients  After  injtirifs  to  boiiPS  involving  the  marrow 
largp  nuinljers  oi  fai-glohules  often  pa.is  from  the  ^'es*eIs  of  tjie  marrow,  tn  part 
unprov:dfd  with  w.-ilU  into  the  hliKKl-strtam,  m>  thai  fat  may  evm  find  it«  way 
into  Ibc  urine,  nnd  mav  give  rise  To  dangenHis  fnteml*fili  in  the  lungs 

The  Wis  arc  usually  I^^esc■r^'ed  with  grcai  tenacily.  If  sodium  chlorid 
be  withheld,  Albunitni.iria  n-MiltH:  and  if  salts  in  veDcriU.  i.>ariilytic  phenomena. 
Excessive  administration  of  snllv  food,  ai  in  the  Ictto  of  pickled  meat,  ha*  not 
rarely  hecn  followed  by  death  thmugh  fatty  degcniTHtt-in  of  the  tiwsuen.  par- 
ticularly of  the  glands.'  Withdrawal  of  calcium  and  phnsphfiric  acid  brings  about 
eoftenm;;  or  atrophy  cf  the  hone*.  In  the  prL-sonee  of  intecttnu*  diseases  and 
of  tuiKiarca  the  amount  of  salts  in  the  blmid  has  iidcn  U-t-n  lound  increased, 
v^ile  in  the  presence  nf  inHammaiion  (sodium  chlnhd  is  wanting  in  the  urine 
in  cases  of  pneumotiui)  and  of  cholera  the  *in(>unt  is  ihininished 

The  aminint  "f  /ttri'it  in  the  blond  ti  tncrea.«il  in  the  ['n.'«encr  of  iiillitnimH- 
lion,  particulariy  of  the  lungs  or  the  pleura  Therefore  \-enescction  under  such 
circumslunccs  i*  lollowi-d  by  the  fomialiun  of  the  HO-called  IniRy  euat  The 
fibrin  may  he  increased  also  in  other  diMAsrK  atlendcd  with  blood -den  truct  ion, 
Signi,  May<-r  iibs'Tvcd  an  inceeri*''  likewise  aftvr  repeated  venesection.  Blood 
rich  m  fibrin  usxtally  conijul.-itcs  iiinr*  kIowIv  than  blo«.>J  delicicnl  in  librin,  although 
eseeptiona  to  this  Eintemcnt  are  not  wanting. 

ABNORMAL  DIMINUTION  IN  THE  AMOUNT  OF  BLOOD  OR  OF  ITS 
INDIVIDUAL  CONSTITUENTS. 

Reduction  in  the  mius  of  the  liUmd  an  a  whole— frn^  i>ltgemia — oecufs  after 
ever\'  direct  loi»  of  blood  In  Ihe  newljom  a  hemorrhage  of  even  a  few  cu,  cm  . 
in  cfiildren  a  vear  old  a  heinorrhaRc  of  jw  cu.  cm.,  and  in  adults  a  loss  of  one- 
half  of  their  blofxl  may  pn>ve  il;«iKen>u»  Wi«nen  wtihHtaud  better  than  men 
even  considerable  loss'  of  the  blood  hi  them  ihc  regeneration  of  Ihe  Mood 
appears  to  take  place  mtirc  readily  and  more  ((uickly  in  consequence  of  the  periodic 
resturatiim  nf  the  lilmid  h>nl  xl  each  menatrual  period.  Obc.ic  ]^en>onH.  m  well  aa 
the  aged  and  the  dcbibtoted,  arc  Ic*^  tolerant  lo  loss  of  Hood.  The  hemorrhage 
is  the  more  dangerous  the  more  rapidly  it  takeg  plac**  (general  pallor  and  coldness 
of  the  »kin.  n  sense  of  fear  and  oppressjon.  relaTalion.  the  appearance  of  spots 
l>efort'  the  eytw.  rrwring  in  the  ears  aiid  vertiKo.  toss  of  voice  and  syncopal  attacks 
usually  acceimpany  profuse  hemorrhage,  I)\-t)pnea  ("and  breathing  rapidiv  he 
exhales  life  in  a  purple  stream:"  Sophocle*^  Aniigonel.  cessation  of  glanJular 
Jie(,-Teliim.  prnfouud  toss  of  ennKKniKnevG.  then  itilatatiim  id  the  pupils,  involuntary- 
discharge  of  iirini-  and  feces,  and  tinally  general  convuUion.i  arc  the  positive 
{ircmonitions  of  ranid  death  from  hemorrhage.  In  the  state  of  greatest  dangcr 
ifc  can  lie  saved  only  by  transfusiun. 

An  much  as  one-qiiartcT  of  the  normal  ammint  of  blood  can  be  withdrawa 
from  animals  without  perraanenilv  lowering  the  blood- pressure  in  the  arteries, 
beeau«e  the  latter  bv  contraction  ad,ipt  themwlvti  to  the  smaller  volume  of  blood 
in  con»et"iuenfe  of  the  anemic  irritation  of  the  vasomotor  center  in  the  medulla 
oblongata.  Loss  of  blood  up  lo  one-thtrd  of  the  volume  nf  Uood  eauiaetl  marked 
reduction  in  the  blood- pressure      Dogs  recover  after  loss  of  one-half  of  the  volume 
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of  blood.  If  two-thirds  be  removed  one-ha!f  of  the  animals  die,  while  the  remaining 
half  recover  spontaneously. 

If  the  hemorrhage  does  not  terminate  fatally,  the  water  of  the  blood,  with 
the  dissolved  salts,  is  first  replaced  through  absorption  from  the  tissues,  with 
gradual  increase  in  the  blood-pressure ;  and  later  thu  proteids.  Considerable 
time  is  required  for  the  regeneration  of  the  blood -corpuscles.  The  blood,  there- 
fore, contains  for  a  time  an  abnormal  amount  of  water — hydremia;  and  finally  it 
exhibits  an  abnormal  deficiency  in  cells ^t'/igoc.v'''^'""".  hy poglolmtia .  With  the 
increased  lymph-stream  toward  the  blood  the  leukocytes  arc  soon  considerably 
increased  above  their  normal  number.  Also  fewer  red  blood -corpuscles  appear  to 
be  consumed  during  the  period  of  restitution,  as,  for  instance,  in  the  formation 
0/  bile. 

After  moderate  venesection  in  animals  Buntzen  observed  the  volume  of  blood 
restored  in  a  few  hours,  and  after  severe  hemorrhage  in  the  course  from  34  to  48 
hours.  The  red  blood -corpuscles,  however,  were,  after  venesection  of  from  i.i 
to  4.4  per  cent,  of  the  body-weight,  fully  restored  to  the  normal  only  after  the 
lapse  01  from  7  to  34  days.  The  commencement  of  the  regenerative  process  could 
be  recognized  in  the  course  of  48  hours.  During  this  period  of  reorganization  the 
number  of  the  embryonal  forms  of  the  blood -corji use les  was  increased.  The 
newfly  formed  blood-corpuscles  appear  at  first  to  contain  less  hemoglobin  than 
normal.  Also  in  human  beings  the  duration  of  the  period  of  regeneration  ap- 
pears to  be  dependent  upon  the  amount  of  hemorrhage.  The  reduction  in  the 
amount  of  the  hemoglobin  of  the  blood  after  venesection  is  approximately  pro- 
portional to  the  amount  of  the  blood  removed. 

Of  especial  significance  is  the  state  of  metabolism  in  the  body  of  an  anemic 
patient.  The  decomposition  of  proteids  is  increased,  and  as  a  result  the  elimina- 
tion of  urea  is  increased.  The  combustion  of  fats  in  the  body  is,  however, 
correspondingly  diminished,  and  the  amount  of  carbon  dioxid  given  oft  is  cor- 
respondingly reduced.  Anemic  as  well  as  chlorotic  patients  therefore  readily 
put  on  fat.  The  same  significance  is  to  be  attached  to  the  lipomatosis  of 
anemic  convalescents  after  acute  diseases  interfering  with  blood-formation.  The 
fattening  of  animals  is,  accordingly,  favored  by  occasional  venesection.  The  same 
statement  is  applicable  to  intercurrent  hunger.  Aristotle  had  already  pointed 
out  that  swine  and  birds  readily  take  on  considerable  fat  after  days  of  intercurrent 
htiTiger. 

Anemia  results  also  from  failure  on  the  part  of  the  blood-forming  organs. 
The  alarming  anemia  from  the  presence  of  the  bothriocephalus.  which  may  pursue 
a  course  similar  to  pernicious  anemia  is  remarkable,  U  is  probably  dependent 
upon  a  toxic  effect  induced  by  the  parasite,  which  impairs  the  vitality  of  the 
blood-corpuscles , 

Excessive  concentration  of  the  blood  throui;h  loss  of  water  is  designated  dry 
oligemia.  This  condition  has  been  observed  in  human  beings  after  copious, 
watery  diarrhea,  particularly  in  cases  of  cholera,  and  the  thick,  tarry  blood  stag- 
nates in  the  veins.  Probably  copious  loss  of  water  thnHigh  the  skin  as  a  result 
of  diaphoretic  treatment,  particularly  in  association  with  restriction  of  fluids,  may 
give  nse  to  dry  oligemia,  even  though  only  in  moderate  degree. 

If  the  proteids  of  the  blood  arc  diminished  in  abnormal  decree  a  condition  of 
hypialbuminous  oligemia  is  present.  The  proteids  may  be  diminished  more  than 
half.  In  their  place  an  excessive  amount  of  water  usujilly  rinds  its  way  into  the 
blood,  so  that  the  salts  of  the  plasma  are  likewise  diminished.  Loss  of  proteids 
from  the  blood  is  due  directlv  to  albuminuria,  which  may  furnish  even  25  grams 
of  proteid  daily;  to  long-continued  suppuration,  extensive  weeping  cutaneous  sur- 
faces, excessive  loss  of  milk,  albummous  diarrhea  (dysentery).  Fretjuent  and 
copious  hemorrhage,  also,  induces  at  first  hypallniminous  oligemia,  as  the  loss 
primarily  is  principally  made  good  by  the  taking  up  of  water  into  the  vessels. 
V.  Jaksch  found  that  the  amount  of  proteids  failed  to  decline  in  correspondence 
with  the  reduction  in  the  number  of  blood -corpuscles. 


PHYSIOLOGY  OF  THE  CIRCULATION. 


.-Tid 


CAUSE.  PURPOSE,  DIVISION. 

The  blood  maintains  itself  within  the  vascular  system  in  an  unin- 
terniptcd  circulating  mov-cment  that,  proceeding  from  the  cardiac  ven- 
tricles through  the  largest  arterial  trunks 
arising  therefrom  (the  aorta  and  the  pul- 
monary arter%')  to  the  furthermost  branches 
of  the-se  vessels,  then  through  a  system  of 
capillan.'  vessels,  from  which  it  is  collected 
into  the  venous  channels,  which  progressively 
increase  in  size  by  coalescence,  terminates 
finally  in  the  auricles. 

The  catisf  of  this  circulatory  movement 
resides  in  the  difference  in  pressure  to  which 
the  blood  is  exposed  in  the  aorta  and  the 
pulmonary  artery,  on  the  one  hand,  and  the 
two  vense  cav»  and  the  four  pulmonarj* 
veins  on  the  o.thcr.  The  blood  naturally 
fiows  continuously  toward  that  portion  of 
the  closed  system  of  tubes  where  the  pres- 
sure is  lowest.  The  greater  this  difference  in 
pressure  the  more  active  will  be  the  move- 
ment of  the  stream.  Abolition  of  this  differ- 
ence in  jircssurc.  as  after  death,  will  natur- 
ally cause  a  cessation  of  the  flow. 

The  purpose  of  the  circulation  is.  on  the 
one  iiaiid,  to  carrj'  nourishment  through  the 
blood  to  all  the  tissues  of  the  body,  while  on 
the  other,  the  blood  carries  away  from  the 
tissues  to  the  organs  of  excretion  the  waste 
products  of  their  metabolism. 

The  circulation  of  the  bU)od  is  divided 
into: 

1.  Tlie  gnater  circulaSion,  comprisiag  the 
pathway  from  the  left  auricle  and  the  left 
ventricle  through  the  aorta  and  its  branches, 
the  capillaries  and  the  veins  of  the  body, 
to  the  termination  of  the  two  ven»  caw  m 
the  right  auricle. 

2,  The  lesser  circulation,  comprising  the 
pathway  of  the  right  auricle  and  the  right  ventricle,  the  pulmonary 
artery,  the  pulmonary  capillaries  and  the  four  pulmonary  veins  arising 
therefrom  up  to  their  point  of  entrance  into  the  left  auricle. 

3.  The   portal  citeulatioH  is  occasionally  considered  as  a  separate 
circulator)'  system,  although  it  is  only  a  second  capillar^'  ramification 
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inserted  into  a  venous  pathway.  It  is  composed  of  the  porta!  vein, 
which  represents  the  union  of  the  veins  of  the  alxlominal  viscera — the 
superior  gastric,  the  superior  and  inferior  mesenteric,  and  the  splenic 
veins— and  which  breaks  up  in  the  liver  into  capillaries  that  again  unite 
to  form  the  hepatic  veins,  which  empty  into  the  inferior  vena  i-ava. 

Strictly  tpvaking.  Ihw  <liftfrcrniati(in  of  the  porinl  sy^liin  into  «  separate 
ciTL-ulation  k  not  jusiitiablr  In  muny  animals  similar  conditions  arp  found  in 
Btill  oih*r  orMHii.  «s.  for  exatiijilo,  the  !iu])[ureii;il  o(  the  vniiktr  and  the  kidney 
ol  the  frog  wlii-n  iin  ancrj'  lJ^cak^  up  itiln  nuini,-riiu»  small  branches  that  shortly 
reunite,  without  the  intrrv'cniiun  of  capillaries,  to  again  form  an  artery,  the  cluster 
oi  branches  thus  ftinneil  ia  ciilk-d  a  -wondcriful  netwotW."  rete  miralitle.  such  as 
is  sie«n  in  aju'^  nnil  tdeniates  Micri)»copic.il  nelwi>rlcs  o(  this  character  are  found 
ID  lli« mesentery  of  man.  The  glomerulus  of  Bowman 'ecapsulc  in  the  ktdiicy  also 
is  an  example  of  this  i>vculiar  arterial  division.  Analot;ous  formations  in  the  veins 
are  called  venous  "wonderful  network*   ' 


THE  HEART. 

The  tnammiiliiui  hewi-muwle  <FiR  184.  S)  is  compiweil  nf  short,  clos«1y  and 
finely  striated.  unierUular  elements  which  arc  devoid  of  sarcolemma  and.  in  man, 
from  io  to  ;o  ^  long  and  fnwn  i;  10  13  11  wide.  The  ends  are  mther  Iilimt  atid 
SCneralty  ^pltl ,  and  hv  thtM:  split  einU  the  librr.i  art  joined  loRfiher  anastomotic  ally 
to  form  a  network.  'The  individual  mti^^le  cells  are  united  by  a  cement- subs  Lance, 
which  is  Bolulile  in  33  per  cent  pot iiasiuni- hydrate  solution  and  i»  stained  black 
by  silver  nitrate.  Each  cell  at  its  center  containie  a  nucleus,  rarely  two  snuUer 
nuclei.  14  a  lone  by  j  fi  wide,  in  its  centrnl  axis.  The  trnnsvcreely  striated  sub* 
Stanca  fre<|uentlv  contains  molecular  granules  arranged  in  rows.  Th«  fibrils  are 
placed  side  by  side  and  are  divided  by  the  ]M>riniysium  into  bundles,  which,  after 
sOlutiun  «I  tKe  omneciive  tiR^oc  by  boiliiiE,  may' be  isolated.  The  shape  of  the 
twndlcs  on  transverse  seclion  i.-i  ratllerctrcuuir  in  llie  auricles,  while  in  the  venirictM 
it  U  rather  flat  anvl  lamintiied.  hen-  also  several  of  the  smaller  bundle*  may  unite 
to  form  a  thicker  band.  The  intcrslicni  bctwc«n  the  bundles  scr^e  10  carry  the 
lymph -vcsaeU 

ARRANGEMENT  OF  THE  MUSCLE-FIBERS  OF  THE  HEART  AND 
THEIR  PHYSIOLOGICAL  SIGNIFICANCE. 

Mujculaturt  of  Ihr  Auricle. — The  study  of  tlic  embryonal  heari  fumislicA  the 
key  to  the  understanding  of  the  complicated  arrangement  of  ihc  musclvrllivra. 
The  simple  heart-tube  of  the  embryo  i-xhibils  on  outer  circular  and  an  inner 
Itwigitudinal  layer  of  muscle- iibcr*  The  scutum  is  (ormM  later,  bo  that  it  is 
obv>oti8  that  bith  in  the  ventricles  as  well  as  in  the  auricles  the  Hhera  belong, 
in  part  at  least,  to  both  halves  as  they  originally  enclose  only  a  single  cavity. 
On  the  other  hand,  the  t'lliers  of  the  aiincles  are  aener.-dly  sqiaratrd  from  thrue 
of  the  vrntrirle*  by  the  libro-us  ring:  nevertheless  cenaiti'  of  the  muscle -bundles 
pass  from  the  auricles  to  the  ventricles  In  the  auricles  ibc  embryonal  arrange- 
mmt  of  the  fil>er»  rvm.iins  fundarnenially  unchanxeit  In  ihe  ventricles  tne 
airangrmcnt  is  obliterated  Iiecausc  iluriiiE  the  process  of  dcvcloninent  the  Hbers 
here  undergo  a  peculiar  bending  and  looping,  as  in  the  stomach,  together  with 
a  spiral  rotation. 

The  tttuiiulalurt  of  ihe  auticUi  is  in  general  .trrangcH  in  two  layers:  nn  ouwr 
transverse,  which  is  continuous  over  the  two  auricles,  and  an  inner  loiigitiiiliiial. 
The  outer  fibers  can  be  traced  from  the  entering  veins  upon  the  anterior  and 
[louterior  walla.  The  inner  hbers  are  esijecially  prominent  where  thev  are  attached 
vertically  to  the  fibrous  rings,  but  in  certain  parts  of  the  anterior  wafi  in  particular 
ibey  are  not  arranged  cmitinuously.  On  the  septum  of  the  auricles  the  ring-like 
muscular  laj-er  surroundinj;  the  oval  fossa,  the  opening  of  the  oval  foramen  in 
tin:  embrj'Q,  is  especially  prominent.  .Ground  the  openings  of  the  veins  emptjnng 
Into  the  aiiriclttt  are  fimnd  cireuhir  imi.icle-liundles.  Liiv.sc  arc  least  nil!  marked 
around  the  inferior  cava,  while  around  the  superior  cava  they  are  well  developed 
and  »iciid  upward  uround  the  vessels  for  1.;  cm.  <l''ig.  a.  II>.  At  the  entrance 
of  the  four  pnlinonur>-  veins  in  man  and  in  some  mammals,  transversely  striated 
imtsclc-fiben,  arranged  in  an  inner  citcular  and  an  outer  longitudinal  layer,  «x- 
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tend  upon  the  pulraonarv  veins  «s  far  2t  Ibe  hllus  of  the  lung,  tn  utbcr  iunimniK 
(apc9,  rai»i  ihcy  oxtcncf  tven  inU>  llie  tunu  ittielf,  inikeil,  in  vomc  tnamtnalii 
(mouse.  lH)t>  this  tnusculrir  layer  penetrates  thr  lung  so  tar  that  ID  tbc  small 
reins  the  entire  wall  is  compci»ril  almoat  wholly  of  striated  musili-filnTS  Muscle- 
fibers,  chiefly  circular,  arc  also  found  nt  the  termination  of  the  jrrrat  mrdiac 
vein  and  in  th<:  coronary  valve  of  Tbcbvsius-  Many  clastic  fibers  arc  pnacnt 
in  the  piTimysium  ^<t  iheaunclen. 

From  tlie  pliysiological  standpoint  the  foregoing  anatomical  data 
explain  tlie  tuliowing  facts  with  relation  to  the  contractions  of  the 
auricles. 

The  auricles  are  ab]c  to  contract  independently  of  the  ventricles; 
this  is  particularly  manife«it  in  the  cessation  of  the  heart's  activity,  as 
under  sucli  circumstances  two  or  more  contractions  of  the  auricle  aione 
are  often  seen  to  take  place,  followed  now  and  then  by  a  single  con- 
traction of  the  ventricle.     However,  when  the  action  of  the  heart  is 
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Fia.  >!.— I.  Cuuncof  ihc  Munic  ^Ktn'c  i lie  Lull  Aundc:  ihcoula-lranannruul  ikr  ionct  lao^luiliailflbcni* 
luir  w*  iMIilr  iniJ  m  *Iititiiin  ihi-  .irfuUr  nrim  iil  itii  inlniiin^v  •nan.  t.p  V.  Irft  *nilrii:lcUok.  KtU) 
II,  Dtdnbutiuo  uI  TitBtxrWj'  iMrUltJ  TtttBcli-liUn  aa  iW  S'lpin*  Vnu  ('an  (IDikIu*;:  a,  oWnuKe 
til  the  MCftat  ntn;  *,  iiuirlr. 

unimpaired  the  aiiriolcs  in  their  contraction  transmit  the  motor  impulse 
to  tlie  ventricleti.  Whether  tliis  stimulation  is  brought  about  through 
nerve-fibers  or.  as  is  more  probable,  through  connecting  muscle-bundles. 
has  not  yet  been  decidw!  with  certainty. 

The  two  chief  layers  of  filers  (transverse  and  longitudinal),  which 
cross  each  other,  serve  to  effect  unil'onn  contraction  of  the  auricular 
cavity  from  all  sides,  as  is  the  case  likewise  with  most  hollow  muscular 
organs. 

The  circular  fibers  surrounding  the  entering  venous  trunk*,  through 
their  contraction,  wlitch  occurs  in  unison  with  that  of  the  auricles, 
cause  in  part  an  emptying  of  blood  into  the  auricle  and  in  part  a  liin- 
drance  to  a  return  of  the  blood  in  any  considerable  measure. 

ARRANGEMENT  OF  THE  MUSCtTLATURE  OF  THE  VENTRICLES. 

riw  .Vuii/f/i/iirt  o;  tbt  I VtKfii/^j.— Beneath  llie  pericarditiin  there  is  fint 
met  nn  ounr  InnKituilinal  laytrr  (Fig.  i,\.  A).  consistinE  ot  only  ooraiional 
bundles  on  the  riglit  veniHck.  wliitc  on  the  left  ii  comprises  a  compact  layer  ot 
about  iinc-eijfhtli  of  the  (.'titire  thicknc^  nf  the  wall  A  Mconil  lavvr  of  loiieltu- 
dinat  libers  lies  on  the  inner  surfaec  of  tlic  vcniricles.  being  especially  well  marked 
at  the  orifices,  as  well  as  inside  tbc  perpendicularly  placed  papillary  muscles, 
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while  in  olhcr  situntiotw  it  in  replaced  by  tbf  ifrcjwlarly  running  filwra  of  ih« 
mosruiar  traheculir  Between  the  two  longitudiiial  layers  lie*  Ihe  m««t  Powerful 
Usntvene  layer,  the  tibers  ni  which  arc  sqinrnbic  intn  tndividunl.  Icnf-lilcr, 
rinK-u)ia|>ed  Iniiitlles.  The  ilinec  layers,  howes'er.  flr«  nm  wholly  independent  and 
«eparat«vl  (rum  eaeh  ulher.  Iml  r»thi-r  there  is  a  Krailuul  iraiiiilion  lielween  the 
iransverip  ami  ihe  niit<T  ntiii  inner  lon^tudinal  Uyers  by  mrann  ijf  oh1ii)ii<<  tilirri!. 
The  ctiinmon  assumption  is  ihai  the  entire  outer  tongiliKlinal  layer  passes 
gradually  inli>  tlte  imn^viTw.-  ,-inil  this  in  turn  whcilly  into  the  inner  l«;i);)lu<linal. 
u  is  shown  diasrammiH:rally  in  Fig  3,^,0  This  isiirrt  iustitinlile.  anil  isneKativccI 
by  the  fiTval  prepomlerancc  in  the  tliickncsfi  of  ibe  midUle  layer.  In  general  the 
ODtCT  InnKituJitiul  lil.n-rs  pursue  »uch  a  course  us  to  mtcraect  the  c\>urse  <>i  ihc 
fibera  <i(  the  inner  l4>ngitu<linAl  Inyer  at  an  iwute  angle.  The  intervening  Lrnns' 
vene  Iay«r  constitutes  the  tncdtum  for  a  gra(]ua1  traniition  betwemi  these  courtes. 


'// 


Fn 


•1.- 

wkhibc    - 
iM  (he  tef>i< 


..li  «  atcl  Intolhc  p»\ 


rfm;  B.  tWwcllh*  apca 
irfl«-4l)tr  wlUiin  Ihr  nia 


At  the  «pcx  of  the  Icrft  ventricle  external  kmgttudinal  Gbrn,  uniiing  in  th« 
so-called  •■whirl"  (B),  pass  in  a  c«r\-e<l  direcliou  inwartl  .ind  upward  within  th« 
muwle-subsiance  and  extend  inio  llic  papillary  muscles  (U).  Nevcrthele«  it  is 
an  CTirtr  Ui  cmuiidcr  th-it  all  of  the  iiscendiriB  fibers  in  the  papillary  mui>clr»i  arc 
derived  from  these  verticiil  nm»c[(- bundles  at  the  outer  surfiee,  as  many  arise 
independent! \'  (rem  the  wall  (.f  the  veninele  Neither  can  the  origin  i>f  these 
Iwngitu'lmul  liljcrtt  on  th*-  ■-niter  surface  of  the  heart  In-  inu-ed  iU)!ely  to  the  librous 
rinjpjor  to  the  r<vtt*  of  the  arterii-B.  Kinally,  mention  should  hr  made  of  the  special 
circular  laver  nf  fil-ers  that  surrtmnds  the  left  orilice  like  a  spliincier  NumiTOua 
lympb-veM)el»  Ufv  present  in  all  the  inicrnices  between  ihc  muwrle-filierH  and  the 
blood-v«ss9cls.  Tbc«  eventually  empty  into  the  lymph-vcssda  and  nodes  of 
thr  mediastinum. 

PERICARDIUM  ;  ENDOCARDIUM  ;  VALVES. 

The  pencariiium.  which  includes  between  its  two  layers  a  lymph -space— the 
pericardial  cavity — containinK  a  small  amount  oi  lymj.h,  exhibits  the  structure  of 
a  MTtMts  membrane,  that  is.  it  is  composed  of  cmmcclivc  tissue  eoniaining  delicate 
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elastic  fibers,  and  is  covered  on  iu  frc«  surface  witli  a  single  layer  of  irresulv 
polygwal.  "»t.  endothelial  cells.     A  rich  network  of  I>in|>h-veMc)ik  lits  within  the 

rrncardiuni  ic&clf,  as  well  as  more  dc«ply  toward  Uk  fnusclc-mau  of  ihc  Itcart. 
lotiiaUi  are  wuiitiii};  in  bolh  layers  ul  (he  uericardiuin.  In  lL<  iubsetoiu  ttsoue 
of  the  pericardium,  cspcctaliy  in  the  sulci  for  the  cwronar^-  vestvU,  are  deposits 
of  fat,  and  Ivmpli^ihcs. 

The  eitihci'ditiiii  presenti  all  of  the  charactemties  of  a  ve*»el-wall.  Facine 
the  ca\'itv*  of  the  heart,  there  is  lirst  n  single  layer  of  flat,  polvgunal,  nucleated 
endothelial  cells.  Then  there  cumes.  as  ihe  tniegnjundwork;  of  the  whole  mem- 
brane, a  layer  of  delicate  elavLic  lilien;  (inncu  murkeil  in  the  auriclec.  and  e^'en 
forming  a  fenestrated  membrHitcl .  in  the  midst  of  which  but  li  I  tie  connective 
ti&stie  occun.  The  laiter,  much  more  loosely  arranged  and  intcrmised  with  elaa- 
tic  fibers,  is  present  in  larger  amount  toward  tlie  heart 'niuwle  f»catiered 
bundles  of  unsiriated  muscular  fibers,  usually  arrann^'d  longitudinally,  are  found 
between  the  elastic  elements  (in  snialkr  amount  in  the  auricles).  These  obviously 
have  the  task  of  cotnbatinK  the  i>Tea8ure  and  the  tension  exerted  on  the  endocar- 
dium during  the  cardiac  contractioni  f or  whcTf-vpr  throughout  the  body  a  wall 
composed  of  soft  parts  is  expoaed  to  repeated  hiph  pressure  muscular  elements 
are  found,  and  never  elastic  tisnie  alone.     The  endoeardium  ik  non-vaseittar. 

The  valvn — both  the  arterial  (semilunar)  and  the  venous  (mitral  and  tricuspid) 
— also  are  a  part  of  the  endocardium  The  venous  and  arterial  orifices  on  the 
right  side  are  sepurHted  from  each  other  in  the  wall  of  the  ventricle,  while  the 
two  orifices  on  the  left  are  imited  into  a  single  large  opening.  The  valves  are 
Attached  to  their  hasal  margins  by  means  of  resistant  finrous  rings  composed  of 
conn ec live- tissue  and  elaslic  tibers  They  cnnMsl  of  two  layers^  (i>  The  fibrous, 
ivhieh  is  a  direct  continuation  of  the  fibrous  ring,  and  (j)  a  layer  of  clastic  cictncnis. 
The  i-la»tic  layer  of  the  auricuU*- ventricular  valves  is  a  direct  prolongation  of  the 
endncardium  of  the  auricle,  anj  is  therefore  directed  toward  that  cavity.  At 
their  bases  the  valves  are  united  by  their  adjacent  margins.  The  tendinous  cords 
are  inserted  on  the  free  msrjfin  and  on  the  under  surface  of  the  valves.  The 
semihmar  valves  possess  a  thtn,  clastic  layer,  thickened  at  their  l>a»e  and  turned 
toward  the  arteries 

The  aunculo-veniriciUar  valves  contain  also  striated  muscle- lil»er*.  Radiating 
fibers,  arising  ln*m  the  aurichw.  extend  inti>  the  valve*,  am!  it  in  their  function 
in  part  to  retract  the  valves  toward  their  bases  during  the  time  of  auricular  systole, 
and  ihua  to  enlarge  the  paasagc-way  for  the  flow  o(  hlood  itito  the  ventricles. 
Palndino  describes  still  other  inngititdina)  tiheni  iterivci!  from  the  ventricles, 
Besides  these,  there  is  directed  rather  [toward  the  ventricular  aspect,  a  con- 
centric muscxilar  lavcr,  following  the  basal  attachment  ol  the  ^"ah-ts.  which 
appears  to  have  a  sphincter-like  action — drawing  the  bases  of  the  valves  together 
during  the  period  of  ventriculflT  contraction  when  the  valve*  are  under  tcnnion. 
and  thus  preventing  excessive  distention  The  larger  of  the  tendinous  cords  also 
contain  slnated  muscle -fibers;  and  the  Thebesian  and  Eustachian  valves  like- 
wise contain  a  delic;ilf  muxcular  network. 

The  name  "  Purkinie's  libers'*  has  been  applied  to  a  grayish  network  of 
muscular  elements  found  in  mammals  and  in  birds  chieflv  beneath  the  endocar- 
dium of  the  ventricle,  Imt  ivcurriiig  also  in  the  muscular  mass  ii.-Belf  Thr*e 
ap[>car  to  represent  a  stage  of  embryonal  development  (on  account  of  the  partial 
Stnation).     They  are  absent  in  man  and  in  the  lower  vertcVrates. 

Blooil- vessel*  cectu"  in  the  auriculo- ventricular  valve*  in  eonsiderable  number 
only  where  there  are  mutcle-hber*  In  children  delicate  vcateU  extend  to  the 
free  margin  of  the  x-alve  The  semilunar  valves  are  devoid  of  blmwl-veMrls  fxeepi 
tmder  pathological  conditions.  A  network  ol  lymphatics  extends  from  the  endo- 
cardium to  the  middle  of  the  valves, 

Wet'tkt  and  5i;f  af  thr  Hsntl. — According  to  W.  Mtiller.  the  weight  of  the 
heart  in  children  and  in  older  (lersons  havinjj;  a  body-weight  up  to  40  kilos,  is  5 
gram*  for  every  kilo  of  lindy-weighl;  in  individuals  having  a  hody-weight  of  from 
SO  to  qo  kilos,  the  Tiroportion  is  4  grams  of  heart  for  each  kilo:  in  tndividuida 
ha%')ng  a  body -weight  of  100  kilos.  i,s  grama  of  heart  for  each  kiloof  bodv-wcijfljt. 
The  auricles  become  wronger  with  increasing  a((e.  The  right  x-cntricte  wetgha 
half  ns  much  as  the  left.  In  man  the  heart  weighs  jog  grami:  in  woman,  374 
grams  Blosfeld  and  Hieherg  found  the  heart  in  man  to  weigh  J46  griuns:  m 
woman,  from  jio  to  ;i4o  grams  The  thickness  of  the  left  ventricle  in  man  aver- 
agM  11-4  mm.:  in  woman,  lo.ij  mm,:  the  thickness  of  the  right  ventricle.  41 
and  3.6  mm.  mpectively. 
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THE    CORONARY   VESSELS ;    AUTOMATIC   REGULATION,  NUTRI- 
TION, AND  ISOLATION  OF  THE  HEART. 

With  reference  to  the  origin  of  the  coronary  arteries  the  question  at 
once  arises  whether  the  orifices  of  these  vessels  are  closed  by  the  eleva- 
tion of  the  semilunar  valves  during  systole  as  a  result  of  the  application 
of  the  valve-leaflets  to  the  walls  of  the  vessels  or  whether  such  occlusion 
does  not  take  place. 

AHatontical. — The  two  coronary  arteries  arise  from  the  region  of  the  sinus 
of  Valsalva.  The  point  of  origin  varies:  (i)  It  is  either  within  the  concavity  of 
the  sinus;  or  (3)  the  mouths  of  the  vessds  are  not  completely  within  the  range 
of  the  margin  of  the  valve,  and  this  is  frequently  the  case  with  the  left  coronary 
of  man  and  the  ox;  or  (3)  the  orifices  project  beyond  the  margins  of  the  vajve 
(this  is  rare).  These  findings  alone  make  it  improbable  that  closure  of  the 
mouths  of  the  coronary  arteries  by  the  semilunar  valves  during  ventricular  systole 
is  a  constant  physiological  phenomenon. 

AUTOMATIC  REGULATIOK  OF  THE  HEART. 

According  to  Briicke  the  openings  of  the  coronary  arteries  are 
covered  by  the  semilunar  valves  during  systole,  so  that  they  can  be 
filled  only  during  diastole.  The  advantage  of  this  arrangement  resides 
in  the  fact  that  (o)  the  diastolic  distention  of  the  ventricular  vessels 
stretches  the  muscular  fibers  of  the  ventricular  wall  and  thus  corre- 
spondingly dilates  the  ventricle  for  the  reception  of  the  blood  that 
pours  in  from  the  auricle  during  diastole.  (6)  On  the  other  hand, 
the  systolic  distention  of  the  coronar)'  arteries  would  be  useless  because 
the  dilatation  of  the  ventricular  wall  (due  to  the  distention  of  the 
arteries  already  mentioned)  would  resist  the  systolic  contraction, 
and  because  the  systolic  distention  of  the  coronarj'  arteries  and  the 
expulsion  of  the  blood  from  them  would  unnecessarily  diminish  the 
power  of  the  ventricle.  Accordingly,  the  diastolic  distention  of  the 
coronary  arteries  would  be  most  consistent  with  the  mechanical 
conditions  present.  This  mechanism  Brucke  has  designated  the  "auto- 
matic regulation  of  the  heart." 


Fig,  h, — Stmilunar  Valves,  Closed.  Seniilun.ir  \'alves,  Opcaed. 

This  theory'  and  its  underlying  principles  are  untenable,  for — 

1 .  The  filling  under  high  pressure  of  the  coronary  arteries  of  a  dead  heart 
not  only  is  followed  by  no  dilatation,  but  actually  causes  a  contraction  of  the- 
cavity  of  the  ventricle. 

2.  The  chief  branches  of  the  coronary  arteries  lie  in  the  sulci  of  the  heart 
embedded  in  the  loose  subpericardial  fatty  tissue,  where  their  dilatation  and  con- 
traction could  scarcely  have  any  effect  upon  the  Kize  of  the  cavities  of  the  heart. 

3.  Brown-S6quard  found  in  animals  and  v.  Ziemssen  in  a  woman  with  a  large 
deficiency  in  the  wall  of  the  left  thorax  that  the  coronar\'  pulse  was  synchronous 
with  that  in  the  pulmonary  arter>',  Newell-. Mart  in  and  Sedgwick,  by  mtroducing 
manometers  into  the  coronar\'  and  carotid  arteries  of  a  large  dog,  obtained  simul- 
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latieouA  ftulratory  elevations.  In  accordance  with  these  observatioDs  is  the  fact 
ihiit  s»  incited  Soranmry  artery  spurtx  contimioukl)',  vith  sj'rtolic  cxacerUitioiV, 
OA  do  nil  other  BrUa-ice 

4.  If  a  strong  stream  of  water  is-  yassed  imermittenily  thnnigh  a  miHicientl)' 
large  tube  ininxturcil  into  tin-  left  auricle  of  a  fresh  pijj's-heart .  and  it  ts  forced 
IhroiiKh  the  ntincul(»-vcmnci)lar  oriticc  on  into  the  aorij ;  and  if  the  aorta  beyimd 
its  arch  is  connccicd  wich  a  large  tube  direcieJ  upujinl  (in  order  to  esiablish 
presAuTC  in  tlic  ni>rta),  the  water  will  lie  Mren  to  spurt  continuously  from  the 
divided  coronary  artery,  with  *}-*tolic  cxaccrhali'ms. 

3.  There  is  constantly  present  in  the  sinuHeti  i>C  \'abalva  an  amount  of  blood ' 
Kuflicient  lo  fill  the  arterJe*  in  <|ue8tion  duhnK  syetole. 

6.  The  valve*  when  ele\-atcd  are  not  applied  clo*ely  againat  th«  wall  of  lh« 
aorta,  v\"en  with  Ihi^  t^atoii  amount  of  {iressure  that  can  be  exerted  by  the 
ventricle.  On  the  comrarj-,  there  remains  between  each  valve-lcaflel  and  the 
noftic  wall  a  leniilunar  spuce  tilled  with  t)li>od.  a<  iw  «hi>wti  in  Fi^.  14. 

7,  Undoiihlrd  r.-iKe^  of  rxten*ive  deiitructiiin  of  the  semdunar  \*alv«e  that 
with  certainty  render  closure  of  the  motiths  of  the  coronary  ancrics  impowiblB 
are  directly  ojiponed  to  this  theory. 

5.  Okwervations  on  miucle  have  shown  that  durinK  contraction  its  small 
vessels  undvr^o  dilatation  and  the  blood-sticam  through  it  is  accelerated.  It  is, 
therefore,  "lifticxill  to  believe  that  in  the  coniraeted  hvart-muxrle  the  mo\>emcnt 
of  the  blociil  *houl<l  cease. 

As.  during  ttie  systole,  the  small  arterial  branches  lying  close  to  the 
ventriciJar  cavity  ere  exposed  to  a  pressure  greater  than  that  of  the 
aoita  a  systolic  compression  of  their  lumen  occtirs.  w-ttli  a  forcing  out 
tif  their  contents  in  tlie  direction  of  the  veins.  The  ventricular  con- 
traction thus  aids  the  flow  of  tlie  Mood  in  the  coronary  vessels;  marked 
dilatation  of  the  heart  diminishes  it. 

The  capillary  vesseb  of  tlie  myocardium  are  numerous  tn  correspond- 
ence witli  the  energetic  activity  of  the  heart;  they,  like  (he  small  ve^els 
generally,  Itc  within  the  muscle-bundles  in  contact  with  the  muscle- 
cells.  With  their  tran.iiiipn  into  veins  .several  of  them  coalesce  almost 
at  once  to  form  a  larjjc  vein,  from  which  the  extremely  easy  passage  of 
the  blood  into  the  veins  is  readily  understood.  The  veins  are  provided 
with  valves.  As  a  result  it  happens  that  (i)  with  the  systole  of  the 
right  auricle  (therefore  during  the  veniricuhir  diastole)  the  venous 
stream  is  interrupted:  (2)  with  contraction  of  the  ventricle  the  flow  of 
blood  in  the  cardiac  veins  is  accelerated  in  the  same  way  as  it  is  in  the 
veins  of  the  muscles.  This  systolic  acceleration  of  the  venous  flow 
permit.s  of  the  conclusion  tliat  the  arterial  circulation  is  not  interrupted 
at  this  time. 

The  coronary  arterio*.  between  which  no  anaiitomoM«  occur,  are  eharacteriied 
by  the  ^rrat  thiekneM  of  their  elastic  and  CMiini'i-'tive'liicnu-  intinui.  and  thix  pcr- 
bapii.  explains  the  frequency-  of  calcilication  in  these  vcsselE.  Many  of  the  lower 
verU'briiia;  have  no  vetuel*  ill  the  he  art- «ul  stance  (anangiotic  hearts) —for  exam  pie. 
the  frog:  but  this  statement  is  disputed. 

The  motor  disturbances  and  even  the  complete  cessation  of  action 
that  have  been  observed  in  the  heart  after  partial  or  compiete  occlu- 
sion of  the  coronary  vessels  arc  of  importance,  particularly  as  analogous 
conditions  are  obser\'ed  in  man  in  consequence  of  occltision  or  narrowing 
of  the  coronary  arteries  (for  example,  as  a  result  of  calcification). 

Mnk,ni. — In  rabbits,  undvr  llie  inlluenee  of  cur.'ire  and  with  anincial  respira- 
tion, or  after  previous  xvlinn  nf  the  viijii  (in  order  to  excluile  the  inbilntor>' 
inllucncc  of  this  nerve',  it  is  possible  10  clamp  off  the  coriinary  arteries  close  to 
their  uriKiit  [miit  xIk'  aorta  with  n  sprinfl  damp  U):&<ion  ts  less  saiiHfactoi>';  U 
it  cannot  Iw  accompli  shed  without  wounding  the  heart.  In  dojpt  it  is  poMible 
10  push  a  glasa  rod  provided  with  a  buttoo-likc  extremity  from  the  subclavian 
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artery  loto  tltft  mouth  of  a  coronarv  artery.     Injections  of  various  aulutaii««s 
capable  of  cau&ing  occUKi<m  have  akii  ln't-n  irit-il 

In  1867,  V.  BczoM  noted  in  rabbits  after  clamping  off  the  coronary 
arten,'  that  tfae  heart-beat  grew  rapidly  smaller  and  smaller ;  then 
the  contractions  occurrwl  in  grmips.  periodically ;  later  on  the  regular 
movement  of  the  ventricle  ceased  entirely,  and  in  its  place  the  muscie- 
wall  exhibited  a  peculiar  fibrillar>'  contraction;  finally  the  heart  stood 
still.  As  the  circulation  was  ret-staUished  after  removal  of  the  clamp, 
the  phenomena  appeared  in  reverse  order  until  the  heart  regained  its 
normal  beat. 

If  in  a  dog  the  right  descending  cornnar\'  arten.'  and  the  circumflex 
artery,  together  with  the  arteo'  of  ^hc  septum,  are  ncclude<l,  the  heart 
sotm  ceases  to  beat.  The  closure  of  only  two  of  the  three  arteries  caused 
a  cessation  of  contraction  in  g  out  of  14  animals;  while  closure  of  the 
septal  artery  or  of  the  right  coronary  artery  alone  had  no  effect.  In 
almost  all  instances  the  auricles  likewise  cease  beating.  The  heart  of 
a  dog  that  has  once  ceased  to  beat  recovers  only  with  great  difficulty. 
It  apjwars  that  the  fibrillary  contractions  are  due  to  irritative  injury  in- 
flicted during  the  operation,  and  not  alone  to  the  stasis  of  the  hlood. 

If  in  rabbits  only  the  left  coronary  artcr>'  is  occluded  the  beat  of  the 
left  heart  is  slowed  and  weakened,  while  the  right  heart  pulsates  without 
change.  As  a  result  it  occurs  that  the  left  half  of  the  heart  can  no  longer 
empty  itself  completely,  so  that  particularly  the  left  auricle  becomes 
filled  to  distention  with  blood,  while  at  the  same  time  the  unaffected 
rieht  heart  continues  to  drive  blood  into  the  lungs.  In  consequence 
edema  of  the  lungs  develops  as  a  result  of  the  high  pressure  in  the 
lesser  circulation  which  is  transmitted  from  the  right  hearl  through  the 
pulnionarj'  vessels  into  the  left  auricle.  According  to  Sig.  Mayer 
persistent  dyspnea  has  a  similar  effect,  with  earlier  weakening  of  the  left 
than  of  the  right  ventricle:  the  pulmonary  edema  preceding  death  can 
be  explained  in  this  manner. 

The  heart  in  the  higher  animals  can  maintain  its  activity  only  when 
the  circulation  of  blood  through  its  walls  is  maintained.  The  heart 
from  which  the  blood  is  completely  removed  rapidly  ceases  to  con- 
tract. The  coronary-  circulation  must  convey  the  necessar)-  oxygen 
and  nutritive  materials  to  the  myocardium,  as  well  as  remove  the 
metabolic  products  from  it.  The  excised  "isolated"  m.immalian  heart, 
which  is  fed  at  bodv-hcat  through  the  coronar>*  vessels  with  bright-red 
blood,  remains  active, 

LAiij>«T»!orfl  mntntditiK  th«  circulntion  in  the  i^olAted  heart  by  allowins  the 
coronaiy  arteries  tn  lit-  tillcfl  from  thr  aorta  OthiT  fluids,  for  cxampk-,  lake- 
colored  blood  or  serum,  arc  incapable  o(  maintaimng  thf  heart's  activity.  At 
mcKt.  Kucli  xoliitviiiN  (;w.  fi^r  rxMinpIt,  alkxlint;  KitU-tolutJim  mixed  tvil.h  e^K-nl'^u* 
min— 1000  altmniin  <)ilut<.'d  with  watt-r.  0.1  sodium  chlorid.  0.1  calcium  chlorid. 
e.oj5  potassium  chlorid).  in  so  far  as  they  cxcri  a.  slightly  irritating  effect,  are 
capable  of  sttmulatini;  the  hvarl  for  ti  iimr.  If  the  heart  is  irlatvd  in  ynre 
ojLjgiai  thu  DulKitiQn  may  be  maintained  for  a  conf.i<lvrAblc  time  bv  pufrsin^ 
ttrum  thrfAigti  the  oardinc  vc^^i. 

Also  the  iiwilated  frog's  heart  can  be  included  in  a  circulation  by 
oiMUft  of  suitable  tubes.  To  maintain  its  contractions  oxygen  and 
nutritive  fluid  are  necessary  to  distend  its  cavities.  This  object  is 
best  fulfilled  by  arterial  blood;  indifferent  fluids  (0.6  percent,  sodium 
chlorid)  quickly  bring  about  a  condition  of  "apparent  death."  from 
wliich.  however,  the  organ  can  be  revived  by  nutritive  fluids. 
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The  frog's  bMtt  is  less  readily  exhausted  thas  that  of  the  higher  vmebntes. 
Serum -alt'uinin.  ^Iknline  a^it-Kolutioiu  ui  blcxMl.  or  oi  milk.  tiiaiTe  slightly  viscid 
with  altniiniTi  or  gum  araUf  and  saturatrd  with  oxygt-n.  atk  o-»pali!e  of  main- 
Itiinini:;  the  actix'ily  of  the  hcan  for  a  long  time. 

Pathological. —Ill  the  i^rrscnce  of  so-ciillwl  sclerosis  of  the  coronarv  arlerit^ 
in  pld  aRi-  triL-n;  ncriir  iuuir  or  i-hrvnic  Attacks  ciT  cnnliac  disniiility.  tVeakncsft 
of  the  heart,  altcraiiuns  in  rh>'lhm  and  frequency  (to  8  in  a  minute'),  conslitulc, 
lojcther  with  dyapnc-o,  nyntoW,  stasia,  ultacks  <-f  ]>itIi;>otiary  edniia.  the  nKist 
charact eristic  pheiiomtnii ;  and  thev  may  lerminaie  in  death  from  so-call«d  h^art- 
faiUir^.  In  a  caw  n(  occliwinn  of  the 'left  ccrnruuy  artery  in  a  man  Hammer 
sair  the  pulse  fall  from  S«  to  8.  the  I>cat8  being  interrupted  b>-  spasmodic  vibra- 
tion. 

THE  MOVEMEHTS  OF  THE  HEART.     VARIATIONS  IN  TONE. 

.1/cf/fJxf. — In  addition  to  direct  obBen'ation,  the  kinemaiograph  may  be  osed 
to  great  advanta;jc  f'f  rccftrdlng  iui<l  pnijcccinjc  the  mcA'rraciiis  ol  the  heart,  par- 
ticularly at  a  slow  ratL- 
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m.  •(-— IHwrunmailc  lupmtnuiiofl  M  iltr  Aurinilar  SrNok  «Uh  VvurioUar  Trlliliifi    and  ol  AMicuUr 


The  movement  o(  tbe  heart  is  apprectahic  as  alternate  contraction 
and  relaxation  of  the  hearl-wnlls.  The  entire  motor  phenomenon 
designated  tlic  carduic  Cycle  consists  of  three  parts:  contraction 
of  the  auricles  {auriculnr  systole):  contraction  of  the  ventricles  {vvn- 
tricular  systole),  and  the  pause,  dtiring  which  the  auricles  and  the  ven- 
tricles are  relaxed  [diastole).  DurinR  the  contraction  of  the  auricles  the 
ventricles  are  at  rest,  during  the  contraction  of  the  ventricles  the  auricles 
are  relaxed.  The  following  phenomena  can  be  noted  successively  during 
a  cycle  of  the  lieart : 

(A)  The  blood  streams  into  the  auricles,  which  in  consequence  are 
distended.    Tbe  cause  for  this  resides  in: 
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1.  The  pressure  of  the  blood  in  the  vena  cav«  (on  the  right)  and 
the  pulmonary'  veins  (on  the  left),  vrhich  is  greater  than  the  pressui« 
within  the  auricles. 

2.  The  elastic  traction  of  the  lungs,  which  after  the  completed  con- 
traction tends  to  separate  the  relaxed  yielding  walls  of  the  auricles  lying 
in  contact  with  each  other.  The  auricular  appendages  are  distended 
coinddcntly  with  the  auricles.  The  appendages  serve  in  a  measure 
as  reservoirs  for  the  auricles,  to  accommodate  the  large  amount  of 
blood  flowing  in  from  the  veins, 

(B)  The  Auricles  Contract, — There  occur  in  rapid  sequence: 
I.  The  contraction  and  evacuation  of  the  auricular  appendages  in  the 
direction  of  the  auricle.  Simultaneously,  the  entering  veins  are  con- 
stricted by  tlie  contraction  of  their  circular  muscular  layers,  especially 
tbe  supenor  vena  cava  and  the  site  of  entrance  for  ihe  pulmonary 
veins. 

a.  The  walls  of  the  auricles  contract  rapidly  in  a  wave-like  manner 
from  above  downward,  particularly  toward  the  auriculo- ventricular 
orifices,  in  consequence  of  which — 

3.  The  blood  is  forced  downward  into  the  relaxed  ventricles,  which 
now  become  considerably  dilated.  As  a  result  of  the  auricular  con- 
traction there  occur: 

(a)  A  slight  stasis  of  the  blood  in  the  large  venous  trunks,  such  as 
can  be  readily  observed  particularly  in  rabbits  on  exposure  of  the  point 
of  junction  of  the  jugular  and  subclavian  veins  after  division  of  the 
muscles  of  the  chest.  There  is  no  actual  refiux  of  the  blood,  but  only 
a  slight  stasis  due  to  partial  interruption  of  the  flow  into  the  auricle, 
because,  as  has  been  stated,  the  sites  of  entrance  for  the  veins  are  nar- 
rowed: because,  further,  the  pressure  in  the  superior  vena  cava  and  in 
the  pulmonary  veins  soon  counteracts  the  tendency  to  regurgitation; 
and.  finally,  because  in  the  further  ramifications  of  the  inferior  and 
to  some  extent  also  of  the  superior  cava  and  of  the  rardiac  veins, 
valves  prevent  the  reflux.  In  the  blood  thus  stagnated  in  the  vens 
cava:  the  movement  of  the  heart  causes  a  regular  pulsating  phenome- 
non that,  when  abnormally  increased,  may  give  rise  to  the  appearance 
of  a  venous  puUe. 

(6)  The  principal  motor  effect  of  the  auricular  contraction  is  the 
distention  of  the  relaxed  ventricles,  which  in  small  measure  are  dilated 
by  the  elastic  traction  of  the  lungs. 

Earlier  and  lati-r  invrstigaton  hnve  attributed  ths  distention  of  the  vcn- 
tnel««  in  pan  to  Ihe  elasticity  of  the  iniiBciilar  walls.  It  has  been  thought  that 
Ibe  strongly  coninu^ictl  v-«ntriculaf  walk,  like  a  compressed  niht>cr  l>ulb,  in  re- 


turning to  thfir  resting  normal  shape.  thncaiKh  thrir  nwn  rlasticitv.  a^irate  the 
blood  with  iiegativc  pressure.  Such  suction-powct  on  the  par:  oi  tnc  ventricle  ix, 
however.  eiTective  only  in  iJtjrht  decree,  if  aj^all. 

(<r)  With  the  distention  of  the  ventricles  the  auriculo-ventricular 
valves  at  once  float  upward  (Fig.  a6).  being  in  part  forced  up  by  the 
counter-stroke  of  the  blood  from  the  wall  of  the  ventricle;  in  part  they 
are  capable,  by  reason  of  their  lower  specific:  gravity,  to  spread  out  and 
Boat  horizontally:  in  part,  finally,  tliey  are  drawn  upward  by  the  longi- 
tudinal muscular  fibers  passing  from  the  auricles  upon  the  valves. 

(C)  The  vt'iitrktfs  now  contract  and  the  auricles  relax.    In  this  phase— 
t.  The  muscular  walls  contract  on  all  sides  and  reduce  the  si2e  of 
the  ventricular  cavity. 
; 
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1.  At  the  same  time  the  blood  presses  against  the  luider  surface 
of  the  aoriculo- ventricular  valves,  the  inverted  margins  of  which 
interdigitate  and  become  hennetically  applied  to  one  another  (Tig.  a6). 
The  valve-leaflets  are  prevented  from  being  forced  back  into  the 
auricular  cavity,  because  the  tendinous  cords  hold  their  under  surface 
and  margins  linnly  like  an  inflated  sail.  The  approximation  of  the 
edges  of  adjacent  valves  is  favored  further  by  the  circunistancei 
that  the  tendinous  fibers  alwa}!:  pass  from  one  papillarj*  muscle  to 
the  edges  of  two  opposed  valves.    To  the  extent  that  the  lower  ven- 
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imiuvnl,  ooly  ihr  GbriHU  riuci  uij  the  iui*Xuli>- >«iirwular  i-al**)  Uin^  rduiinl;  L.  Idi;  Jt.  itclll  imufdt; 
S,  iltuKian  of  Itit  trptum'  f.  lill  niirniu  iihk-  ooli  ili«nl  nllnl  t>ln-.  D.  rUhl  fihrnut  (iiu.  irtlb  clcHd  Hi- 
Muifldnln,  ^iMtlK.  with  ilie  Irft  {«i)  mhI  l>tc  (i|hi  (c)  (vraaryuWtr;  £  •iau*  of  Vtkalm;  P.  pti- 

titcular  wall  approaches  the  valves  during  contraction  and  thus  might 
render  possible  a  bulging  backwan!  of  the  valves  into  the  auricle,  com- 
pensation is  provided  by  the  shortening  of  the  papillarj'  muscles  and 
of  the  large  mu.tcle-containing  tendinous  cords  themselves.  The  valves 
when  closed  present  an  approximately  horizontal  surface,  There  re- 
mains, therefore,  in  the  ventricles,  even  at  the  licighl  of  contraction, 
always  a  remnant  of  blood,  the  so-called  residual  blood. 

3.  When  the  pressure  in  the  ventricle  exceeds  that  in  the  arterial 
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vessels,  the  semilunar  valves  are  opened,  become  stretched  like  teadon 
above  their  concave  sinuses  (Fig.  24).  without  bccomUiji  applied  to  the 
arterial  wall,  and  allow  the  blood  to  enter. 

Golti  and  Gaulf  found,  by  means  of  maximal  and  minimal  maoonuters.  Ji 
negative  pressure  in  the  vcnlricJcs  during  a  certain  phase  of  the  heart'*  con- 
traction amountitiK  in  the  doj;  W  — 1,1,5  w"'  "^  merojry  in  the  left  vcjiuiclc. 
The>'  su£p«cicd  ihat  ihis  phase  coincidi^d  vith  the  diastoUc  dilatation  and  for 
i^t/A  they  Ihus  assuiucd  a  considerable  power  of  aspiration.  Mocas  is  of  the 
opinion  that  tKis  negative  prvsj^ire  prcvaife  iii  the  ventricle  shortly  before  the 
*ystrtlc  host  reached  its  maximum.  He  explains  the  ft.spirfttton  as  hemg  producc-d 
by  the  formntion  of  a  vantum  in  the  vcntridc,  which  must  de\flpp  as  a  result  of 
the  active  movement  of  ihc  blood,  through  the  aorta  and  the  pulmonary  artery, 
l»ehind  th<r  cimilatmK  maun  of  hliHict.  theredire  in  the  ventricle.  Gaulc  and  Mink 
b^ltpve  that  Ihr  syscolic  <.-n1argL-ment  of  the  aorta  must  at  the  same  time  cause  a 
<tilatattcin  of  the  conua  arteriosus  of  the  left  ventricle. 

(D)  After  the  ventricular  contraction  has  attained  its  height  and 
relaxation  has  commenced,  the  semilunar  valves  close  with  an  audible 
sound  {Fig.  27).  The  diastole  of  the  ventricle  is  followed  by  the  pause. 
Under  normal  conditions  the  two  halves  of  the  heart  contract  and  relax 
simultaneously  and  tiniformly. 

The  heart -muse  1 1-  c;^hii>its  in  its  activity  certain  variations  in  tone,  that  i». 
It  docs  not  with  every  systole  contract  from  the  same  decree  of  relaxation  to 
tJiC  some  deKTet  of  cuntraction.  but,  ratlier,  there  folluw  m  rhythmicii!  jirriods 
»cne«  of  contracMons  that  arise  from  a  considerablt'. 
degree  of  rclwsati'in  of  the  hcart-rauscle.  alternating 
with  series  of  contr^ctiuut  that  beK>n  IQ  a  less  com- 
plete degree  of  relaxation.  With  the  latter  the  deBree 
ol  contraction  is  gn'al«r  than  with  the  former.  ThwM- 
VATiations  in  tone  have  been  found  especially  in  tht< 
atiricl*  of  the  lortoise-heart.  When  the  arterial  lilood- 
pnssut»  is  moderately  increased,  the  heart  expels  a 
larger  amount  of  blood;  if.  however,  the  arterial 
preanirc  is  Rreatly  incn^asetl.  the  amount  of  bloocl 
expelled  at  each  systole  becomes  lc».  Extracts  of 
testicle,  sujirareiial  gland,  pituitary  gland  and  spleen 
is  o, ;  per  cent,  fodium-chlt^rid  solution  added  to  blood 
mc«rt  M  tonic  etlccl  upon  the  heart ;  the  *xtcnt  of  the 
cOBtracttona  increaaes  atid  the  beats  beeonM  more 
t»ular.  Under  the  influence  of  alcohol  the  heart 
exAibita  a  marked  degree  of  relaxation  and  a  low 
degree  of  contracTion.  The  influence  of  various  poi- 
sons i£  vuf  labte.     Meat  tiiereases  the  vartattons  in  tone. 

Whether  the  relaxation  of  the  heart-muscle  is  an  active  dilatation  or  not  has 
been  decided  in  the  affirmative  by  some  investigators.  Stimulation  of  the  vagus 
(likewise  digitalis  and  strychnin)  in  said  to  increase  the  active  dilatation; 
while  section  of  the  vagus  (likevi-ise  atropin)  is  said  to  diminiah  it. 

PATHOLOGICAL    DISTURBANCE    OP   THE    FUNCTION   OF   THE 

HEART. 

All  olMtntclions  to  the  bintid-llow  through  the  different  portions  af  the  heart 
or  of  the  vessels  connecting  them  give  rise  U>  a  permanent  mcrra--ic  in  the  work 
of  that  portion  of  the  heart  especially  coiiccmed  with  relation  to  the  affected 
section  of  tbe  ctrculatiu^.  and  in  coiutequence  to  an  increase  in  the  thicknesa  of 
tfae  muscular  waits,  with  diiatnlion  of  the  civvity.  Should  the  restittance  alTcct  not 
alone  one  aeetion  of  the  heart,  but  consecutively  other  parts  further  on  in  the 
eourve  of  the  blood-stream,  these  also  wil!  undergo  secondary  hypertrophy.  If, 
in  addition  to  tnerei^ing  the  mui«le-«ul)>!iani:?e  of  the  nflected  portion  of  the  bean, 
itscavity  ifiat  the  same  time  dilated,  as  is  often  the  case,  the  condition  is  designated 
exoeniric  hj-pertrophy,  or  h>'pertfiophy  with  dilatation. 

The  obVtnictiona  under  onsideration  in  the  domain  of  the  vascular  channels 
arc:  constriction  (stenosis)  of  the  arterial  or  venous  oriAccs  and  lilccwtse  defective 
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closure  (innufEciency)  ol  the  valves.  The  latter  causes  resiatanoe  to  the  blood- 
flow  bv  permitting  rcfurgitation  of  a  portion  of  tfae  blood  already  propelled 
onward.      In  this  way  tncrc  rc&xtlts; 

1.  Hyperirophy 'of  ihc  l*it  veniricle  from  hindrances  to  the  blood-flow  in 
the  territory  of  the  mater  circulation,  chiefly  In  the  arteries  and  capillari«», 
not  in  the  veins.  In  Uiis  caiogon'  bclcngn  steoociii  of  the  aortic  on5cie  and  of  th« 
aorta  further  on;  alto  calcification  and  loss  of  dacticity  in  the  larsc  snerics, 
irregular  dilatations  of  the  arterta^l  walls  (aiteurysiit) ;  insulticiency  of  the  aorlic 
valves.  OB  a  result  of  which  the  left  vi^tricle  is  continually  subject  tn  the  aortic 
pressure;  finally,  aBfcctions  of  the  kidney,  in  consequence  of  which  a  xrcatcr 
arterial  preasurc  is  required  in  order  that  the  uriac  may  be  excreted.  In  the 
prcMmce  of  mitral  rcKurptatioji  alw,  hj'pertrophy  of  the  left  ventricle  ia  nccccsary 
lor  compensation,  nnd  a  simitfir  rnWeement  occurs  in  the  left  auricle  in  conse- 
quence of  the  heightened  pressure  in  the  lesser  cimtlation 

».  Hypertrophy  of  the  left  auricle  results  from  mitral  stenosti  and  from 
mitml  regurgitation,  and  nlui  consecutively  to  aortic  regurgitation  beicause  the 
auricle  must  overcome  the  uninterrupted  aortic  pressure  that  is  present  in  the 
left  ventricle. 

1,  Hy|)crtrophy  of  the  right  ventricle  results  from  (a)  hindrances  to  the 
blood-flon'inthc  territory- of  the  leswcr  circulation.  These  are;  f<i>  atrophy  of  vascu- 
lar areas  of  considerable  size  in  the  lungs  in  consequence  of  destruction,  contrac- 
tion or  compression  of  the  tunes  and  from  loss  of  numerous  capillaries  in 
emphysematous  lungs.  (i>)  Overdistentioo  of  the  lewer  circulation  with  blood  in 
consequence  of  stepocis  of  thtr  mitrnl  ontice  or  of  inicufKciency  of  the  mitral  valve; 
alto  coBsecutivcly  to  hypertrophy  of  the  li^ft  auricle  resulting  frr>Tn  aortic  rcjjur- 
^tatlon.  (b)  Hypertropliy  of  the  right  ventricle  must  occur  also  in  conjunction 
with  insiil1ictenc\-  of  the  piulnionary  valves,  which  permit*  the  blood  to  reffur^i- 
tate  into  the  ventricle,  so  that  the  pressure  of  tht?  pulmonary  artcr>'  prevails 
continually  in  the  cavity.     This  condition  is  exceedingly  rare. 

4.  Hypertrophy  of  the  ri^ht  auricle  develops  conKcutively  to  the  condition 
last  mentioned,  likewise  in  associatioa  with  stvnosis  of  the  rizht  aurictdo-vcntricu- 
lar  orifice,  or  from  insufhcicncy  of  the  tricuspid  valve.  This  condition  b  un- 
common When  several  obstructions  in  the  circulation  occur  together  there  is 
a  combination  of  the  retutting  phenomena.  O.  Rocenboch  ha«  investigated  the 
manner  and  method  by  which  the  heart  maintains  its  activity  after  the  occur- 
rence of  valvular  lesions.  If  the  aortic  valves  were  perforated,  with  Of  without 
simultaneoui:  iiijur\-  to  the  mitral  and  tricuspid  valves,  the  heart  performed  tirxl 
an  increase  of  work,  which  coimteractcd  the  physical  defects,  »o  that  the  blood- 
pressure  did  not  fall.  The  heart,  therefore,  possesses  reserve  powers,  which  are 
broucht  into  play  only  when  they  are  required.  In  consequence  of  the  valvular 
insufncicncv  dilatation  iirst  develops  as  a  result  of  the  reKurEitation  of  blood  into 
the  affected  chamber  of  the  heart.  Then  follows  hypcrtropnv.  but  until  this  t» 
completed  the  compensation  must  be  eficctcd  by  the  rcscr^'c  power. 

Under  the  conditions  that  especially  render  diastole  ditficult  there  should  yet 
be  mentioned:  large  cMtiiioni;  into  the  pencardiat  sac  or  presaure  00  tbe  heart  from 
tumors.  The  systole  is  greatly  interfered  with  by  adhssions  between  the  heart 
and  tlie  connective  liwue  of  the  mediastinum  Under  such  circumstances  the 
surroundini;  tisKues,  even  the  thoracic  wall,  must  l>c  drawn  upon  with  each  con- 
traction of  the  heart,  so  that  i>'stolic  retraction  and  diastolic  projection  occur 
in  the  situation  of  the  apex-bcat. 


THE  APEX-BEAT.  THE  CARDIOGRAM. 

By  the  temi  apex-beat  (ictus  s,  impulsus  cordis)  is  understood  the 
ttsible  and  palpable  elevation  of  a  circumscribed  area  of  the  fifth  (less 
commonly  the  fourth)  left  intercostal  space,  caused  by  the  action  of  the 
heart.  At  time;)  the  apex-beat  is  less  distinct,  especially  when  the 
heart  strikes  against  the  fifth  rib  itself.  Changes  in  the  position  of 
the  body  alter  somewhat  the  situation  and  the  lorce  of  the  apex-beat. 
A  grapluc  representation  of  this  movement  can  he  obtained  by  means  of 
a  registering  apparatus — the  apex-beat  tracing  or  the  cardiogram. 

Meikad — To  obtain  a  tracing  of  the  apex-beat  the  cardiograph  of  Marey  may 
be  cmp1o)'ed.     The  instrument  has  been  modified  by  various  invcstigaton.     Th» 
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pxTutphyKmoeniiih  (if  Rrondyeest  is  cxwntially  ihe  same  as  Marcy's  apparatus. 
with  unimporiant  changes.  Marey's  Bphygmograph  can  also  be  used.  In  anima.la 
tlic  cardtogram  can  be  rvgloUrcd  by  ligaiing  tli«  lube  of  the  pansphygmograpb  in 
the  pirricaruium. 

In  the  normal  tracing  of  the  apex-beat  of  man  (A)  or  of  thcdt^  (B) 
the  following  details  are  distinguishable:  ab  corresponds  to  the  period  of 
the  pause  and  of  the  contraction  of  the  auricles.  As  the  auricles  con- 
tract in  the  direction  of  the  heart's  axis  from  the  right  anti  above  to  the  left 
and  downward  it  is  not  surprising  that  the  apex  of  the  heart  advances 
toward  the  intercostal  space.  In  this  portion  of  the  tracing  there  can 
be  seen  generally  two  or  even  three  slight  elevations  which  may  be  due 
to  the  rapidly  successive  contractions  of  the  venous  endings,  the  auricular 
appendages,  and  the  auricles  themselves. 


f».  tt.~A,  NoriDal  apci  Imt  indag  ttam  ana,  B,  Iroia  ■  ^i  C  mdnf  of  an  taltrtud  *pa  txai  Irvm 
•  ittr.  D  md  E.  baniul  a[ini-b(M  trddns*  <wm.  mwa  vtcwded  upon  ■  vlbnmm  niniOB-fork  pinu.  tltch 
NfnilGs  ntnmro.a  «.0i6i]  Mcmil  of  lime.  In  all  ol  Uw  tnwtas*  a  1*  Indlcaica  tlw  auricular  tuouictioii. 
b  c  tht  vrnincntar  coDtnaioa:  d,  thtdofunol  ibewtilc  nlvM;  t.  tlu  dcsunof  Ibe  pulmoDiry  nlvM; 
■  r,  ulamiao  of  tb*  vniiridn- 

Natnrally  the  last,  occasionallv  distinct,  elevation,  oct-urring  shortly  before  b 
(oorrwponding  to  B  v  and  C  v  in  Pi's.  3 1) ,  will  be  look«d  upon  « the  true  auncuUr 
ODntractlon;  v.  Zteinccen  and  Ter  Grcgnhiinz  were  nblu  i»  rrgi«Tcr  the  elevation 
of  Che  auricular  appendix  pn?C(.>ding  the  auricular  contraction  in  a  woman  with 
as  exposed  heart. 

The  line  be  is  caused  by  the  ventricular  contraction.  It  is  this  alone 
that  is  appreciable  to  the  palpating  finger  as  the  apex-beat.  The  hrst 
sound  of  the  heart  commences  with  the  beginning  of  the  ventricular 
contraction. 
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The  cause  of  the  ventricular  imputsft  realties  in  llie  following  fa*  tors  jj 

1.  The  base  o(  the  heart  (the  junction  of  fiuricles  and  ventricles), 
which  in  diastole  presents  the  form  of  a  transverse  ellipse  (Fig.  29,  I.  F 
6"),  is  contracted  to  a  rather  circular  figure  (ii  /)).  In  this  way.  the  large 
diaiueter  of  the  ellipse  {F  G)  is  naturally  diminished  and  the  small 
diameter  (J  c)  \s  increased,  ami  in  consequence  the  base  is  brought  nearer 
to  the  chest-wall  {,c).  This  alone,  however,  does  not  produce  the  apex- 
beat,  but  the  base  of  the  heart,  thus  brought  somewhat  nearer  the  chest- 
wall,  and  hanlened  during  systole,  affords  the  apex  the  possibility  of 
making  the  movement  thnt  constitutes  the  apex-beat. 

2.  The  ventricles,  which  during  the  period  of  relaxation  have  their 
apex  (Fig.  39.  II,  t)  directed  obliquely  downward  in  th«  lineof  their  long 
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Fm.  t^i—^  Hntunaul  Scaioii  thmub  ika  UcMt  lod  ihr  Ijtoifk  'rofmho-  wiih  ihe  CtuH-villt.  ia  At  Umodo- 
Mnlloo  oJ  ihe  Qunct  in  Ibc  Shapfuf  ilic  H.uc  ei<  the  Mean  ilurin(  <h<  Cunini-iHin  lA  lin  Veninclc*;  F  G, 
naUVEna dUmcfrl  cl  ttL<  rmlricln  iluilniiilUinila,  r.,  imiTiLin  <>l  ihi-iaimni  iiiiifi>iilii  *tSi:  d  t,  uuuvtrM 
dkncler  ul  Ibc  miUirln  durint  tniole  villi  i.  Ih>  pmiion  ol  i)ji  >i>icri<.r  viuiiiiulu  kkII  4unnf  vfMit. 
l\.  Ltml  Vicv  «l  ihF  TVwtioa  nr  On  Heart;  i,  (lie  ipubni  diuios  lUuinle;  t.  durtni  lyflulc  (U  p«n 
■lltT  C.  Ludotf  (ltd  Hrakr). 

diameter,  so  that  the  angles  {bci  and  a  c  1)  formed  by  the  junction 
of  the  ventricular  axis  with  the  diameter  of  the  base  are  unequal, 
represent  a  symmetrical  cone,  with  its  axis  perpendicular  to  its  base. 
Accordingly,  the  apex  (i)  must  be  elevated  from  below  and  behind  for- 
ward and  upward  (/>)  (W.  Harx'ey;  "Cor  sese  erigere").  and  it  thus 
thrusts  itself,  hardened  during  systole,  into  the  intercostal  space 
(Fig.  29.  II). 

3.  During  the  systolic  contraction  the  ventricles  nf  the  heart  undergo 
a  slight  spiral  rotation  about  their  long  axes  ("latentleminclinationem," 
W.  Harvey),  so  that  the  apex  is  carried  from  behind  slightly  forward. 
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wliile  at  the  same  time  a  considerable  area  of  the  left  ventricle  is  turned 
forward.  This  rotation  is  due  to  the  fact  that  many  of  the  tibeis  of 
the  ventricular  muKcles  that  arise  from  the  portion  of  the  fibrous  ring 
that  is  turned  toward  the  chest--waU  at  the  junction  of  the  right  auricle 
and  ventricle  pass  obliquely  from  above  and  to  the  right  downward  and 
to  the  left,  in  part  to  the  posterior  aspect  of  the  left  ventricle.  Thus, 
they  draw  the  apex  of  the  heart  upward  in  the  direction  of  their  course, 
ajsd  its  posterior  aspect  slightly  toward  the  anterior  wait  of  the  thorax. 
This  rotatory  movement  is  favored  by  the  circumstance  that  the  aorta 
and  the  pulmonary-  artery,  which  are  applied  to  each  other  in  a  slightly 
spiral  manner,  effect  a  rotation  of  the  heart  in  the  same  direction  at  the 
time  of  systoHc  tension. 

According  to  an  rartirr  opinion  the  cardiac  impulse  was  hcJd  to  be  produced 
or  at  least  increased  by: 

4.  The  recoil  iliai  the  veiUricles  are  supposed  to  experience  [like  a  dis- 
charged fiiearto)  at  the  instant  when  the  column  of  blood  empties  itself  into  the 
Oiorta  and  the  pulmonary  artery.  The  apex  would,  of  course,  be  driven  in  tlio 
o^oaite  directiou  by  tliui  recoil,  thut  ii>,  downwiud  and  n  little  outward.  I^andois, 
bowever,  hiu  pointer!  out  thnt  the  blood-coUimn  is  dttchftrgcd  into  llie  vessels 
o.e>&  second  after  the  V>ftginning  of  the  vcinriciilaf  contraction,  while,  on  th«  other 
hand,  tbt  iipex-b«xt  begins  simultaneously  n-ith  the  drat  sound. 

As.  however,  the  apex-beat  is  observed  in  bloodless  hearts  taken 
from  animals  after  death,  and  as  the  apex  of  the  heart  is  not,  as  it 
would  be  on  the  theory  of  the  recoil,  displaced  downward  and  to  the 
left  during  systole,  but  upward  and  to  the  right  (as  has  been  confirmed 
by  V,  Ziemssen  in  a  woman  whose  heart  was  espa';ed},  the  recoil  cannot 
be  regarded  as  a  factor  in  the  problem. 

After  the  ventricles  by  their  systolic  movement  have  traced  the 
greatest  part  of  the  apex-beat  curve,  as  far  as  its  apex  (c).  the  curve 
rapidly  descends  and  the  ventricles  pass  from  a  state  of  extreme  con- 
traction to  one  of  relaxation.  Soon,  however,  two  smciH  elevations 
appear  in  the  descending  limb  of  the  curve  at  d  and  e,  These  are  due 
to  the  abrupt  closure  of  the  semilunar  valves,  which,  being  effected  with 
a  certain  degree  of  force,  is  transmitted  along  the  axis  of  the  ventricles 
B5  far  as  the  apex,  and  through  the  latter  even  causes  concussion  of  the 
tntercosuil  space;  d  corresponds  to  the  closure  of  the  aortic  valves,  e  to 
that  of  the  pxUmonao'  valves.  The  valves,  therefore,  do  not  close  at 
the  same  time,  there  being  an  interval  of  about  from  0.05  to  o.og  second 
on  the  average.  Owing  to  the  greater  pressure  of  the  hlood  in  the 
aorta  the  aortic  valves  close  earlier  than  those  of  the  pulmonary  artery. 

While  invcsiigntors  arc  agreed  that  the  first  sound  of  the  heart  begins  ac 
th«  point  b  of  the  cardiogram,  various  atiiicincntti  have  been  made  with  regard 
to  t^  po<nt  Bt  which  the  rejpslriition  of  the  second  sound  o(  the  b«art  takes  place. 
.UaJtius  dcAignfttes  the  deprcstion  between  c  tmd  d  (Pig.  iS,  B)  mt  the  point  tbAt 
corresponds  to  the  second  hrart-sound :  Landois  the  apicrs  d  and  e.  when  the 
teniion  of  tl»e  senultmar  valves  is  inci^oxed;  Hurthle.  Einthoven  and  Gelult  o-oi 
(•eood  after  e:  Maiey  »nd  Fn-deric<j  nlMiit  mtilway  lietW(«n  e  and  (;  and,  imolly. 
Gdsreo  at  a  point  inimediati-ly  in  front  of  I. 

idtihod. — In  order  to  determine  the  time  when  the  heart-sounda  arc  heard, 
ttieir  vibration.^  ure  traiiMiiitted  tn  ii  mtiT<i']>h<)ne  attiichcd  tn  the  thoriix.  The 
instromcnt,  which  is  thrnAti  into  vibration  by  each  sotmd  of  the  heart,  opens 
ftadcloHa  an  dectric  circuit  with  each  vibrtttion  and  thus  allractsaa  electromagnet. 
Of  acta  a  capillary  electrometer  (Fig.  itg)  in  motion.  If  by  meana  of  another 
contrivanee  th«  cardiogram  is  made  to  register  at  the  utme  time,  the  point*  on 
the  Utter  at  which  the  heart-sounds  are  heard  can  be  seen. 

From  the  point  e  to  the  foot  of  the  cur\'c  (at  f)  comprises  the  time 
during  wliich  complete  diastolic  relaxation  of  the  ventricles  takes  place. 
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THE  TIBIE-RELATIONS  OF  THE  MOVEMEITTS  OF  THE  HEART. 

.(/i'/'n*i.  — TIic  tiow-fclutioiis  vi  the  inOividiMtl  pluiiSM  o£  tlic  muvtniciita  of 
the  heart  can  b«  most  reliably  disctrned  in  the  curve*  of  the  Apex-beftt: 

When  the  dist&nce  travcntcrl  m  a  tiniform  rate  in  a  unit  of  timo  u  known 
for  thr  registering  surface,  the  time  corresponding  to  each  portion  of  the  curve 
can  be  ascertained  by  direct  measuremeni  {as  in  the  case  of  pulse-curvec) . 

LanduiK  ilelvrmiDed  the  Itmi;  by  having  the  curves  traced  on  a  tablet 
vibrating  on  the  arm  of  a  larsc  tuning'fork  (Fig.  Oo).  The  curve  then  contains  in 
all  of  its  scginenis  snuill  undulations  due  to  the  vibrations  of  the  tuning-fork. 
In  Fig,  j8.  T)  and  E  ri-i>rewnt  aoex-bcat  curve*  of  healthy  student*  rcgistcrrd 
in  thia  way  (in  D  the  elevation  d  is  not  distinct).  A  complete  vibration  of  the 
tuoiDtf-iork  (from  the  apex  of  one  undulation  to  that  of  the  next)  corresponds 
to  a.01613  second;  bv  counting  the  number  of  uTidulntiotis  and  multipl^ns  by  the 
factor  the  time  is  obta.tned.  Although  there  is  a  certain  regularity  in  the  time 
of  the  individual  phases  of  the  raovrment.  the  readings  ncvertnelegs  var>*  between 
wide  limits  even  m  healthy  individuals. 

The  value  of  a  b,  which  is  eqtiivalent  to  the  pause  plus  the  auricular 
contraction,  is  subject  to  the  widest  variations  and  depends  chiefly  on 
the  frequency  of  the  pvilsc;  for,  the  more  rapidly  the  heart-beats  follow 
one  another,  the  shorter,  naturally,  will  be  the  pause,  until  it  finally 
disappears  altogether.  Even  when  the  rate  of  the  heart  is  slow,  it  is 
often  impossible  to  distinguish  in  the  curve  the  portion  corresponding 
to  the  pause,  which,  owing  to  the  gradual  iilling  of  the  heart  and  the 
resulting  slight  bulging  of  the  intercostal  space,  has  a  gently  ascending 
form,  from  that  due  to  the  auricular  contraction  and  appearing  as  a 
hillock.  In  one  case  in  which  the  heart-beats  were  55  in  a  minute. 
Landoia  found  the  pause  to  be  0.4  second  and  the  auricular  contnic- 
tion  0.177  second.  In  Fig.  38.  A.  the  pause  plus  the  auricular  con* 
traction,  when  the  heart  beats  74  times  in  a  minute,  is  foimd  on 
measurement  to  be  0.5  second.  In  D  the  corresponding  period  a  b  is 
equivalent  to  from  19  to  so  vibrations,  or  0.33  second:  in  E  the  period 
is  equivalent  to  s6  vibrations,  corresponding  to  0.4a  second. 

The  ventricular  systole  is  estimated  from  b.  the  beginning  of  the 
contraction,  to  e.  the  completed  closure  of  the  semilunar  valves  of  the 
ptilmonary  artery.  It,  therefore,  extends  from  the  hrst  to  the  second 
heart-sound.  This  period  is  abfo  variable,  though  considerably  more 
constant.  When  the  action  of  the  heart  is  accelerated,  the  period 
becomes  less,  when  the  action  is  slower  the  period  increases;  in  E  it  is 
0.3 J  second,  in  D  0.39  second;  when  the  heart-beats  were  only  55  Lan- 
dois  found  it  to  be  0.34  second;  but  when  the  frequency  is  exceedingly 
great  it  declines  to  0.199  second. 

Londnis  was  able  to  .tscirrtnin  the  intcreating  fact  that  when  the  left  ventricle 
is  enormously  liypcrtrophicd  and  dilated,  the  duration  of  the  ventricular  contrac- 
tion docs  not  iimtcrially  exc*cd  the  normal. 

That  the  ventricle  contracts  more  slowly  when  the  action  of  the  heart  is 
weakened  is  fthown  when  the  registering  instrument  is  placed  on  the  ventncle  o( 
an  animal  that  has  been  killed,  and  the  ncart-hcat  is  recorded.  In  Fig.  30.  60m 
the  ventncle  of  a  rabbit  the  slow  heart-beats  (B)  are  at  the  same  time  of  longer 
duration. 

Tljis  affords  an  opportunity  to  dclermioe  accurately  the  length  of  the  period 
to  be  hUowciI  for  the  ventricular  s^'stolc.  Landt^  thought  it  wise,  in  order  to 
avoid  misundenitandinK.  lo  distinguish  the  following  three  separate  factors: 

I.  The  intcr^-al  between  the  two  heort-soimds,  that  is.  from  the  beginning  of 
the  first  to  the  end  of  the  second  sound  (Fig.  aS,  b — e). 

».  The  time  occupied  bv  the  blood  in  entering  the  aorta;  This  evidently  ter- 
minates at  the  depression  between  c  and  d  (Fig,  »8,  E);  its  beginning,  however. 
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does  not  coincide  with  b.  u  from  0.085  ^  ^-^73  ^°  <*-^  second  elapses  bctwcva  the 
bcf^nning  of  Oiu  vencncular  contrition  and  the  opening  of  the  scnithiiinr  valves 
«i  the  aorta.  According  to  this  calculation  the  entrance  of  the  blood  into  the 
Hrt«  (aortic  inllaw)  would  occupy  from  o.oS  to  0.09  second.  Landots  arrived  at 
this  TMult  by  th<^  following  calciUstion :  The  interval  between  the  first  »ound  of 
the  bean  and  the  pultc  at  the  axillary  artery  is  0.137  second.  The  propagation 
of  the  pult<^-«'Bvc  along  the  distance  frooi  the  root  of  the  aorta  to  the  axillary 
anery,  which  is  equivalent  to  30  ceniimetera.  cannot  occupy  more  than  o.osa 
second  of  this  time  (coi-r«<pondinfi  to  the  aiialogouK  veluciiy'  i»  the  distnnce — jo 
cm.— from  the  axiliarj-  tn  the  radial  artcr}'  «  o.oij).  Hcixoe.  the  pulsc-wa^'c  in 
the  aorta  cannot  take  place  earlier  than  0.13;  minus  0.051  ~  008;  second  after 
the  beginning  of  thi-  fir&i  sound  of  the  heart.  LjtnduU  found  in  agreement  with 
Hfirtble  that  in  somL-  cardiograms  the  point  that  marks  the  hcginninK  of  the  How 
of  Mood  into  the  artcnes,  or.  what  is  the  same  thing,  the  time  of  ihc  opening  of 
the  semilunar  valves.  i«  indicated  in  the  aHcending  limb  b>-  a  small  interval  between 
band  c.  The  current  in  the  pulmonary  artery  11  not  interrupted  until  the  point 
« is  reached. 

3.  Finally,  the  time  occupied  by  the  muscular  contraction  of  the  ventricle 
may  be  considered.  The  contraclifMi  beginx  at  b.  reaches  it*  greatest  degre«  at  c. 
md  if  not  fi)U(iweil  by  cmnplete  relaxation  until  f  is  reached  The  apex  of  the 
tuHi-c  c  may.  howxvcr.  be  higher  or  lower,  according  as  the  intercostal  space 
yields  more  or  less:  the  position  of  c  is,  therefore,  variable. 

The  time  that  elapses  between  d  and  e.  that  is,  between  complete 
closure  of  the  semilunar  valves  and  of  the  pulmonary  arten*.  is  greater 
inlproportion  as  the  pressure  within  the  aorta  exceeds  that  within  the 
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pulmonary  artery,  as  the  closure  of  the  valves  is  effected  by  the  pres- 
sure from  above.  This  intcnal  may  vary  frtim  0.05  second  to  more 
than  twice  that  length  of  time;  in  the  latter  event  the  second  sound  of 
the  heart  is  also  duplicated.  If,  however,  the  tension  in  the  aortic 
system  diminishes  and  the  pressure  in  the  pulmonary  artery  rises,  the 
interval  between  d  and  e  may  be  diminished  to  such  a  degree  that  the 
tiro  coincide  at  one  point  in  the  curve. 

The  time  occupied  by  the  ventricles  in  relaxing  (e  ()  after  closure 
of  the  pulmonar>*  valves  is  also  subject  to  a  certain  degree  of  variation; 
in  healthy  adults  the  average  may  be  given  as  o.i  second. 

When  the  action  of  the  heart  is  greatly  accelerated,  the  time  occtipicd  by  the 
pause  is  the  first,  to  become  shortene^d,  as  Dondcra  and  Landoitt  have  utand.  then 
the  time  occupied  by  the  auricular  and  ventricular  systole  also  is  shortened,  ic 
If  tr  degree,  though  quite  distinctly.  With  the  highest  dtgree  of  pulse -frequency 
the  beginning  ol  the  auricular  systole  coincides  with  the  closure  oi  the  arterial 
va]\'«B  of  the  preceding  heart-lwat,  a  phenomenon  that  is  strikingly  illustrated 
in  the  tracing  from  a  dfig  (Fig.  »8,  C). 

As  during  the  rtgi'stratinn  of  apex-heal  cur\'ei  the  heart  is  separaled  from  the 
n^tcring  instnimeiit  by  the  soft  parts  of  the  initrcostal  dpace,  which  vary  in 
thickness  and  in  resistance  and  cannot  in  every  case  follow  the  moA-ements  01  the 
bean  with  entire  ease,  it  cannot  be  expected  that  the  various  portions  of  iho  curve 
riiall  coincide  with  mathematical  accuracy  with  the  corresponding  phases  of  the 
heart's  movements. 
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GtlKon  bad  tbe  opportunity  of  taking  cardiograme  frocn  a  case  of  fissure  of 
the  sccrauro  in  a  man.  and  obtained  tbe  followinx  timc-valuca;  Auricular  contrac- 
tion (a  b)  —  o.i  IS.  vcmricuUr  contraction  (b  d)  ■•  o.a8.  ttiKrval  between  the 
closure  of  tbe  %'alvcs  (d  e]  —  e.C9>  ventricular  diastole  (e  0  "  «-i  >•  pause  —  0^45 
second. 

In  larfiie  mammaU  (horse«)  Marey  and  Chauveau.  in  tS£i,  by  a  moat 
tlioroujdi  mMhod  obtained  ivcords  of  the  phoMs  of  the  mavcmt-nti  of  the  heart 
in  the  lollowing  manner:  Long  cathetcr-liVe  twbcs,  provided  at  their  lower  ex- 
tremity with  a  closed  and  compreastble  rubber  bulb,  were  connected  by  means  of 
a  f!exil>le  piece  of  tubing  ntCacned  to  the  oilier  end  with  the  registering  drum  of 
the  cttrdioKrapb  (Fig.  44,  KS).     It  is  evident  that  nnth  every  oompressioo  o(  the 
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rubber  bulb  tbe  stylus  connected  with  tbe  registering  drum  of  tbe  instnuuent  will 
l»c  elevated. 

Fig.  31  shows  a  number  of  curves:  In  making  A  Uie  rubber  bulb  was  in  the 
fight  uuncle.  having  been  introduced  through  the  jugular  vein  and  the  superior 
vena  cava;  in  makin]^  B  tbe  bulb  wat  introtluccd  iiito  tbe  right  ventricle  through 
the  tricuspid  orihce:  in  matcing  D  it  was  introduced  through  the  carotid  as  lar 
as  the  root  of  the  aorta:  in  making  C.  through  the  semilunar  valves  of  the  aorta 
mto  the  left  ventricle;  and.  finally,  in  milking  E  ihir  bulb  was  applied  externally 
to  the  apex  of  the  heart  between  this  and  the  tntwr  aspect  of  the  chest-wall,  la 
all  of  the  curves  v  indicates  the  auricular  contraction,  V  the  ventricular  contrac- 
tion, t  the  closure  of  tbe  temilunar  valves  (which  occurred  earlier  in  B  than  in  C)i 
and  P  the  pause.     As  tbe  recording   surface   moves  at  a  uniform  rate  and  the 
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scale  for  the  distance  covcfed  ia  each  second  is  given,  ihc  individual  periods  at 
utile  can  be  nieiuiircd. 

It  »eciiu  f^rubnbk,  howc%'vr.  that  the  iatroductiun  «(  the  tubes  into  the  bevt 
is  not  n-jthout  influence  on  ihc  rt^ular,  undisturbed  course  of  its  activity. 

[n  order  to  determine  the  conditions  (ircsont.  ooineidi-ntly  witli  the  preitciire 
in  the  ventricle  and  in  the  aorta  m  the  dojj.  HUrthle  employed  hi*  blood -pressure 
recorden;  (Fig.  67).  which  were  c'iMinectcd  hy  meiins  01  luliet  with  the  interior 
of  the  ventricle  and  of  the  aorta.  A  cfinllo^rani  wa^  taken  at  the  same  time. 
The  vertical  lines  o,  i ,  »,  3  indicate  conditions  identical  in  ume  in  Uie  three  curves. 
The  point  o  corrcniunds  with  the  lieKuininif  of  the  ventricular  contruclton  and 
the  lint  Bound  of  the  heart:  while  the  cmrancc  nf  the  Mood  into  the  aorta  occurs 
after  an  interval,  namely  at  the  {joint  1 .  The  poini«  t  and  3,  according  to  Kurthlc. 
indicate  the  closure  of  the  semilunar  vah'c>  (second  sound  ol  the  heurt),  Fred- 
ericq  obtained  similar  remits  by  mi-ans  of  othtr  cxperimert*. 

One  point  rcm&inn  to  be  cleare<i  up.  namely,  whether  the  auricle  and  the 
ventricle  work  in  exact  altomaiion.  in  such  a  way  that  the  auricle  relaxes  at  the 
tnstaat  when  the  venlnde  l>e^s  to  contract,  or  whether  the  ventriele  begins  to 
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contract  while  the  auricle  still  remains  contracted  for  a  short  time,  to  that  for 
A  short  period  ol  time  at  least  the  entire  heart  is  contracted  Heartbeat  curves 
taken  from  human  subjects  appear  to  show  that  the  ventricular  contraction  bepns 
aa  the  auricular  contrueiion  t-iidis;  v.  Ziemsxen  and  'Vkt  Gre^jriitnK,  who  made 
curves  directly  from  tbt-  auricK-  of  the  exposed  heart  of  a  "^'uman,  arc  likewise 
in  accord  with  the  view  that  the  auricular  contraction  continue*  for  a  lime  while 
the  ventricles  are  beginnini;  to  contract:  ami  also  Heiiil,  on  the  sirensih  of  a 
similar  olocrvation. 

A.  Pick,  who  believes  thai  the  coniracijniis  alicrnalc.  considers  this  alternation 
aa  a  means  for  maiulaioiuK  the  prcsiture  in  tht.'  larxe  venouii  trunks  approximately 
constant.  As  the  auricle  TL-Laxcs  at  the  instant  when  the  vgnlnculor  nystole  bcKins, 
there  is  no  impediment  lo  the  How  of  venous  blood  into  the  auricle;  whereas  if 
ihr  Rurictilar  contraction  were  10  persist,  the  blood  would  be  dammed  back,  As. 
further,  the  auricle  contracts  at  the  instant  of  ventricular  relaxation,  there  will 
be  no  abnormal  preswire  in  the  vvinn.  In  this  way  the  prewtire  within  the  aunde 
may  rvmain  more  uniform  and  the  blond-stream*  in  the  ends  of  the  veins  more 
conacani. 


PATHOLOGICAL  VARIATIONS  IN  TU£  HEART-BEAT. 

The  position  of  thu  licart-Wal  le  iillen.'d;  (i)  Bv  the  aocumulalion  of  Suid 
(serum,  pus  or  blood)  or  of  g:i*w  in  one  pleural  cavity.  Copious  eflusioiw  into 
lh«  pleural  cavity,  which  ai  the  came  time  compress  the  lung  and  fierce  it  upward, 
may  dtmlace  the  heart  as  far  as  the  right  nipple  Editions  into  the  right  pletira 
cause   dIsplacenMnt   of   the  heiirt    to  the   left.     Ac  the   right   heart  is   forced 
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to  greater  exertion  in  ordei'  to  propel  the  blood  througfa  the  oomprened  lunf , 
the  apex-beat  under  such  circumstances  is  usually  accentuated.  Marked  disten- 
tion of  the  luags  (cmphyvcma) ,  whidi  depresses  we  dUphrsgm.  also  causes  down- 
ward and  inward  dtspfaoement  of  the  apex-beat.  CoaverMly,  elevation  of  the 
dtaphrasni,  as  a  result  of  contraction  of  the  hings  or  of  pressure  by  the  abdomiital 
orj^ns,  Aos  the  effect  of  di^l&cins  the  apex-beat  upward — flomctimies  as  far  as 
the  third  intercostal  space — and  a  little  to  the  l«fi,  Thiclcening  of  the  muscular 
wall  of  the  heart  with  dtlataiton  of  the  citWties  (h)'p(mro7)hy  and  dilatation),  when 
it  affects  the  loft  ventricle,  causes  an  increase  in  The  len^h  and  bruadth  of  ths 
chamber.  aiHl  the  accentuated  apex-beat  becomes  palpable  to  the  left  of  the 
nipple-Iiue,  tometimes  in  the  axillary  line  in  the  sixth,  seventh,  or  even  eifhtb 
intercostal  space.  Hypertrophy  and  dilatation  of  the  right  ventricle  cause  an 
increase  in  the  width  of  the  heart:  the  apex-beat  is  felt  further  to  the  right. 
•OfDctimes  even  to  the  right  of  the  sternum,  but  .at  the  same  time  also  a  certain 
distance  beyond  the  left  nipple-line.  In  the  rare  cases  of  transpositioa  of  the 
viscera,  in  which  the  heart  it  situated  in  the  Tit;ht  half  of  the  thorax,  the  apcx-beat 
is  of  course  found  in  exactly  the  eorrespondinf;  situation  on  the  ngbt  ctae  of  the 
thorax.  Landoii  was  the  lirst  to  lake  an  apcx-bcat  <?urve  from  a  he.irt  of  this 
kind  and  found  that  it  presented  all  of  the  normal  features.  When  the  heart-beat 
extends  to  ihe  left  l>eyond  thi-  nipple-lino  nr  to  the  right  bey^d  the  parasteraal 
tine,  the  area  of  cardiac  impulse  is  enlarged  transwrse^.  a  condition  that  always 
tndicatM  hypertrophy  of  the  heart.  When  this  iransverae  enlargement  is  unusu- 
ally great,  tfie  apex-heat  may  extend  over  several  Intercostal  spaces  or  over  both 
sioies  of  the  thorax. 

The  apex-tieat  appears  abnormally  weak  in  association  with  atrophy  aod 
dej^eneration  of  the  heart-muscle,  or  when  the  innervation  of  the  controlling  nerves 
is  impaired.  The  cardiac  impulse  may  be  weakened  or  even  completely  obhtcrated 
also  when  the  heart  i*  fon:e<l  away  from  the  ch«at~n'atl  by  an  accumulation  of  Suid 
oc  of  gas  in  the  pericirdium,  by  a  f:rcatlv  diitendcd  left  lung,  or  by  an  cftusion  into 
the  left  pleural  ea\-itv  The  Mme  condition  results  either  when  the  left  ventricle 
is  imperfectly  filled  rluring  eontraction  (in  consequence  of  marited  stenosis  of  the 
mitnu  orifice)  or  when,  owinc  to  exiTcine  narrowing  of  the  aortic  orilice.  it  can 
empty  itself  but  gradually  and  tlouiy. 

An  increase  of  the  a'peX'brat  is'observed  in  the  presence  of  h>'pertrophy  of 
the  walls  of  the  heart,  as  well  as  in  asscciation  with  the  most  diverse  irritative 
conditions  (psychic,  inllammatory,  febrile,  toxic)  affecting  the  heart  and  its  con- 
trolling nerves.  Extreme  hypertrophv  of  the  left  ventricle  causes  a  hca%-ing  apex- 
beat,  so  thai  a  portion  of  the  chest-wall  is  elevated,  with  systolic  concussion. 

In  some  ca»C3  the  apex-beat  is  quite  distinct  or  even  abnormally  distinct, 
while  the  pulse  is  quite  small.  This  phenomenon  is  due  to  insufhcient  emptying 
of  the  venirictes  (jpurious  contraction  of  the  hearts. 

Systolic  retraction  i*  not  infrequently  oh«en.*ed  on  the  anterior  chest-wall 
in  the  third  and  fourth  intercostal  ifpaees  on  the  left  side  under  normal  conditions, 
espscially  when  the  action  of  the  heart  is  accentuated  and  when  there  is  cxcsntrie 
hypenrophy  of  the  ventricles.  An  the  apex  is  somewhat  displaced  with  each 
ventricular  contraction  and  the  ventricles  at  the  same  time  diminish  in  siie,  the 
yielding  soft  parts  of  the  intercostal  space  aie  drawn  in  to  fill  the  vacuum  thus 
formed.  When  the  heart  is  adherent  lo  the  pencanliiim  and  the  surrounding 
connective  tissue,  movement  of  the  heart  during  nystole  becomes  impossible  and 
the  apex-beat  is  replaced  bv  systolic  retraction  of  the  apical  area-  Under  soch 
circumstances  the  chest-wall  bulges  during  diastole,  in  a  measure  representing  a 
kind  of  diastolic  apex-heat. 

The  changes  in  the  aprx-hent  that  occur  in  association  with  fimctional  dis- 
orders of  the  heart  arr;  bp«t  studied  by  tracing  apex-beat  curves,  as  has  been  done 
hy  a  number  of  clinictanc  since  I..andots  rirct  published  hie  method  in  1876. 

In  the  curve  shown  in  Fig  ^1,  P.  in  redticed  size  and  obtained  from  a  case  of 
marked  hypertrophy  and  dilatation  of  the  left  ventricle,  the  ventricular  contrac- 
tion as  a  nile  is  exceedingly  large  (b  c),  although  the  time  ("rctipiei!  in  mntraction 
by  the  sreatly  ii>crcesed  muscular  nuuu  of  the  ventricular  wall  is  not  materially 
longer  than  under  normal  conditions.  The  cur*-es  I'  and  0  were  oblaioed  from 
a  man  with  a  high  erade  of  *-?tc<Ti1ric  h>Ter'.rrtT>by  "f  the  left  ventricle,  resulting 
from  insufficiency  of  the  n*--  ■■^      The  cur\-c  Q  was  taken 

purposely  at  a  point  near  i!:  :'-ilie  retraction  was  pre«ent. 

Although  the  position  of  the  ir'iHvi.Jciu  (.fii  .im  .(  tlte  curve  is  changed,  the 
indi\-idual  phsMS  of  the  heart's  action  are  nevertheless  well  shown. 


PATHOLOGICAL    VARrATIONS    IK    THE    IIEART-BBAT. 


IO<^ 


Fig.  E  represenU  the  apcx-beut  in  «  cue  nt  stenosis  of  the  atonic  oril!ce. 
Tbe  fturicular  contractton  (a  d>  is  quite  brief,  the  vcmricular  con t rati iun  i.t  viniMy 
prolonged  and  after  a  short  rise  (b  c)  vxhibilt  a  series  oi  indcnutions  (c  «)  caused 
ay  the  musft  of  Wood  forcing  its  way  through  the  stenotic  and  roughened  entrance 
to  the  aorta. 

Fig.  F  represent*  the  apex-beat  in  a  case  of  insufiicieocv  of  the  mttTAl  \-alve; 
a  h  is  well  marked  in  consequence  of  the  tnereused  ncttvit\'(if  the  left  ventricle; 
the  shock  (d)  caused  by  the  cltwure  of  the  aortic  valves  is  slight  on  account  of 
the  diminished  tension  in  the  arterial  systcni  On  the  other  hand,  the  nhoclc  of 
the  iKr«nitiated  puliDonic  second  sound  (el  i>taiidx  lilce  a  hiiee  accent  high  upon 
the  summit  of  inc  curve.     In  consequence  of  the  tension  in  ine  pulmonary  artery 


Flo.  11.  -Vanou*  r«ini  erf  PaibokitfcB]  Apn-brM  Cwivt.  Id  tB  vl  thne  curvu  *  b  liullckta  ihc  aurkuW 
atatnrtiaa'.  h  t.ikt  vanricutu  (oairaetinn'.  d.  <lw  ckiv  ol  Ih*  unic  (emiluau  valva;  e.  that  oi  the  pul- 
nHjturj  ytl<n*;  r  f ,  the  timt  Mcupnl  tij  ibr  nitmlioa  ol  llw  nelricls. 


the  pobnonary  second  sound  may  be  so  accentuated  and  it  may  follow  so  quickly 
after  the  second  aortic  soum!  (d)  that  the  two  almosl  or  quite  coincide  (H  and  K), 
The  curve  in  a  case  of  stenosis  of  the  left  auriculo- ventricular  orifice  (G) 
pre9cnL.«  first  of  all  a  long,  irrej^ular.  indented  auricular  contraction  (a  b).  due  to 
the  fact  that  the  blood  is  forced  thruu^h  the  nturov,-  orifice  with  considerable 
agitation  and  frietioti.  The  vcntnculnr  contraction  (b  cl  is  feeble  on  account  of 
the  imperfect  fillinj;  ol  the  left  chamber.  The  closures  of  the  t«'o  vuIvm  d  and  e 
^^_  are  separated  by  a  comparattvelv  lonp  interval  and  the  ear  distinctly  hears  a 
^^B  duplicated  second  heart-sound,  "the  anrlic  valve*  chwe  rapidly  because  the  aorta 
^^M  receives  only  a  small  amount  of  blood,  while  the  more  abundant  flow  of  Mood 
^^M  into  the  puhnonar)*  anerji  causes  retarded  closure  of  the  pulmonary  valves. 
^^1  When  the  heart-beats  are  rapid  and  weak  and  the  tenrion  in  the  aorta  and 

^^M    the  pulnkoiur)'  artery  is  low,  the  signs  of  closure  of  the  va)>-es  in   the  latter 
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THE    UBART-SOUNDS. 


may  be  cntirehr  Dblitcnti«<l.  ns  in  carve  L  titk«n  from  a  eirl  with  exophthalmic 
goiter  who  suffered  from  nervous  palpiiaiion  of  ihc  h<-«rt. 

In  rare  cases  of  mitral  inaurVicit-ncy  — a  conditiim  in  which  the  right  veatricU 
is  greatly  ovcrlillcd  with  b1cii»l.  whiK*  the  left  cvalains  but  litlk.  so  that  thf  riicht 
h&8  to  work  harder  to  cmi^iv  itself  than  docs  the  left— a  peculiar  action  of  thv 
hcATt  has  been  ol)»erv«cl.  but^  v«i)incl«8  appearing  at  times  to  eontraet  together 
and  th«n  again  the  right  ventricle  alone  (Fig.  M  after  Motbraoc).  Curve  I,  whidi 
appears  in  cvtry  nspcct  like  a  normal  ap«-x-l)eat  eurve,  wai  token  when  the  entire 
heart  was  active:  there  was  present  an  arterial  pulse  cofTeeponding  to  this  apes- 
beat.  Curve  II.  on  the  oth«-  hand,  appears  to  have  been  recorded  by  the  nghi 
heart  alone,  and  it  accordingly  lacks  tbc  closure  nt  the  aortic  valve*  (d);  nor 
was  there  an  arterial  pulse  corresponding  to  this  contraction. 

With  n»|iecl  to  the  coses  jiiat  coii.iidered  Landoia  exprcmed  tlic  opinion  as 
early  as  1670  that  the  phenomenon  could  not  be  explained  nn  the  mere  auT^KMition 
that  the  right  ventricle  alone  is  acti^-c  during  the  phases  in  qucstioa,  wiiAout  any 
parallel  action  on  the  part  of  the  left.  He  regardea  ouch  a  condition  as  impossibk, 
if  lor  no  other  renson  beeauite  nt  the  common  turangemeDt  of  the  muaelea  in  the 
two  vcniriclra  and  their  fci«ally  common  innervation.  The  period  of  apparent 
feat  of  the  left  vpntricte  is  probably  no  more  than  a  period  of  exceedingly  feeble 
action,  not  strong  enough  to  record  iixelf  in  the  a]jex-bcat  curve  by  tbe' closure 
of  the  aortic  valvn  ana  by  a  puUe  in  the  artertcs.  This  supposition  has  in  fact 
b«ai  confinsed  by  Riegcl  and  Lachmann.  Egcr.  Eichhont.  Stem.  H.  E.  Heiiug. 
and  others. 

THE  HZART-SOmroS. 

On  listening  over  the  region  ol  the  heart,  either  directly  with  the 
ear  applied  to  the  thorax,  or  wiih  the  aid  of  the  stethoscope,  or  in  ani- 
mals to  the  exposed  heart,  tvo  sounds  are  audible  that  really  do  cot 
deserve  the  name  of  tones.  Init  which  in  contradistinction  from  pathologi- 
cal heart-murmurs  are  designated  lieart-soutids.  As  they  possess  a  eer- 
tain  tonal  color,  it  has  been  possible  to  determine  their  mu&ical  pitch. 

The  first  sound  of  the  heart  is  somewhat  duller,  longer,  and  lower 
in  pitch  by  a  third  or  fourth,  fluctuating  between  d  sharp  and  g.  not 
dearly  defined,  especially  at  the  beginning,  and  synchronous  with  the 
vcotrictalar  systole.  The  second  sound  of  the  heart  is  clearer,  more 
valvular,  shorter,  and  therefore  more  distinctly  marked.  var>'ing  between 
£  sharp  and  b  flat,  clcariv  defined,  and  s\-nchronotis  with  the  closure  of 
the  semilunar  valves,  "the  first  sound  is  separated  from  the  second 
by  a  short  interval,  and  the  second  sound  from  the  succeeding  first 
sotmd  by  a  longer  interval.  In  musical  parlance  the  first  sotmd  appears 
as  a  rismg  beat  to  the  second,  which  is  then  followed  by  the  panae. 
The  vibration<valucs  and  the  rhythm  may  accordingly  be  expressed 
as  folloivs : 
_«  ^  -  V 


r^ 


Bu-tfip(lub-dtip) 


Bu-tup(lub-dfip) 


The  first  sound  is  caused  by  two  factors.    As  it  is  heard,  though 

faintly,  in  exci-tied  hearts  in  which  the  aunculo- ventricular  valves  are 
pre\'ented  from  being  stretched  and  relaxed,  and  as  it  is  heard  also 
when  the  movement  and  closure  of  the  valves  are  prevented  by  means 
of  a  fingerint-- '"  -  '  — •-  •' -  luriculo-vcntricular  orifice,  tht:  principal 
'      ■  It  in  the  muscular  murmur,  produced  by 

'ir  :  '    '  ■      rttricles. 


THE    HBART-SOUNDS.  Ill 

The  sotmd  is  augmented  asid  reinforced  by  the  tension  and  vibra- 
tions of  the  auricula-ventricular  valves  and  their  tendinous  bands  at 
the  instant  of  ventricular  contraction. 

Wintrich,  in  1873,  succeeded  by  the  use  of  suitable  resonators  in  dis- 
tinguishing one  sound  from  the  other;  the  clearer  and  shorter  valvular 
sound  from  the  deeper  and  more  protracted  muscular  tone. 


Fro.  34. — TopoKnph)'  of  Ihe  Tboruc  md  at  the  Thoracic  Viscertt;  a.  d.,  right  auricle;  o.  »..  Ifft  auride;  ».  d., 
n^iC  <railricle;  l,  left  vealncLe  with  Ij  a.pcx  of  the  heart;  A,  aorta;  II,  pulmonary  artery;  C.  j^upcrior  vena 
Ctva;  L  L,  boiukdariei  of  the  lungs;  F  P,  boundariea  of  the  parieial  pleura  (v.  Luschka  and  v.  Dusch). 

Under  patholo^cal  conditions,  such  as  typhoid  fever  and  fatty  heart,  in  which 
the  heart-muscle  is  greatly  enfeebled,  the  first  sound  of  the  heart  may  be  inaudible. 
In  the  presence  of  insufficiency  of  the  aortic  valves,  when,  owing  to  the  regurgita- 
tion of  the  blood  from  the  aorta  into  the  ventricle,  the  mitral  valve  is  made  tense 
gradually  and  before  the  ventricular  systole  begins,  the  first  sound  of  the  heart 
18  also  not  infrequently  absent.  Both  of  these  pathological  instances  prove  that 
the  codperation  of  muscle-tone  and  valve-tone  is  required  for  the  production  of 
the  first  sound  of  the  heart  and  that  when  one  of  these  elements  is  lost  the  heart- 
sound  may  become  inaudible.  It  should  further  be  mentioned  that  the  vibra- 
tions at  the  semilunar  valves  before  or  during  their  closure  and  the  vibrations 
of  the  fluid  elements  of  the  blood  itself  have  been  adduced  as  contributory  factors 
in  the  explanation  of  the  first  sound  of  the  heart. 
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ABMORMALITIBS  OF  THE  HEART-BEAT. 


Tlie  cause  of  the  second  sound  of  the  heart,  according  to  tlie  gener- 
ally accepted  view,  is  the  abrupt  closure  of  the  semilunar  valves.  It 
is,  therefore,  said  to  be  chieQy  a  valvular  sound.  It  is,  however,  in  part 
due  also  to  a  sudden  concussion  of  the  fluid  particles  in  the  large  arterial 
vessels. 

Landois  has  8ho%*n  from  apex-beat  curves  taken  from  healthy  in- 
dividuals that  the  semilunar  valves  of  the  aorta  and  those  of  the  pul- 
monary arter\'  do  not  close  at  the  same  time.  As  a  rule,  however,  the 
difference  in  time  is  so  slight  that  the  two  sets  of  valves  generate  only 
one  sound.  On  the  other  hand,  if,  owing  to  increase  of  the  difference 
in  pressure  in  the  aorta  and  in  the  pulmonar>'  artcrj*.  this  interval  be- 
comes greater,  a  duplication  or  splitting  of  the  second  sotuid  may  become 
quite  perceptible.  This  may  occur  in  perfectly  healthy  indi^Hduals. 
especially  at  the  end  of  inspiration  or  at  the  beginning  of  expiration. 
It  is  important  to  remember,  however,  that  although  the  second  sound 
corresponds  with  the  closure  of  the  semilunar  valves,  it  appears  proved 
that  the  closure  itself  gives  rise  to  no  sound;  it  is  only  an  mstant  later. 
when  the  tension  of  the  valves  becomes  greater,  that  the  second  sound 
becomes  audible. 

It  IS  generally  beheved  that  the  points  on  the  chest-wall  at  which  the  he>rt< 
Bonsds  are  heard  moct  distinctly  on  ^luicultation  corr«spoad  to  Uie  potnu  in  the 
neighborhood  of  which  ihe>-  arc  prodticed 

The  fir»t  val%'ular  sound  produced  at  ihc  rieht  auriculo- ventricular  orifice  is 
heATd  most  distinctly  at  the  junction  of  tlic  I'lith  nb  with  the  sternum  on  the 
right  side,  and  is  transmitted  from  tb»t  point  xomcn-hac  inward  And  obliquely 
upward  along  the  atcmum  (Fig.  i*.  ■)■  As  the  left  auriculo-vcntricular  orifice  is 
directed  mon  poMcrioriy,  towanl  the  interior  of  the  thorax,  and  is  covered/' 
front  by  the  arterial  orioccs,  the  tint  mitral  valvular  sound  is  heard  t>cet  at 
apex  or  immediately  above  it,  where  a  stnp  of  the  left  atiriele  is  in  inunedi. 
contact  with  the  chest-wall  (1t>  I)-  As  the  orifices  of  the  aorta  and  pulmonary 
artery  are  so  close  together,  it  i«  advisabte  to  listen  (or  the  sonic  srcond  heart- 
kkum  in  the  prolongation  of  the  axis  of  the  aorta,  that  is.  at  the  right  tK>rder 
of  the  sternum,  at  the  inner  extremity  of  the  right  costal  caruluge  (at  a).  The 
puhnooic  second  heart-sound  is  heard  'mc«t  diKttncUy  in  the  second  left  intercostal 
apace  a  tittle  to  the  left  and  beynml  the  edge  of  the  sternum  (at  IH.  The  aortic 
aecood  sound  is  clearer,  sharper,  and  shorter,  and  is  heard  over  a  larger  area  than 
the  pulmonic  secood  aound. 

To  dclermine  the  intensity  ol  the  heart-sounds  quantitatively  H.  Vicrordt 
tnacrts  between  the  chcst-wall  and  the  ear  a  series  of  solid  rubber  plugs,  wliich 
are  poor  conductors  of  sound,  placed  one  upon  the  other  in  the  form  ol  a  eolunui. 

ABNORMALITIES  IN  THE  HEART-BEAT. 

AeoKKoatioa  of  the  first  aound  of  the  heart  in  both  ventricles  indicates  a. 
mora  powerful  contraction  of  the  ventncular  muscle  and  a  cooaeqneat.  sudden,  one] 
iocreaaed  tension  of  the  auncalu-vtntricular  valves. 

Aecenloacioa  of  the  second  sound  is  a  sign  of  increased  tension  in  the  interior  ^ 
of  the  corresponding  larse  vessels.  Hence  accentuation  of  the  pulmonic  second^ 
sound,  which  is  such  an  important  diafnoatic  aign.  always  indicates  h\-per«nua^ 
and  exceMive  tensiaei  in  the  lesser  circulation. 

Feeble  heart-aoonds  are  esnaed  tw  shigi^iah.  weakened  heart  -actson  or  a!     

ischemia:  thrv  are  obscrred  particul:.-"      -  -  ics  of  mortod  defencrstiOD  qi  ^i 
hean-musde  '  The  catna  of  «-calaic<  Ual  hcart-aonnds  can  be   ' 

fnxn  the  foregoing  explanatig^^^ 

The  term  tm^^'^<<£Qnlt^^^^^b  t  the  bCHrt  arv 

alike  with  respect  m  lin^^^^^^tr  neart'\<««ls. 


e*^ 


the  ticVina  oi  a 
lrrcg\dantote_ 

sounrda 
with  air  J 


•liKtuni;  t)l  the  fe«ar^^J|CB 
iw»  m»v   rernler  tl-^^'Af\t*: 


ii6 


(RR  IT  ABILITY  OP   TBE   AUTOMATIC   WDTOR   CBKTSSS. 


7.  Each  contTnction  of  the  heart  is  follcnred  by  a  short  period  during 
which  the  heart  is  less  stisccptihle  to  subsequent  stimuli  (Marey's  re- 
fractory period)  and  the  conducting-power  of  the  muscle-substance  is 
reduced. 

8.  Stimulation  of  the  heart-centers,  apparently  reflex,  talces  place 
on  the  inner  surface  of  the  heart.  Feeble  stimuli  from  thiii  surface  are 
more  effective  in  accelerating  and  exciting  the  action  of  the  heart  than 
stimuli  from  the  external  surface  of  the  heart.  Stronger  stimuli,  which 
cause  arrest  of  the  heart,  also  act  more  readily  from  the  internal  than 
from  the  external  surface  of  tht;  heart;  under  such  conditions  also  the 
ventricular  portion  is  always  first  to  be  paralyzed. 

^.  Portions  of  the  heart  that  arc  devoid  of  ganglia  are  incapable  of 
independent  movement  unless  a  stimulus  be  applied ;  they  contract  only 
onc«  to  a  single  direct  stimulus,  or  they  may  beat  rhythmically  if  the 
stimuli  are  applied  continuously.  Such  a  stimulus  may  be  provided  by 
the  continuous  pressure  of  fluid  within  the  cavities  of  the  heart  or  by 
means  of  chemical  agents  brought  in  contact  with  the  heart. 

10.  The  pulsations  of  stimulated  portions  of  the  heart  devoid  of 
ganglia  indicate  that  the  ganglia  are  not  absolutely  necessary'  for  the 
productioa  of  rti^hmic  coetractions;  but  the  ganglia  are  more  irritable 
than  the  mtucte  itself.  Tbey  control  also  the  regular  alternating  action 
of  the  various  portions  of  the  heart,  eo  that  ntnmal  cardiac  action  must 
be  regarded  as  under  the  cootrol  of  the  ganglia. 

11.  If  the  bean  be  cut  in  such  a  way  that  the  individual  pieces 
remain  in  oommamcataoii.  tbe  regtUar  contractions  beginning  ia  the 
auricles  and  propagated  in  peristaltic  or  undulating  movements  to 
the  ventricles  persist  for  some  time.  XSTien,  however,  the  heart  is 
completely  divided  into  two  ptcoes,  atiricle  and  ventricle,  the  movements 
01  both  contzaoe  separately—naturally,  no  kmger  tn  orderly  snccessioo. 
but  quite  independently. 

The  piiDcipal  expctuncati  en  wUdt  tLc  lorcgoing  propwitioaB  ore  based  arc 
•■  foBcm: 

rri|«i'i»ni>i^  Dmnom  »md  Ltgoi^om  of  tht  Htati. — Thtae  cj^chmcnts  have 
bMu  pwfettnad  dbefljr  en  trap'  beans.  tJiMtion  diOefs  tnm  <kvisoa  in  the  Uct 
tlkAt  tM  pliyiiotoyeM^c  BBaecticB  n  dnUuji  lu  bjr  dnwiag  a  ligator*  ticbilv  aiound 
tiw  parts  and  '«'*»■'■§  it  •ama.  wtiile  the  aaatonical  ooDConiity  of  t£e  hcan-vall 
and  the  mirgntT  c<  theea'miw  ol  tbe  bt«t  «ge  ■■iiiTainwI. 

I.  Stammtma*  Exprrimnt. — Afto  «pant»B  in  •  frac**  bant  of  Dm  dms  at 
tbr  reov  ca-ne  from  tbc  ssridc.  difacr  by  kicinoo  or  br  rotutrictioa.  tbe  bcut 
is  mestcd  in  dtastoie.  vlnlc  tbe  sui^  coolimtn  10  beat  mdcpoMlmUT.  If  tbe 
bcmri  ba  agnB  drvided  at  the  aviicvfe-vcntricaW  juactioo.  tbe  >ncnmc>ft.  as  a 
nlc  bcfiBB  at  once  to  best  Main,  wbik  tbe  auncka  ccottsue  in  dimcilk  aerest. 
la  ■pponWnf  with  the  poaitMa  «f  tb*  aecoBd  line  ai  AwioB  tb*  aaxidw  ma^ 
oaaiiMM  to  beat  in  awiw  ialiim  wnli  tbe  vantricka.  or  tbc  auritlia  ataae  may 
oaauact.  wMatba  imliklff  rf  ■aim  at  mat. 

Tbe  eapcftevs  baa  bats  aMcip>«tad  at  the  fotknnas  maimrr:  Tbe  amm  of 
tha  T«aa  cave  ■«»«■«■■  Reoak^  ivMCfin.  wbkb  is  tmwffeahftv  for  ns  axtraDe 
■Rtt^Blty.  wbOe  S>dder*s  j""!*"  wkicb  ts  straatrd  at  tbe  amcaln-raitncular 
jnnctiaD,  pCHMaaes  •  kso-depve  of  irritatiilitT.  In  tba  acnaal  bsan  tbe  latter 
ncctvcs  ia  nMur  iunmlan  Craca  tbc  fcnnR-.  wbn*  tb*  mm  of  tbv  vrac  cava 
H  srvwrd.  thr  rtiwalatHii  Ragafc's  tnngfcon  is  w>tbo«t  tmt  Uiftwnc*  on  tbt  ht^^T 

Tba  tet«  bcccaa«  ma^'      ' ixmai  Ywtaw  MMm''%  naagftna  b*  t»— ■•. 

T  tba  bran  -ti  —snen.  aM*  bacMMaTv! 
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cwrrMit  In  th«  l»lt«  event  th#  vcnlriculflr  heat  sotnMimwi  jwecedcs  that  of  the 
auriclca.  ](,  now,  the  aiiricvilo-vpntriCTilar  junction  be  divided,  the  ventricle 
bej^n*  lo  piilKate.  itanly  beoauw  the  jiroct-^lvire  s.timu)aie.«  Bidder's  ganglion,  and 

ertly  b*<rati«;  the  ht"art  is  no  longer  tinilrr  ilic  indiimce  of  the  vagiw,  whicli  Ijail 
en  stimuUteil  b^  the  lirst  division  If  the  division  at  ih**  auriculo-ventricular 
iunccion  i>  made  in  itiich  a  way  as  i<>  leave  BidJcr'ti  K^nftlittn  in  Die  auricle.  Chc 
Latter  would  pulsAtt  and  the  \-crtTii:Ic  u-tn.iin  at  iwt;  if  the  ^nglion  i«  divided 
into  two  halves,  both  the  auricles  and  the  ventricles  pulsate,  because  each  ia 
stimulated  by  itit  own  hulf  uf  thv  ([unclion. 

1.  \V'licn  th«  ventricle  n-lotie  is  divided  in  the  frog's  h«(ut  by  ligature  or  in- 
cision at  the  auri^Hlo-vfntriciiUr  fumw,  th«  sinu9  and  the  auricles  continue  to 
beat  undisturbed,  while  the  vcniridc  is  arrested  in  diastole;  the  ventricle  responds 
lo  a  local  imtnnt  with  a  ainfjle  contraciion.  If  the  incititm  ii  made  in  such  a  way 
as  to  leave  the  lower  edge  rtf  the  tnt(.-r:iuriculiir  septum  attached  to  the  ventricle, 
the  latter  also  continues  to  pulsate.  In  the  case  of  the  rabbit's  heart,  also,  the 
Ycntncles  continue  to  |)iil!iaie  if  a  small  strip  of  tht  auricles  is  pmerved.  separated 
from  tike  iuiriculnr  nerves, 

3-  Experiments  performed  hy  A  Pick  in  1874  first  sbon-cd  that  the  irritative 
process  in  the  contractile  ttsHuc  <>(  the  frog's  heart  it^  propavated  in  all  directions 
and  that  the  entire  fro;;'*  bi'art  acts  in  a  measuir  like  a  sinRle  continuous  muscle- 
libcr.  Thut,  ft*  ex.unplc,  n  trimsvcrsc  incision,  involving  the  ventricle  of  the 
frog's  heart,  do«c  not  prevent  the  appended  flap  from  taking  part  in  the  systolic 
contraction.  This  is  snown  aI*o  by  tne  foUovrirjf  experinienU  nf  Enj-elmarin.  If 
tbe  heart  is  cut  into  slrip?'.  ac  by  xig7.a^  inciMnnH.  in  Ktich  n  manner  that  the 
tndjvidiial  pieces  remain  m  connection  with  one  annther  by  means  of  muscle- 
substance,  t>ie  strips  ptdsatc  in  rcgtilar  succession,  in  whatever  way  they  may  be 
connected  with  one  another,  as  a  resvilt  of  the  din-ctiim  of  the  mcision-s,  The 
velocity  of  propacaiion.  under  such  circumstances,  is  from  ten  to  thirty  millimctrra 
in  the  second  TlitsL-  experiments  also  contirm  the  observation  that  the  continuous 
stimulus  that  prupa^atea  the  contractit^n  is  not  conducted  by  nerve-patbs  but 
1^  the  substance  of  the  contractile  mass 

4.  When  the  ajwx  of  the  heart  has  been  separated  from  the  real  of  the  organ 
by  a  ligature  it  ceases  to  take  part  in  the  contraction  of  the  heart,  which  continues 
to  pulsate:  a  direct  "itiTnutus.  such  as  a  stab  of  the  apex,  is  followed  by  only  a 
single  contraction.  If  the  heart  b  filled  tejth  saline  solution  under  pressure  (both 
of  which  act  as  stimuli),  the  apex  mil  continue  to  puleate.  The  same  thing  is 
observed  after  poisoning  with  delphtnin  or  quinin.  If  a  cannula  is  tied  in  the 
ventricle  from  a  point  above  the  auric u!ci-\-cntriculaT  junction  to  the  apex,  the 
latter  ia  likewise  arrested;  if,  however,  the  apicul  portion  is  filled  throui^h  this 
cannula  with  oxvgcnatcd  blood  under  steady  pressure,  the  apex  will  pulsate. 

The  excised  apex  of  the  heart  resting  spontaneously,  when  stimulated  by 
induction-currents,  rejiiond*  to  the  weakcnl  eRicitnt  stimulation  by  a  maximal 
contraction;  but  the  npplicatlon  of  tctaniKing  currents  is  not  foIliMvcd  by  true 
tetanus,  dosing  and  opening  tbe  constant  current  applied  to  the  severed  apex 
pve  rise  only  to  th«  ordtnary  closing  and  opening  contractions 

5-  When  the  point  of  ligation  is  within  tbe  auricles,  the  pulsations  of  the 
bean  occur  in  successive  periods  (iiroup-forfnation),  and  the  contractions  often 
•"crease  in  strength  by  regular  gi-adalions  (stair-caso  asccni)- 

.  6  When  the  bulb  of  the  aorta,  which  is  tk-void  of  sanulis.  Is  isolated  by  oon- 
Klnetir>n  ((ioe).  it  continues  to  pulsate  when  the  internal  pressure  is  moderate; 
alter  it  has  ceased  beating,  a  sinRlc  stimulus  will  give  rise  to  a  scries  of  renewed 
F*'"^'J^i<Wl«.     The  number  of  coiilracti'./iis  is  increased  by  raising  the  temperature 

■'^    ^*'*?'  by  increasing  the  internal  pressure. 

.       ?-  *oe  isolated  ven.T.  c-ivir  and  their  sinuses  exhibit  normal  contractions.      If 

t "*J1  "**  Wilt  connected  with  the  heart  they  will   control  the  naovements  of  the 

I™/'  'bat  is.  contraction  of  the  entire  heart  may  be  induced  from  tite  portion 

Cotidf  .■     ^^'^  ^*n!fi  veins  and  the  rhythm  of  the' heart  may  be  thus  influenced. 

aervcs*    o    '«lf*»  place  only  through  the  muscle -substance  and  not  through  the 

j(„,.       ■    ''orter  maintains  with  regard  to  the  hearts  of  tlic  doj{  and  the  cat  that 

ta'*n tt,      °'  **■*  heart  thaC  is  excised  may  continue  to  pulsate  if  only  it  be  suffi- 

^eaiiy  nouri.?hcd. 

*Aat  *}.°PP'^s>tioii  to  the  rioctrine  that  has  jtist  been  expounded,  namely 

leoh%'       ^'■"^"Istiiig  influence  is  .'Jcnt  out  by  the  cardiac  ganglia,  it  may 

Served  that  this  theor>'ha5  recently  begun  to  waver.     In  view  of  the 
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fact  thnt  the  embryonal  heart,  in  which  it  has  been  impossible  to  dem- 
onstrate the  presence  of  ganglia,  pulsates  like  the  heart  of  certain  invcrte- 
bratcs.sunw  recent  investigators  assert  that  the  automatism  of  the  cardiac 
action  resides  in  the  muscle  itself.  Similarly,  His,  Jr.,  and  Romberg, 
on  devcloi.'' mental  grounds,  teach  that  the  ganglia  belong  really  to  the 
sensory  ner\Ts  of  the  heart,  and  that,  therefore,  there  are  no  automatic 
nerv^-centers  at  all.  When  Krehl  and  Romberg  isolated  portions  of 
tht  rabbit's  heart  devoid  of  ganglia  by  crushing,  but  in  such  a  way  that. 
so  long  as  the  circulation  was  m-iintained,  they  represented  anatomical 
portions  of  the  heart,  they  found  that  the^e  pi'ec«s  continued  to  pulsate 
(or  hours.  It  is  said  that  even  excision  of  the  entire  septum  of  the 
frog's  heart,  including  Remak's  ganglion,  has  no  disturbing  effect  on 
th«  heart -beat. 

The  propaj[ation  of  the  contraction  from  the  auricles  to  the  ventricles 
is  said  to  take  place  through  the  muscle- libers  that  pass  from  the  former 
to  the  latter.  That  the  conductioa  of  the  stimuli  from  auricle  to  ven- 
tricle, which  does  not  take  plac«  continuously,  but  periodically  in  the 
noM  rhythm  as  the  heart-b^ts,  is  not  transmitted  through  the  nerve- 
paths  is  proved  by  the  &lo«r  rate  at  which  it  is  effected,  the  conduction 
btting  300  tnnes  skiver  than  in  motor  ner\'es. 

EaSdnann  ennsses  his  views  tmon  tbeae  question!  as  foUcnn: 
Th»aMKi»-qwkc<tli«h»artilBBUaiidniit««yH«niotntf»<.-gaBnliacangtitel« 
tho  «xctto-«oiar  cmtral  aayui:  as  cacli  tbcv  etanaxie  the  raotor  Kiimifi  tint  cause 
tlM  bsart  ID  beat.  As  ibnw  antsck-celb  tlul  lunound  tlic  U»e  tubs  cmpcyias 
into  Um  htart  ht  nx»t  soaocpHble  to  tbe  imatinc  ioflaencs  of  autoanak  nove- 
natt.  tbe  xynolic  oositraction  occun  first  «i  tfaia  point,  to  tpnuA  then  to  a  peris- 
taltic maaacr  mcctfiavcly  to  the  aaridcs.  tbc  vtairicics.  and  the  bulb  of  ths 
ao<t«.  Tbt  oMoT  stinnahu  is  praf«gBte<]  dirrctly  frocn  sn»cle-<«I]  to  muscle  csC 
AH  of  th«  tiMsd»-€^la  of  ttit  cMu*  bcMt  form  togetber  »  tta^  pli]r*(4og»e«ll]r 
eooAoetiaceoatnetilaaMSS.  Withm<ttchtitdmdwalpacti(M«<dwiHan^T«BoaB 
tnaka,  vmovx  sftaMses.  ■■ridts.  ■ramridt*.  bob  of  the  aocta — tke  inocor  ■»jf<H'^ 
it  pnptfktnl  tmfUtf.  ta  a  asaasr  cemparable  to  tbe  eoptiactian  of  « 
pyaa  Tfcose  — ck  csBi.  on  ikt  Ober  tend,  iliat  fasn  the  ooaawtiat  1 
bvoscca  tas  Hdnndnsl  pecrioitt  fie  the  Man  mjiwIuh  slowiy.  in  a  1 
riMMiaiilih  t»  uaattJMjui  or  eabrmwl  imisclei.  Ctmaeqaaair  ttrry  nuEvitfosI 
Mtwa  pt  U»  kmn. aoaliacto  practkatty  al  tbe  same  tine  u  a  w1k4c:  vfailc.  oo 
the  o(kcr  liaBd.  the  mnok  oc  sack  poctioa  at  tbs  bosn  Btoatcd  tether  on  ia 
t)w  «o«ns  of  tin  bk>o4-«tRacB  can  take  pUn  oalv  after  sa  actssl  iaHrraL  boc 
far  tlw  Mood  tobacarnsd  tnoktintvmn  ol  ite  bean  into  tte  aect.  As 
«f  lbs  liian  awiac*!.  la  tbs  aet  at  wtrtractiea.  M^pocai9y  lesa  tbeir 
oossflsMBia  pcnw.  as  a  90R  es  cstica^'fibiBossBasu  1 
t  Aa  pcrwaficity  e4  caatractioa  aad  Riantioe— syssote  and  • 
ina.  A  qpcia  aC  tbs  sMita  iNan  wny  ^<s  skdiscvd  11  un  anjr  point  in  las  r 
vctaa.  Vnea  tbt  canJiac  ciawdt  amcwd  cac  ^v^ber  tbMrty.  nn  BdNsdaal  tar- 
tpdl»  tacCTOM  ibancr.  boi  norr  ftrnxttA-  Tbc  Mood  a  tkoi  praptBrf  In 
ffaatTtm  sad  with  aumlu  fccv*:  wbik  if  ib«  imuwismim  is  taon  nfsd. 
rUaod  mjarofrnttrA  «itb  aVacr  dvsive  nl  (ocvr. 

Omta  Jlisniam  >  «(  «W  i^MK.— AS  dirwi  otfdSae  Mtflsafi  aet  aawih  okmc 
I^MMn^thM&'awtlisaAmidiMrtKceltbtbean.     Vbsa 
I  ia  sciti*  Cf  p>ot»awd.  Hi*  i  imiiLslai  pastioa  is  at»ay»  ] 
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mA     This  sill  I  t^i  xtTHKdT  ctaenvd  <m  riiu  tbsX  tba  sifi 

to  patet*  nc«T  -  ;te  ycbcanoa  c4  hcai-     Akx.  t. 

'  111  siirtiijsi       ■  ,  ,1^  tbat  ukn  x^cc  in  asA  in  a 
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soon  becomes  arrested,  nml  continues  ml  rest  if  In-pt  at  this  temperature.  Up  to 
ii"  C.  Landois  has  kcii  ii  rcccvcr  if  removed  qiuclcly.  The  inner  surface  at  the 
uciut  reacts  mucli  m^ic  icadily  to  all  dejirec*  of  teinpc-ralurc  llion  the  cxtemat 
carfac«.  If  the  ht-Art.  iifter  hnvitig  l>cen  arrested,  in  remi^vcd  from  the  nramt 
bath,  it  begtfti  to  (tat  rapidly  alter  a  paus^.  which  may  be  interrupted  by  one  or 
two  beats,  the  frequency  gratliialty  ditmniaKing  until  tfie  normal  rate  i«  attaiiuMl. 
If  the  ventricle  ulnru--  in  hcati^d.  the  frequency*  of  puUintinii  in  not  inereaMd. 
The  vohiin«  and  the  extent  o(  the  cardiac  contractions  increase  up  to  a  tem- 
perature of  alwui  jo"  C,  and  hcyond  that  point  they  begin  to  diminish  again. 
The  functional  jmwer  iiiCTUj»»eii  between  8*  and  ij*  C:  hut  tilt-  frequency  Increase* 
more  than  the  cfticienc>'  of  tbc  pulsations.  The  duration  of  the  contraction  at 
to"  C.  is  only  about  onc-ienth  of  what  it  is  at  s"  C.  The  heated  heart  reacts  to 
rapidly  intcmuttent  »tirouli,  the  cold  heart  onlv  when  the  inlervaja  are  of  coDstd- 
erabk  length.     The  mammalian  heart  ceases  to  Wat  at  from  44.  S°  to  45"  C. 

A«  the  heat  of  the  blood  diminlKhes,  the  hrarl  pulsates  more  slowly. 
Wh«n  a  frog's  heart  it  placed  on  ice  Iwiween  two  waTcli-f;ta<»et,  its  rate  diminishes 
considerably;  between  4°  V.  and  0°  C  the  pulsationi;  iif  the  (rog'a  heart  cease. 
When  a  frrtg's  heart  is  suddenly  removed  fn'm  warm  water  and  placed  on  ice,  ttit 
beat  is  accelerated;  conversely,  when  it  is  transferred  from  ice  to  warm  water, 
the  beat  is  at  timt  ilowed  and  only  after  a  time  acceleratetl 

lb)  Mtehanicnl  Slimuli. — Pn-s.-vurc  applird  to  the  outside  of  the  heart  causes 
an  acceleration  of  the  cardiac  action.  In  man  alio  light  pressure  applied  to  the 
auriculo- ventricular  juncttoi)  of  an  exposed  heart  K&ve  rise  to  a  sccon<Jary  ^hirrter 
contraction  of  both  ^-cntnelcs  following  each  heartbeat.  Heavy  pressure  causes 
an  iiregular.  imrtulatop.-  contraction  of  th<-  miiKclc.  swcb  a?  may  be  prodtiecd  by 
compressing  the  excised  heart  of  a  warm-blondcd  animal  between  the  lincers. 
Increase  of  the  blootl-prefisure  in  the  ulterior  of  the  heart  ofTecW  a.  »imilur  ncctaera- 
tion,  and  di-creasc  ol^the  prrssiire  a  ci'mtii lending  diminution  in  ihv  numtwr  o( 
beart'N-ats.  ^\'hen  the  intracardiac  pressure  is  exoessive.  the  overstimulation 
results  in  irregularity  or  even  slowing  o!  the  heart-beat.  A  renting  heart  that  is 
siill  irritable  will  n-act  by  a  single  contniciion  t"  a  mechanical  impulse  (prick). 

(c)  EUctTiciil  Sli'KUiL — A  moderately  strong  constant  curirnt  passing  eon tinu- 

otislv  thmuKh  the  he.irt  produces  an  incnTn.ie  in  ils  mtt.-.      }!iemMvn  succeeded  in 

>cceVratmg  the  beat  of  an  exposed  heart  two-fold  or  three-fold  by  poMinK  & 

Wrong   galvanic  current    unintcrruplidly    through    the    vtiilriclcs,      Eacwdmgly 

•trong  constant  c\irrenti.  aa  well  as  lotaniitins  laradic  currents,  produce  tetanic 

undulatory  contractions  of  the  heart-muscle,  with  lowering  of  the  blood-pressure. 

If  the  vontriclo  of  the  frog's  heart   has  bc«i  permanrntly  relaxed    by  being 

clamped  at  the  atiriculo- ventricular  junction,  and  one  electrode  of  n  constant 

Current  in  applied  to  the  ventricular  wall,  ;uul    ihe  other  to  any  portifjn  of  the 

trunk,  systnlic  contraction  of  the  ventricle  takes  place  when  the  curreni  is  closed 

only  if  llic  kathode  is  placed  in  cniitact  with  the  ventricle;    conversely  when  the 

Current  is  opened  imlyif  the  aniKlr  is  in  conliict  with  the  hcarl.-watt.     Thr  feeblest 

faradic  currents  accelerate  the  hcort-bcat;  stronger  currents  produce  irregularities, 

Vbicb  may  go  on  to  fibril  latiun. 

A  single  indttction-impul^'e  applied  to  the  ventricle  in  systolic  contraction  has 

no  effect  either  in  the  frog  or  in  the  mnmrnal,      When,  however,  it  is  applied  to 

the  ventricle  in  diastolic  relaxation,  the  siieceediTig  systole  takes  place  earlier.     The 

auricles  and  the  ajwx  of  the  heart,  which  is  devoMl  of  ganglia,  but  may  lie  excited 

to  aeiivitv  by  ciiiinble  stimulation,  react  in  the  c.nini-  way.      f>nring  their  systole 

an  induction-impulse  is  ineffective,  but  in  diastolic  rest  the  impulse  gives  rise  to  a 

contraciion.  which  is  followed  by  a  vtmricular  contraction.     Even  stnmg  letan- 

iiinc  indnction-cnrn-nt.-t  appliei!  in  ihi-  heart  are  unable  to  prmltice  tetanus  of  the 

entire  musculature     There  develop  between  the  electrodes  localized,  white,  cylin- 

dt^al  clevaiions,  a.s  in  the  muscles  of  the  intestines,  which  may  persist  for  several 

minuter.     After  severe   and  continued  tclanijration  the  undulatory-  contractions 

ontlast  the  stimulus.     Also  tlie  is^ated  nprx  of  warm- blood i-d  animals  may  exhibit 

this  undulatory  contraction  only  so  long  ns  the  slimulns  lasts      The  heart  of  a 

!if»vio«sly  wanned  frog,  as  well  .19  the  itolaied  apex,  reacts  to  electric  stimuli  by 
lickenng  The  fihrill.-iling  or  thekerinji  ralibit'«heari  oflen  n-tunis  sponttnieouriy 
to  lis  normal  contractions,  the  dog's  heart  with  grenter  dirbciilty.  After  Ih« 
corn  Tactions  of  the  frogs  heart  have  became  weak  and  irregular.  thc\'  can  be 
Kiadc  regular  nr.I  tsochnininis  with  the  rhythm  of  the  stimulus  1  iv  means  of  elec- 
tric siimuh  apjilu'l  in  rhythmical  succewion,  Thi-  feeblest  stimuli  that  arc  at  all 
eflicieitt  act  as  well  in  tlits  connection  as  the  strongest:  even  with  the  wcakect 
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.1 1 1  mil  II  .  ill''  1  iihli.irl  hill  <it'  llii'  lii-arl  is  llii'  nii'sL  vij;iiriiiis  jMissililc.  Iluncc.  this 
iiiiMiiii.il   iliTiiiiMl   In. Ill  slMimliis  is  ^I'i  ilTcclivc  ;is  :i  m;ixini;il  stijnulus. 

V  Zii'in  ■■I  11  h:i^.  nnalili-  ivrii  willi  hlrmi;;  iinlmniiin-curroiits  t"  causi- 
.1  \.iM.iii>iii  III  liii'  r.iii'  <•{  llir  iii;il  iif  iIk'  I'XjiiiM'ri  liiitiian  heart.  The  vi'TUriciilar 
■  li.ivi.ili'  .il.Mi.'  ,i]>].i'.iiiil  !■!  I"'  ii"  liiin;ir  i.'iiiii]ili-U\  iind  in  ii'liUtiiiii  ci,Tt:iiti  minir 

II  ii  I'liliiiiMi-.  Will-  iil.'.i  i\iil  111  ill.-  i-.iiiii-:iiu.>iw,  Hy  (ijii'iiint^  ami  closing  or  liy 
1 1\  ii.iii)'  ,1  -.1  i.ini;  II  >iv;l  .ml  i'iii'i%ni  .i]'jilii-il  In  I  hi'  lii':irl  nf  ;t  «  nin^iii.  it  was  jx'ssilili* 
1.1  nil  ii  .!'.>'  I  III'  iiiiiiilii'r  •'!  lii'.Li'l  liiMl>.  .iii'l  till'  iiK'U'Lisi'il  iiuiiiliiT  «if  pulsations  cnr- 
1 1 -•]'i 'iiiU'il  mill  ilii-  ihiiiiIhv  111"  ihi'  I'li'i  I  riiMl  iin|nilsis.  I'or  I'xani]''.!'.  from  ;i 
ih'iiii.il  .'I  s.:  ihr  iiiiinl'ii-  111  lu'.irl  Ih.iis  wa-;  r.iisi'il  li»  fr.iiii  uo  to  140  to  1^0 
I'v  ilu-  .i]'|'lu'.ii  11 '11  111  Irmu  1.'..  iii  1  j..  ii>  i N.i  iK'i';ri.al  iiii[i'.ilsi.-s.  CoiiviTisi'lv,  it 
«.i.  ]..i-.-.iIpI.'  .il-..-  Ill  i.'iliii-.  ilii-  ii.iiiii.ll  miinliiT  iif  ]HiN.iliiiiis  fruiii  So  to  do  or  50 
li\  iiiKiii':  .111  11(11.1!  iiinii!'.!  oi'  I'lmiii'iil  sliiiiuli  111  ;lii.'  ln':iitliy  siihjfCt  al.".o 
\     .'iiiii  -.111  1. ■1111,1  ih.ii    h.'  iniilil  iiului'iii.'i'  till'  rlivihin  aiiii  the  .strength  of  tlie 

III  ,111  l'\  .ii'ph  iiii;  ,111  il-iiiii-.il  .■iiiTi-m  llir-'iiv;!!  ihi' *.'hi>;-wan, 

l-''    I  "-..-v:!..        M.1TIV  iliiiiiii\il  ,i5.;v*ms,  T.iri-.iiilarly  when  appliu-i  in  a 

^l.ll.'  I'l  ih'.iiiii.ii  III  ;lii-  i:!iiii-  Mn-i:iii-  1  ii'  ilii'  lieaii .  i:'.i;ri^-i'  Uk"  niiinliir  <-i  pulsa- 
iii'ii-..  I'lii  nliiii  .i!';''i!i.l  in  I'.'iii'i  iiir.iii'il  li'nii  or  whfn  ii!I.T,vi.'iI  to  act  f'T  inline 
iiiiii'  iliiii:;n>.li  il'.i-  ii-.iiiiln'r  \-v  j'.tr.ih.i-  tlu'  hvait.     l*iU'  ;i;!ii  lii'i'.ary  salts  li'.rv.rnish 
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THE  CAHDIOPITEUMATIC  MOVEBfENT. 

As  the  tieart  during  systole  occupies  a  smaller  space  in  tlie  iotehor 
of  the  thorax  than  during  diastole,  air  must  enter  the  thorax  an  the  heart 
contractB  if  the  glottis  is  open.  When,  ho-wever,  the  heart  relaxes  in 
diastole,  air  must  Csscapc  through  the  open  glottis  as  the  heart  enlarges. 
A  similar  influence  must  be  due  to  differences  in  the  degree  of  fulness 
of  the  intratlioracic  vascular  trunks.  Tiiis  cardiopneitmatu  movement  is, 
in  animals  in  which  during  hifMirnation  the  respiratory  movements  arc 
suspended,  of  the  greatest  importance  for  the  maintenance  of  metabolism , 
Trhich  continues  in  moderate  degree,  The  interchange  of  carbon  and 
oxj-gen  in  the  lungs  is  j^eatly  facilitated  by  agitation  of  the  piJmonary 
gases,  and  this  interchange  suffices  to  aerate  the  blood  passing  slowly 
through  the  lungs. 

Mrthod. — The  mr.vcment  may  bo  demonstrated  by  means  of: 
I.  The  maoomeinc  tliun«.  the  tracheu  of  it  curorized  animal  Iwlag  opened 
xnd  connected  with  a  liifurcated  tube.  un«  branch  of  which  l«a'U  to  the  gAfr*tubing 
and  the  other  to  a  small  gas-fiamc.  As  in  tliis  manner  a  free  communication  is 
established  Iwtwecn  ihc  or^xn  of  respiration  nnd  the  gAi-su^pl)',  Itic  movements 
of  the  heart  «'tll  be  tnuumiticd  to  tnc  ga-s-flame.  In  man  it  is  jiosoiblr.  tift«r  a 
httlc  pract)C«.  to  transmit  tbc  movement  in  an  analogoua  manner  to  the  gas* 
Hiunc  ibrcygh  one  noMlril  a£l«  closure  c£  the  other  nudtril  and  the  tiKmlh.  or 
through  the  month  ftfttr closure  of  the  two  nostril*. 

1.  By  ftcoustic  means,  namely  by  inirciduiMrg  an  exceedingly  iMttuitive  ivhistiA 
constructed  from  a  hollow  sphere, in  animals  into  the  trachea  £vi'led  transversely, 
in  man^-e^iecially  when  the  heart**  action  is  sitmulaied^into  the  mouth,  after 
closure  of  the  nose,  it  is  po«.til)le  to  drmnnxtmie  the  ranliopneiimalir  movement, 
particularly  if  the  whistle  is  blown  conlinuouslv  and  with  cxircme  softness. 

I.  By  ineamt  of  the  cariliopneuni(»jtTa[ih  (Fig.  s$).  This  ton.-iwu  of  a  tube, 
which  is  hrld  btiwixn  the  lips  <D).  while  respinitjon  is  susijmdcd.  the  glottis  ia 
opened  and  the  no&trils  are  closed.  The  extremity  of  the  tube,  which  is  bcri 
upward,  perforates  a  snuill  plate  (T),  over  which  a  delicate  membrane  consisting 
Of  a  mixture  of  collodion  and  cosior-oil  is  stretched  with  moderate  force.  Prom 
the  center  of  the  membrane  a  glass  thread  (H)  passes  over  the  free  edge  of  the 
plate  and  is  provided  at  its  cjrtremity  with  a  delicato  hair,  which  rc^stors  the 
tnnvements  ol  the  menilirane  on  a  tablet  (S)  moved  by  clockwork.  Every  ex- 
piralorj'  nifivcmcnt  nf  air  causes  dcpriiwion  anil  every  inspiratory  movement 
elevation  of  the  recording  point.  Attached  to  the  side  of  the  tube  is  a  valve 
with  a  sufficientU'  large  opening  (K)  and  which  may  be  opened  to  allow  the  indi- 
vidual to  Iireothe  freelv  duri  ng  r  patise.  The  periodic  movcmcjits  of  the  respiratory 
RMCS  propelled  by  the  heart-beat  cause  associated  movements  in  the  delicate 
coUodiOQ  membrane,  and  ihcttc  arc  in  turn  tranamitLcd  to  the  recording  lever. 
Thtgraphic  iunt  {.Vi^-  35.  A  and  B)  exlubits  the  followinK  details: 
I.  The  respiratory  gasos  undergo  a  sudden  expirAlory  movement  coineidcntly 
^■tlh  the  first  sound  of  the  heart  because  at  the  instant  of  the  ventricular 
Sfftole  the  blood  from  the  ventricles  haa  not  yet  left  the  thorax,  while  venous 
DlQod  is  poiirin({  into  the  right  nuriclt?  through  the  venie  eavie,  ami  Ijecauee  in  the 
•une  instant  of  systcde  the  dilating  branches  of  the  pulmonary  artery  must  cause 
approximately  the  same  quantity  of  air  to  escape  from  the  nearest  air-pasiogcs 
is  the  lungs.  In  fact,  the  blood  containe<l  in  the  right  auricle  does  not  leave  the 
thorax  at  all;  it  is  only  transferred  to  the  lesser  circulation.  This  expiratory 
•Bovomtnt  would  often  be  greater  if  it  were  not  limited  by  two  factors,  namely: 
(fii  because  Ihc  muscular  mass  of  the  ventricle  occupies  a  somewhat  ninaller  vol- 
ume during  contraction,  and  (ti)  because  the  thoracic  cavity  to  the  region  of  the 
Aftli  intecciostal  space  is  aomewhat  enlarged  outwardly  by  tlic  apex-beat. 

J .  There  follows  immediatelv  a  marked  inspiratorj-  movement  of  the  respira- 
fro«T  Ei«».  in  consequence  of  which  the  large  aiecudmg  limb  of  tlie  curve  is  re- 
ll^^  ^™co.  As  soon  as  the  blood-wave  has  advanced  from  the  root  of  the  aoria  to 
^H  tJio»e  portion."*  of  the  large  arteries  that  lie  at  the  boundaries  of  the  thoracic 
^B  5i^^^y-  *  much  larger  (luantity  of  arterial  blood  begins  to  leave  this  cavity,  because 
^H    venotu  Mood  is  at  the  same  time  being  poured  tnlo  it  tbrougb  the  venae  cavae. 
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This  R»ptntofy  ranvenient  would  also  be  t«i^  wvre  it  not  (or  a  alight  dtmmuttcm 
in  the  vohirae  of  the  unil  nnrl  OAcml  cnvitiM.  atienttod  wjlh  an  exjiiratory  niiive> 
mmt  that  lAkrs  placr  at  the  E^mr  timv  on  account  of  thr  filling  iff  iU  arteries- 
oral  pul&e.  nasal  pubc. 

3.  After  the  aecond  sound  of  tlic  heart  (at  ]).  which  at  limes  cauiet  a  slifht 
depn^on  at  the  apex  of  thr  fTuiAC  the  blood  is  dammed  back  in  tbc  thontx. 
in  correspondence  with  the  rctrugradL-  wave.  As  a  mult  a  tceoad  expiratory 
naovcmcnt  maiufcdts  tt«clf  in  the  dcscimiiin);  portion  of  the  curve. 

4.  Thv  Kulwe^ucnt  secondary  ii.-av«-movefncflt  of  the  blood  from  the  heart 
immediittrlv  again  causM  an  inspiratory  movement  of  gases,  which  |>roduces  the 
recoil  elevation  in  the  arteries  of  the  body. 

5  Mtin*  Mond  onw  begins  to  flow  uito  the  thorax  through  the  veint.  with 
■light  fluctuations,  and  the  next  heart-heat  takes  place. 


^A^  f\^i 
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ff^k 


■m;_  1  ami  t  UMia^ml  tn  Ike  vaioi  <M  ikc  6n  nd  acoal  Iwi-iiiiilr.  C  c<w*w  btm  Ihi  4oi;  D. 


Paihotocical.  —In  the  bealthv  human  sutiyect  a  crepiutinx  booimI  is  not  nidy 
facvd  dose  tu  the  bean,  resultuii:  (rum  the  mtrvrriM^t  M  the  atr  tn  the  bofs. 
bfotigfat  about  by  the  mcvcment  of  the  heart.  If  their  arc  near  tbc  heart  aboor- 
mallv  aa/Tuw  plara  in  the  bmncbi.  thnnigh  which  the  respiratory  gasca  arc  forced. 
K>  t^t  they  generate  a  toitind  &r  murmur,  a  fairly  loud,  sibuant  ov  whistling 
rauimur.  kiiown  as  the  fiaUt,)ioguai  tatdioptuumMu  mmrmmr,  is  heard  in  rare 
rnm  In  the  presence  ut  cardiac  Irsiocic  cbaraeteriied  bv  coosiderable  fluctuatiaas 
in  the  quantity  of  Uoodin  the  vessels  of  the  lesser  ctrralation.  the  cardiopneumaiis 
novemrnt  must  be  <miie  marked,  as.  fur  example,  io  casvsof  inraAictency  ed  the 
pohnonary  and  ntilral  vaU-i-*, 


IHFLtTEHCE  OF  THE    RESPIRATORY    PRESSURE  ON  THE    DILA- 
TATION AND  CONTRACTION  OF  THE  HEART. 

Tbe  variations  in  pressure  to  which  all  the  parts  within  ttic  tboiBX 
are  subjected  by  its  inspiratory  expansion  and  expiratory  contraction 
exert  a  v-isiWc  tnAuence  on  the  diastole  and  s\-stole  of  the  heart. 

Tbe  conditions  in  vaiiotis  positions  of  tbe  resting  thor«x  with  the 
glottis  open  will  be  considered  first.  Tbe  diastolic  dilatatton  of  the 
cavity  of  ih«  heart  is  brought  aboat  Ifit^^latuiramiyn  .'/  the  Imnts, 
»i  vtJl  as  by  the  intk>w  of  veaatt«J||||H||^^^Hbtk  suetchtngof  tbe 
relaxing  mascolar  walls.     T'      ''^^^^^^^^^F^  '  '   *    nion  a&  tbc 


iNPLUBNCB  OP  hbspiratorv  prbssurb  on  the  HKART. 


133 


lungs  are  more  fully  expanded  (inspiration),  and  liecome  less  effective 
in  ]jroporlion  as  lUe  lungs  have  already  been  contracted  (expiration). 
From  this  it  follows : 

r.  That  in  the  most  extreme  expiratory  position  of  the  thorax,  with 
the  grreatest  possible  contraction  of  the  pulmonan-  tissue,  when,  thcrc- 
torc.what  is  left  of  the  effective  clastic  traction  of  the  lungs  is  exceedingly 
slight,  but  little  blood  enters  the  cavitiet;  of  the  heart;  the  heart  <luring 
diastole  is  small  and  contains  but  little  blood.  Accordingly,  the  systolic 
contractions  will  be  small,  that  is.  a  small  pulse  results. 

».  In  the  most  extreme  inspiratory  position,  when  the  elastic  lungs 
are  distended  to  their  utmost,  the  force  of  the  elastic  traction  of  the 
lungs  is,  naturally,  greatest,  being  in  fact  equivalent  to  30  millimetei* 
of  mercury.  The  efilect  of  this  traction  may  be  great  enough  to  counter- 
act the  contractions  of  the  thin-wallcd  auricles  and  auricular  appendages 
and  prevent  these  structures  from  emptying  llieir  contents  completely 
into  the  ventricles.  In  cases  of  cardiac  weakness  it  would  even  appear 
as  if  the  ventricular  activity  were  impaired  by  the  strong  clastic  pulmo- 
nary traction,  as  the  diminution  in  the  strength  of  the  heart-sounds  that  is 
sometimes  observed  attests,  The  heart,  therefore,  is  greatly  distended 
in  diastole  and  filled  with  blood;  nevertheless  the  resulting  pulse-waves 
may  be  small  in  consequence  of  the  limitation  of  auricular  activity. 
Thus,  Bonders  often  found  the  pulse  smaller  and  slower. 

3.  When  the  thorax  is  in  the  position  of  moderate  rest,  a  condition 
in  which  the  elastic  traction  of  the  lungs  is  of  moderate  strength  only, 
namely,  7.5  millimeters  of  mercury,  the  conditions  for  the  action  of  the 
heart  are  most  favorable.  On  the  one  hand,  diastolic  distention  of  the 
cavities  of  the  heart  is  adequate,  and.  on  the  other  hand,  their  complete 
evactiation  during  systole  is  not  impeded. 

A  much  greater  influence  on  the  action  of  the  heart  is  exerted 
by  the  increase  or  diminution  in  tlie  intrathoracic  pressure  produced 
voluntarily  by  muscular  action. 

1.  If  the  thorax  is  first  brought  into  the  position  of  deepest  inspira- 
tion, then  the  glottis  is  closed,  and  now  the  space  within  the  chest  is 
greatly  reduced  with  the  aid  of  the  expiratory  muscles;  the  cavities  of 
the  heart  may  be  so  greatly  compressed  as  to  cause  momentary  sus- 
pension of  the  movement  of  the  blood  within  them.  In  this  position 
the  elastic  traction  is  greatly  diminished,  and  in  addition  the  pulmonary* 
air,  which  is  under  high  tension,  exerts  pressure  on  the  heart  and  the 
intrathoracic  vessels.  As  no  venous  blood  can  enter  the  thoracic 
cavity  from  without,  the  visible  veins  become  enlarged,  the  blood  is 
driven  more  rapidly  into  the  left  heart,  and  the  latter  empties  itself 
into  the  circulation  as  quickly  as  possible.  The  lungs  are,  as  a  result, 
anemic  and  the  cavities  of  the  heart  empty.  Therefore,  there  is  plethora 
in  the  greater  circulation,  associated  with  anemia  in  the  lesser  and  in  the 
heart.     The  heart-sounds  cease,  the  pulse  disappears. 

7.  If,  conversely,  the  glottis  is  closed,  wliile  the  thorax  is  in  the 
position  of  most  extreme  expiration,  and  the  thoracic  cavity  is  now  for- 
Ctbly  dilated  in  inspiration,  the  heart  is  strongly  dilated;  for  the  cavities 
ol  the  heart  are  distended  not  only  by  the  elastic  traction  of  the  lungs, 
bm  also  on  account  of  the  extreme  rarefaction  of  the  pulmonar)'  air. 
Tlie  contents  of  the  veins  are  poured  copiously  into  the  right  heart, 
d  in  proportion  as  the  right  auricle  and  the  ventricle  are  capable  of 
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overcoming  the  outward  traction,  the  blood-vessels  of  the  lungs  will 
be  distended  with  blood.  Much  less  blood  will  be  driven  out  of  the 
left  heart,  so  that  the  pulse  may  even  be  temporarily  arrested.  The 
result  is  an  overdistended,  enlarged  heart  and  the  presence  of  an 
increased  amount  of  blood  in  the  lesser  circulation,  as  coTn|>ared  with 
the  greater. 

As.  when  the  breathing  is  nonnal,  the  tension  of  the  pulmonarj"  air 
is  diminished  during  inspiration  and  increased  during  expiration,  this 
normal  alternation  of  pressure  tends  to  assist  the  circulation :  inspira- 
tion hastens  the  venous  and  lymphatic  flow  through  the  venje  cavae 
(il  the  axiUarj'  or  the  jugular  vein  is  opened  during  an  operation,  air 
may  be  sucked  in  and  cause  death)  and  thus  favors  complete  diastole: 
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Pkc.  3»>-.\p[>t*iM  fc«  iIm  DanoaKndan  of  Ike  IiiMnccof  Racin«n  EiiMMfaa  (U)  ud  CoatfMifaafn 
•r  Ike  Tbom  M  tkt  U«an  m4  tht  aKiilatia& 

expiration  hastens  the  movement  of  blood  into  the  arterial  system  ajid 
favors  systolic  emptying  of  the  heart.  At  the  same  time  the  ^*al- 
vular  arrangement  of  the  heart  secures  a  constant  direction  to  the 
accelerated  blood-current. 

The  elastic  traction  of  the  lungs  also  exerts  a  favorable  influence  on 
the  lesser  circulation,  which  is  contained  entirely  within  the  thorax; 
for  the  blood  within  the  pulmonary  capillaries  is  under  the  same  pres- 
sure as  the  pulmonary  air.  while  that  of  tlie  pulmonnn,-  veins  is  under 
lower  pres.s-ure.  as  the  elastic  traction  of  the  lungs  by  distending  the 
left  auricle  necessarily  hastens  the  flow  of  blood  from  the  pulmonary 
veins  into  the  left  auricle.     On  the  other  hand,  the  ela.ttjc  traetioo  of 
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the  lungs  is  prevented  from  interfering  to  any  marlced  degree  witli  the 
action  of  the  right  vcnlricle  and.  therefore,  with  the  moveiiient  of 
blood  through  the  pulmonar>' artery,  because  of  the  sufTicient  resistance 
of  the  blood,  right  ventricle  and  the  puhnonary  artery  against  the  elastic 
pulmonary  traction, 

I'be  apparatus  iUusirated  tn  Fig.  36  shows  dearly  the  infiticnce  of  Inspiratory 
and  cxpirntory  iniivemcnU  on  thf.  txpiiiininn  of  ihc  lif-iirt  uiid  on  the  current  of 
blood  ia  the  large  vascular  channels  It^^ding  to  and  from  the  heart.  The  large 
llaas  bottle  represents  the  thora.t.  and  its  bottom  ha&  been  re^accd  at  D  by  an 
visstic  rubber  nacmbifuie.  which  reprii^ntu  the  diULihraKni,  PP  arc  the  lun^-a;  L 
the  trachcA,  thi:  entr.tnce  t^  which  (glcttuc)  may  oe  cU>!(«^  l>y  means  of  a.  stop- 
cock; H  is  the  heart;  K  represents  th«  course  of  the  \'*n.T  cava^;  and  A  the  aorta. 
When  the  tracheal  stop-cock  is  closed  and  the  expiratori,-  position,  as  shown  at  I. 
it  estabtixhed  liy  elevittmi;  the  meint>raiie  D,  with  diminution  in  the  mo  of  the 
thoracic  cavity,  the  air  in  P  P  is  condensed,  while  at  ihr  Miine  time  thr  he.irt  H 
is  ciTniprcsscd;  the  venous  valve  closes.  wJiilc  the  arterial  valve  is  opened  and  the 
Ihitd  >»  driven  out  ihrou(rIi  A  Tiie  niamnncter  M,  inserted  into  the  flitak,  ithows 
the  increased  intrnth<iracic  prrssiire.  Again,  when  the  stop-cock  1  is  closed  (in 
11).  and  the  inenibrane  is  sironglv  depressed,  the  lungs  p  p  expand,  and  with 
them  the  heart  h.  The  vcnoua  valve  opens,  while  the  arterial  valve  c1o»<s,  and 
the  venous  blood  enters  the  heart  thnjunh  c.  Thu»,  in^jjirution  ulwavs  hnstcne 
the  venous  and  irhihite  thft  arterial  flow,  while  expiration  inhihits  the  venoua 
md  hastens  the  arterial  flow.  H  the  gknits  (L  and  I)  remains  oprn.  the  air  in  P  P 
scd  p  p  naturally  is  changed  as  the  thorax  passes  from  the  inspiraiorv  to  the 
espiratory  positicm  (H  Rinld).  .^ccordinjfly.  the  efifct  on  the  heart  (iV  and  b) 
and  on  the  blood-vesseU  is  smaller,  biit  even  under  such  conditions  it  must  persist 
ia  small  measure. 


THE  MOVEMENT  OF  THE  BLOOD  IN  THE 
CIRCULATION. 

TORICELLI'S  THEOREM  ON  THE  VELOCITY  OF  ESCAPE  OF 

FLUIDS. 

AcconlinR  to  Torieelli's  law,  the  velocity  (vl  with  which  a  fluid  cm-;.jh-«.  for 
rxaniplc,  thncnigh  an  opening  in  the  floor  of  a  hollow  cyhndricnl  vt%<rl.  ts  equal 
to  the  velocity  thai  a  freely  ialling  body  would  attain  in 
hllinr  from  the  level  of  i.he  fluid  10  the  level  of  the  open- 
ing (tnc  height  wf  the  propelling  force  h). 

Hence  v  —  J,'  '  K  h;  in  which  g  -•  9.8  meters. 

The  velocity  of  outflow  iiicrcaseH,  aa  has  hecn  shown 
itally.  as  the   height   of  tiic   propelling   force 

incicaees,  and  it  prc5cr\-es  the  ratio  of  1,  t,  3 
4s  the  propelling  force  increaMUs  in  the  ratio  of  i,  4.  9: 
that  is.  the  velocity  of  outflow  in  proportionate  to  the 
iqnare  root  of  the  height  of  the  propelling  force.  It  thus  l 
follows  that  the  velocity  of  o-utnow  depends  Solely  on  the 
distance  between  the  level  of  the  fluitf  i»d  tlie  ojieninB, 
and  not  on  the  rafure  of  the  escapiny  Huid,  Whenever  a 
fluid  is  found  escaping  with  a  deliniie  velocity,  the  force 
that  causes  the  fluw  nmy  tie  exprc>.Ncd  liy  Ihe  hciahl  of 
a  cuhimii  of  fluid  (h)  in  a  vessel  the  height  of  the  pro- 
pelhng  force. 

Toricclli's  law,  however,  is  applicable  only  when  all  Fio, 
postible  resistance  that  may  be  ollered  lo  the  escape  of 
the  fluid  ia  left  out  of  ncrount.  As  a  matter  of  faet. 
certain  resisting  forces  are  present  in  anv  physical  es- 
petrment  of  this  kinti  Hence,  the  force  that  is  ex- 
pressed  bj-    the  height   of  the    prt>p<-lling   furrK    (h>  not 

ooly  causes  the  escape  of  the  fluid,  but  also  overcomes  the  sum  of  all  the  resist- 
ances. These  two  forces  may  lie  expressed  by  the  heiahts  of  two  columns  of 
water  superpoMd  the  one  upon    the  other;  namely,  by  the  height  o(  the  velocity 
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F  (which   (tflcicts   tbe  velocity  of  escape)  and  tbe   briebt  of  tfav   re«isunce  D 
(which  overcomea  any  resisiaiic«  that  may  be  present):  hence  h  ■■  F  -4-  D. 

PROPELLING  FORCE,  VELOCITY  AND  LATERAL  PRESSURE. 

If  a  lluid  p3u»«!>  Ibrough  u  tubv  (which  it  comi^'lr-til^  lillsl,  tin.'  Urdt  Uuti^  to 
determine  U  the  propelling  U}nx  h  w-ith  which  the  curieiit  Rowi  at  liiilcrcnl  points 
in  the  tube.     'ITie  degree  of  the  propelling  loree  depends  on  two  factors: 

I.  The  velocity  of  the  current,  v: 

«.  The  pressure  (resistance -height)  to  which  the  fluid  is  sabjecled  at  dlScrent' 
points  in  the  tube.  O 

1.  The  velocity  of  the  current  v  U  determined:  (a)  from  the  lumen  ol  the 
iiilic  I.  and  (h)  froin  the  quantity  of  fluid  q.  that  pauca  thmuxh  the  tube  in  » 
gi\'en  unit  of  time,  Then  v  —  q  :  1,  Both  values,  a  o5  well  as  1.  can  be  deter- 
mined directly  by  incasuTCTOcnt.  The  circumference  ol  a  circular  tube,  the  diameic* 
of  which  isd,  is  j.t4  k  d      The  eroM-aeclion  (the  lumen  of  the  tube)  is  I  -.''•>.  <!'. 

After  the  value  of  v  has  been  detcnnined  in  this  way.  the  so-called  vdocity- 
hcigbt  F  (of  hytlraulir  enpncnv)  can  be  estimated  from  v;  that  is,  the  hci|[tit 
from  which  a  body  would  nave  to  (all  in  a  vacuum  in  order  to  acquire  the  velocity 
ni  V.    This  is  F  —  *    (in  which  g  indicates  the  distance  through  which  the  body 

falU  in  one  iecoad.  or  4-j)  meters). 

J  The  presmre  D  (reMstance-heiebt)  is  measured  directly  at  various  pointa 
in  the  tube  by  insening  mani;nni-tcr-tul>ta»  {Fijf,  jSI 

The  propcUiag  force  at  any  eclectcd  pomt  in  the  tube  will  tfaua  be: 

h»P4  D 

or  h  =  ^  +  D 

For  experimental  investigation  the  large  cylindrical  prasure* vessel  (Ft;,  ji.  A) 
may  bo  used,  within  which  by  a  suiLiible  arraogcmcat  water  can  be  maintained 
at  a  constant  level  h.     The  rigid  tulic  a  b.  passtng  off  from  the  bottom  of  the 

vessel,  and  of  uniform  sice,  is 
provided  with  a  mimbcT  of 
▼crtical  tubes  (i.  s.  j)  consti- 
tuting  «  i>iiiometeT,  (or  the 
raeasuicment  of  the  presaurv: 
at  the  extremity  b  the  tube  is 
provided  with  an  opening  di- 
rected upward.  Frvim  the  lat  ■ 
ter  the  water,  providing  the 
lc\-el  at  h  remains  the  »amr. 
will  lie  thrown  to  a  ccmslatii 
height,  and  thb  distance  ii 
i-quivakni  to  F.  the  velociiy- 
lieisht.  As  the  pmsure  l>, 
D,.  Di  in  the  manomciric  tubc» 
i,  a.  3  can  be  reaJ  off  directly. 
it  folfowx  that  the  propelling 
force  of  the  water  at  the  por- 
tion of  the  tubes  I.  II.  Ill  ia 
pcspeciively  h  -  F  -f  D,;  F  -»- 
D,;  F  -  Dr 
At  the-  extremity  of  the  tube  (at  b)  when;  D,  ••  o.  h  —  F  ^  o.  hence  h 
P.  Within  the  pressure- vessel  itself,  it  is  tbc  constant  fonre  h  tliat  influence 
the  movement  of  the  fluid 

It  is.  therefore,  at  once  apparent  that  the  propelling  force  of  the  "A.^., 
hns  heennvc  peogrewwvelv  emallee  from  the  point  where  the  fluid  enter*  ^ , 
lube  from  the  pressure-ve^Ael  to  the  end  o(  the  tube  b.  The  water  in  -I 
prc*f.ure -vessel  falling  from  h  rise*  at  b  only  to  the  height  F.  This  diminx^j -I 
m  the  pI■>t>eItln^^  firee  is  duo  to  the  resistances  encountewd  by  the  current  it,  J 
tube,  whicn  neiitrali/i-  a  pin  i>f  the  kinetic  energy  (that  i».  convert  it  into  \ 
As,  when  the  watir  h.m  rt':i(hed  b.  the  motor  power  h  in  the  vessel  haab^ 
ditced  to  P.  tbe  diflerencr  ha\-ing  been  ncutnhxed  bV  tilt  mtstaocc«.  u^^  ,,  j 
theac  resistances  must  be  D  •  h  -  P.  from  wfaidi  ^  toHowi  that  h  ^  1*  '    -0-1 
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METHOD  OF  ESTIMATING  THE  RESISTANCES. 

Wh<nj  a  fluid  pajwcs  tKrouj:!)  ■»  tult  ^i  unifunn  calibtt  thruuRtiout  iU  entire 
length,  tlic  propclimg  lorcc  h  dimLnish<;s  ifrogrcMUcly  in  cons^;qucnce  i>f  the 
rcai^tarict-s  that  operate  unifomily  at  every  t^'inl,  TJie  sum  of  all  the  resistancoH 
in  the  tube  IE,  therefore,  directly  proportktiiai  lo  its  length.  In  a  lube  of  tinitonn 
caliber  the  fhiid  pa«Kes  thmug'h  cuch  tranirt'enw  section  &t  ft  cdrwtnnt  velocity: 
hence  V  (and.  therefore.  F)  is  the  same  at  any  point  in  the  tube  The  diminution 
that  takes  place  in  the  propellinR  force  h  can,  tlierefore,  bedueonly  to  a  diminution 
of  the  pressun'  H.  .i!t  r  remain?  the  .'^me  i.'^^rywhere  (ami  h  ■•  F+  D),  The 
experiment  with  the  pressure- vcsvl  shows,  in  fact,  that  the  pressure  progressively 
diminishes  toward  ihc  dtschaDrin^  cxirctniiy  «f  the  uibc.  In  a  tube  of  uiiiform 
nidth  the  preN5urc-hci;;h;  f'nin<l  t"  prevail  in  the  tiiiini>inetcr't.tilrt:  is  the  expre^ssioin 
<ti  the  sum  of  the  resistances  thot  must  l>e  oven;omc  by  the  current  in  its  course 
from  tlie  point  examined  to  the  free  discharge-opening  of  tlic  tube. 

Pomti  of  R,sijtan^-.: — The  resiilances  encountered  by  a  stream  of  fluid 
reside  first  af  all  in  the  eohouiini  of  the  flmd-piirticlta;.  The  ouierm(>*t  ptinetjil 
layer  of  the  Huid.  which  is  in  contact  wiih  the  ttibo.  remains  alwolulcly  <|uicscent 
during  the  passage  of  the  current,  jU!  the  other  layers  of  the  fluid.  Vhich  raav 
be  concerned  u*  a  nerien  of  cuncentrir  cylimlent  one  within  the  other,  muve  with 
a  pn>EressivcIy  incrcasinR  velocity  fr<>ni  the  periphcr>'  to  the  axis  nf  the  tube, 
while  the  axial  thread  itself  tinunv  represents  the  most  rapidly  moving  portion  of 
the  fluid.  In  the  diAplutenieiit  of  tht-.it-  cylindrieal  layei's  of  fluid  al  thctr  surfaces 
of  contact,  the  particles  of  fluid  in  ju:ttapgeition  tnu»t' naturally  be  pulled  apart 
*od  a  portion  ol  the  active  pfopflUnc  f'wcc  will  l>c  lost.  The  d<'gr<-c  of  resistance 
depenoB  essentially  on  the  degree  of  cohesion  between  llie  particles  of  tluid:  the 
more  intimate  the  cohesion  between  the  fluid -particles,  thi'  Kr^aier  will  be  the 
reastnnce:  and  convrrBcly,  It  is  thus  evident  thai  the  resi-iUini-es  encountered 
by  the  \'iscous  blood  in  us  passage  must  be  greater  than  thuse  that  would  be 
encountered,  fur  example,  l>y  water  or  ether.  Four  and  one-half  times  a&  much 
prcxsurr  would  be  miuired  to  drive  the  same  riuantity  of  bluod  as  of  water  through 
ft  tube. 

Heat  diminiiheH  the  ci>he.tion  nf  the  partielen  and  it  if.  therefore,  a  means 
loT  diminishing  the  resistance  encountered  by  the  current.  It  is  al.to  cN-idcnt  that 
the  fvsiitaoces  arc  only  the  result  of  nioveotcnt,  as  the  forcible  sc^paration  of  Iha 
fluid- pari ic Its  does  noi  In-jjin  ujitil  the  column  is  set  in  motion.  It  iti.  furlhi-r, 
obvious  that  the  Rreater  the  velocity  of  ihe  current— the  crenter  the  number 
of  fluid-particles  that  are  torn  apart'  in  ,i  unit  nf  time  -the  gnyiterwill  be  the 
lutnof  tlie  resistances.  Tlie  parietal  layer  tif  fluid  in  contact  with  the  surface  of 
the  tube  remains,  ai  ha>  been  wiiil.  in  absolute  quiescence;  it  follows,  therefore, 
liiatthe  material  compr.isinif  the  walls  of  the  itibcha»  no  influence  im  the  n-»i»lance«. 


niFLUENCE  OF  UTEQUAUTIES  IN  THE  SIZE  OF  THE  TUBE. 

When  the  velocity  of  the  current  remains  the  same,  the  intensity  of  the 
resistances  depends  on  the  diameter  of  the  lulic;  the  Kmallcf  the  diameter  the 
greater  the  resistance,  and  the  largtr  the  diameter  the  less  the  resistance.  The 
nectstances.  however,  increase  more  rapidly  in  narrower  tubes  than  the  diameter 
of  the  tutMai  increases      This  has  been  proved  by  ejtperimental  in^-eKligation 

In  tulles  that  exhibit  inequality  in  size  in'their  course,  the  velocity  of  the 
cnrn-nt  varies,  tieing  natitrally  slower  in  the  wide  portions  and  more  rapid  in  the 
narrower  purtiitn*.  In  general  the  velocity  of  the  current  in  tubes  of  uiieijiial 
<ud(ber  i*  inversely  proportional  lo  the  iransvcrec  section  of  the  different  portions 
of  the  tuW.  that  is.  if  the  tubes  are  cylindrical  inveracly  proportional  lo  the  s(|uare 
of  thft_ diameter  of  the  circular  transgenic  secliwi. 

While  in  lubes  of  uniform  Size  the  propelling  force  of  the  moving  fluid  dimin- 
ixhe*  unifrwrnly  section  by  section,  the  diminution  is  not  uniform  in  tubea  of 
iine<^ti:il  widtli:  for  since,  as  has  juKt  been  shown,  the  resistance  is  greater  in  a 
narrow  than  in  a  wide  tube,  the  diminution  in  the  propellinR  force  must  naturallv 
|>e  girater  in  the  narrow  places  than  in  the  wide  placcK.  At  th«  same  time,  it 
nai  l)cen  sliown  that  the  presinurc  in  the  wider  place*  is  greater  than  llic  sum  o( 
'w  rc*is(j*neea  siiU  to  be  overcoinc;  while  on  the  other  hand,  at  the  narrower 
Pncrj  It  iia  .sijiallur  than  the  sum  of  these  resistances. 

Lurs'-iture  and  tortuosity  o(  the  veiaels  give  rise  to  new  rcsislances.     In  con- 
viee  of  ccntrifuRal  force  the  fluid-particles  cling  more  closely  to  the  convex 
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tide  of  the  srch  vid  thai  eacouiiter  m  greater  resutsnce  to  iheix  proxren  tfaxo  on 
the  concave  side. 

When  ihe  lube  divides  into  two  or  more  brancbcs,  ibc  propelling  force  is 
also  diiRinishcd  on  4iccouiit  ol  the  crcfttiua  of  additivnaJ  resisting  (orce».  Wh«n 
A  currcDt  IS  divided  into  t^o  smaller  currcnis.  some  duid-partKles  «-iIl  be  retarded, 
while  others  will  be  t«cel«ratcd  cm  uxfnini  of  the  unequal  velocity  of  the  variou* 
layers  of  the  fluid.  Many  pArticIe*  that  in  the  main  curttnt,  a«  a  pan  of  the 
ajuai  nraun.  had  the  £reat«M  velocity  vrdl  in  the  secondarv  ccurenu  when  cit\uted 
in  the  parietal  lay«r«  move  tnorv  ilowly:  while,  conversely,  many  paiicial  layers 
in  the  main  ctureDt  become  moce  centrally  situated  in  the  secoiidary  current 
n-ith  tncreiued  velocity.  As  a  rcxult  of  the  resistance  thus  produced  a  pan  of 
the  propelling  force  is  naturally  lost.  The  separation  of  the  nutd-paiticlee  as  the 
current  divides  has  a  anulBr  cdect.  If,  do  the  other  hand,  two  tubes  join  lo  form 
a  sin^e  tube,  additioeal  resisUaoe  acting  in  a  manner  opposite  to  that  described 
must  leesen  the  propelling  force.  The  sum  total  of  the  mean  velocity  in  both 
bmacbes  of  the  current  is  independent  of  the  angle  formed  at  the  point  d  division. 
The  opraing  of  a  lateral  branch  that  forms  pan  of  a  tube  aocewratcs  the  nuun 
current  to  the  same  degree,  irrespective  of  tne  sise  of  the  angle  formed  by  the 
lateral  branch  with  the  main  ttibr. 

HOVEBIBIVT  THROUGH  CAPaLARY  TUBES. 

The  movement  »f  flujds  through  c-ninllary  tubes  is.  in  accordance  with  the 
capillary  attniction  prcvaUing  in  capillary  vessels,  and  in  contravention  of  the 
laws  that  have  just  M^m  developed,  governed  by  certain  rules,  for  the  formulation 
of  which  credit  is  due  Poiseuille.     These  rules  are  as  follows ; 

t.  The  quantity  of  fluid  that  escapes  from  a  capillary  tube  is  proportiona]  to 
the  pressure 

9.  The  time  neceesary  for  the  «cape  of  a  like  quantity  of  fluid  (the  pressure, 
tbe  rfinTn^t^r  qJ  the  tube,  and  the  temperature  remaining  the  same)  is  prapor* 
tional  to  tbe  length  of  the  tube. 

3.  The  prodacts  of  the  outflow-  (all  other  conditions  rcmainiog  the  same)  vary 
with  tbe  fourth  power  of  the  tTan»%-erse  diameter. 

4.  Tbe  veloctty  of  the  current  is  proportional  to  the  pressur^heiefat  and  to 
tbe  square  of  tbe  diameter,  and  invc^ncly  proportional  to  the  length  of  tbe  tube. 

5.  The  resistances  in  the  capillar)-  tubes  are  proportional  to  the  velocities 
of  the  curre»it- 


conrmuoDS  and  uitdulatory  movemeitt  in  elastic  tubes. 

If  an  uninterrupied,  uniform  sTtram  of  fluid  it  permitted  to  Aovi  through  an 
elastic  tube,  tbe  movemi-ot  of  this  current  is  subject  to  the  »anie  laws  that  go\'vni 
iu  passage  through  rigid  lubes.  U  the  propcUuig  force  increases  or  diatnishes, 
tbe  claiitic  lubes  arc  i-iiber  dilatvd  ur  coustiicted.  And  tlivir  relation  to  the  column 
cf  fluid  1*,  thcrrfrnv.  siimply  like  thflt  of  "idcx  ornarro»i'cr  njid  tube* 

If,  hfiwever.  xucci^vuve  amoiinte  of  fluid  are  tnirnduc''d  At  intervals  into  an 
elastic  tube  entirely  tilled  wiih  fluid,  the  initial  p.-rtion  of  the  tuW-  »-iil  he  suddenly  ^ 
distended  in  accordance  vith  the  amount  vt  fluid  mtn-duced.     The  impact  imparts) 
to  tbe  ftuid-i«nirle«  an  owillalon.'  movrment.  which  rapidlv  communicates  it«*lf 
to  all  the  Suid.psrtieles  froni  the  beginning  10  the  end  of  iW  tube;  there  results  ' 
s  positive  wave,  which  rapidly  j^ropa^acoc  itself  through  the  entire  tube.     U  the 
dutic  tube  be  closed  at  its  pcnphentl  extremity,  the  positive  wave  w-iU  rebound 
at  the  point  of  closure;  it  becomes  a  positive  recurrmt  wa%x  and  it  may  even 
|»aBa  beclcward  and  forward  repeatedly,  becoming  gntdualh'  smaller  and  ainaller. 
until  it  finally  mbstdcs.     Hence,  ia  a  doeed  tube  of  mcb  character,  tbe  sudden 
periodic  impulsioit  of  a  mass  of  fluid  produces  only  a  waw-hlce  raovvment,  that 
u,  meretv  an  oaeillatory  movement  or  the  movement  of  a  form 

3.  If,  however,  addittorutl  amount*  ot  ihiid  are  at  intervaU  pumped  mto  the 
initial  porticm  of  an  elastic  tulie  miirrh'  I^TIH  wi^h  ftn?i(  already  in  continu- 
ous movement,  the  continuous  r  >  'b  the  undulatory 
movement.  In  imch  a  case  the  cr  -  "^  fluid,  that  is,  the 
dispbcemmi  or  ma^xment  .if  tbe  T  -v  wmW.  m&si  Ik  rigidl)r_ 
disttiictiished  Crom  the  ucJulaior.  mcnt,  the  movement  t  " 
the clnnge  in  form  of  tix- c.^lMTTin  ■--  -  -■'  '-'»r..iat^.T\.-.  u^uitt 
•a  oadBatorv  mowmrnt  Tli<  >  tie  ta^>e«., 
wiaile  tbe  uadulatorv  m-vv«nvnt 
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The  condiiioas  in  ihc  nrtrrisl  system  arc  tbc  some  as  those  just  described. 
Th«  hlood  in  the  art«ric8  is  already  engaged  in  contiauous  motion  from  the  root 
of  the  aorta  to  the  cuvi^^^^  (coiitinuuus  movement);  iind  the  iiiji:cti<m  at  inter- 
vals o(  «  maxs  C'f  blood  tnta  tli«  foot  of  the  aorta  with  each  sysitol«  of  %ht  left 
ventrick  prodticcs  a  positive  wave  <pwlsc),  which  pro|>&£at««  iiaelf  with  rt**! 
rapidity  to  the  end  ot  lb*  arterial  system,  while  the  c(mst&nt  movement  progresses 
mtich  tiKwe  tlowiy. 

It  IB  of  CTcat  im(i(irl.inoc  to  compare  the  mnvrmpnts  of  Ihiids  in  rigid  tubes 
with  the  movements  of  fluid.s  in  tlastic  tubes.  When  a  certain  quantity  ol  fluid 
\x  forgttl  inuj  a  npd  lu\>c  undtr  a  certain  [ireiiure,  aii  equal  qujintity  of  fluid 
wiU  at  onco  csca(>e  from  the  end  o(  the  tube,  sinless  such  »  rnttdl  ia  prrvcntcd  by 
ttte  ilevcli>pmcnt  of  special  rcsistancL-s,  The  conditions  arc,  however,  dittcrcnt  in 
the  caJe  ol  ««  plastic  tube  Iniinediately  after  the  injection  of  a  definite  quantity 
only  B  relatively  Rnalt  qumitity  of  fiunl  escapes  at  tirst.  the  escai'e  p(  the  re- 
enainder  talcing  place  onlv  nftrr  the  injcctmj;  fnrcr*  hoK  subcided 

If  equal  quantities  of  fluid  are  injected  at  intervals  into  a  rigid  tube,  a  co«Te- 
sponding  amount  escapes  with  eacli  inipul&e  and  the  discharge  continues  as  long 
aa  the  in^nilite.  itnd  the  pauH.-  betweeii  each  two  ]>i;'nod)i  of  escape  i*  always  enuitl 
to  thepcriod  between  two  imniiNr-i  In  ihr  taw.-  of  elastic  tabes  the  conditions 
are  different.  As  the  escape  of  the  fluid  cantinues  for  some  time  after  the  ce.iaatiun 
of  the  impulMi  it  will  alwayn  lie  possilile  to  c^tiabli.sli  a  cuntinuouK  outflow  Lhrou/h 
elastic  tubra  by  raaldns  the  ititervai  between  two  iuJL-ctionii  shorter  than  the 
duration  of  tlic  outflow  that  takes  place  after  the  impulse  has  been  complclcd. 
Thus,  th*  periodic  injection  of  fluid  into  a  ri^pd  tube  pToduec*  an  iBoehnjnous. 
sharply  limited  outflow  of  fluid,  which  can  become  permanent  only  when  Huid 
enters  the  t\ilie  in  a  contimiuu*  stream.  In  the  ejisr  of  clwttic  Cubos,  on  the  other 
hand,  inicrnittient  introduction  uf  fluid  produces  undar  the  same  conditions  a 
continuous  outSow  with  systolic  reinforcement. 

Ilamcl'»  invottitaiionit  have  ithown  that  elastic  tut>e*  permit  the  paiuage  of 
more  Huid  when  they  are  ftupplird  in  a  rh>tbmical  ptilsator)-  manner  than  when 
the  fluid  enters  in  an  uninie.rrupted  stream  und(;r  constant  pressure.  The  advan- 
ta^:  of  (he  rliyihiriieal  iiiijnilnv  fur  the  propulMon  of  the  drculatinc  fluid,  an  com- 
puied  with  a  unifomi  prcuurc.  appears  to  reside  in  the  fact  Ihat  the  allcmatinK 
movement  preserves  the  elasticity  of  the  arterial  walls, 

STRUCTURE  AND  PROPERTIES  OF  THE  BLOOD-VESSELS. 

The  lar|[e  blood-vesaelK  in  the  body  arv  tli. r:i|;;iied  solely  fur  the  {iiirimsf  of 
acting  as  conducting  canaU  for  the  nuus  of  Moml,  while  the  thin-w.-illoi  cupillury 
vcawU  eflect  the  interchange  of  Guhstances  between  tho  blood  and  the  tissuci  and 
in  the  opposite  dirc-ction. 

The  Jutartn  'itilt-r  from  the  veins  in  the  pustesnon  of  thicker  walls  in  con- 
sMuence  of  the  consitlerable  dexili'i'ment  of  muscidar  and  elastic  elements,  as 
well  of  a  greatly  developed  middle  tunic,  with  a  relatively  thin  advenlitiul 
coat      The  wall*  of  the  arteries  ciin.ii.it  of  three  coats  (Fig,  jgi : 

The  iMltNin  is  lined  on  its  inner  surface  by  a  miclrated  endothelium  ^a) 
consisting  of  flat,  irregular,  oblong  cells,  l^xtcrnal  to  the  endothelium  is  a  thin, 
finely  granular  layer  cunlaininK  more  or  less  diatiucl  fibers  and  numerous 
n)indlc- shaped  or  i^ellaie  protoplasmic  celU  embedded  in  a  correspondine  system 
r4  pl&stna-canals.  To  tl«  outer  side  of  this  is  the  inner  ela«lie  layer  (b).  which 
to  the  smallest  arteries  is  ropresentcfl  bv  a  structvtrcless  nr  lil'rous.  eln.'itie  mem- 
brane and  tn  the  medmm-Msted  arteries  \,y  a  feiitstraied  mi-mbrane;  while  in  the 
laTi;e£t  it  asKumes  the  appearance  of  a  «tr;ii,ilied ,  tibrous  or  fenestrated,  elastic 
membrane  consisting  of  two  or  three  tavers  and  united  In-  connective  tissue.  All  of 
the  larger  and  mcdium-siicd  aneries  contain  Uinjtimdinal  tibcr*  siiualcd  t«'lwem 
two  elastic  plates.  Ae.tinj;  together  with  ihe  circular  fillers  they  ore  capable 
o{  narrowing  ihecaliber  of  the  vessel;  but  they  possess  also  the  faculty  of  widening 
the  lumen  and  maitHiiining  it  at  n  uniform  width.  On  the  other  hand,  it  is  im- 
prfthablc  that  they  are  capable  of  independent  action  or  that  such  independent 
srtion  «  c.ipaMe  of  dilating  the  ve«*el 

Th«  mxddle  c-wt  h.is  for  its  most  characteristic  eonstiment  unstriated  musele- 
^^  fifafn  (c).  In  the  smallest  arteries  this  appears  to  be  composed  of  scattered, 
^H  transverse,  smooth  muscle- fibers  occupying  an  iniermeiliate  piMilion  Iwtween  the 
^H  tntima  and  the  advcntitia  The  rnnnertinK  muterial  consists  of  a  finelv  granular 
^H     ttane  traversed  by  a  few  delicate  elastic  fibers.     Passing  from  the  smallest  to  the 
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smaller  arteries,  the  number  of  imstruit«<l  muscle-fibers  increases  prosTCSSirelf 
until  thejr  form  a  strong  layer  of  circular  mujECle-tihen  uHth  nimo«t  comptete  dis- 
appearance of  the  connecting  substance.  The  outer  elastic  layer  forms  The  bound- 
arv  between  the  media  and  the  adventiiia.  In  the  large  arteries  the  connecting 
RiDttance  greaUy  predominates  over  all  other  tissues:  Separated  by  layers  cm 
delicate  fibroos  tuauc  there  arc  numerous  (as  many  aa  so)  thick,  clafitic,  dbrillated 
or  fenestrated  membranes  airaogcd  in  concentric  laycn  and  chiefl/  in  the  trans* 
rerse  direction.  Scattered  here  and  there  between  tlieae  membranes  an:  occa- 
sional onooth  muscIe-cclls  arranged  transversely,  less  oommonly  obliquely,  or 
longitudinaUy. 

The  initial  portions  of  the  aorta  and  pulmonary  arterv-,  the  arteries  in  bones 
and  the  retinal  arteries  are  devoid  of  muscle-tissue.  The'  descending  aorta  sad 
the  common  iliac  and  popliteal  arteries  poeacss  ohltotie  and  longitudinal  muaele- 
fibers  lying  among  the  transverse  fibers.  Thr  rmal.  splenic  and  internal  sper- 
matic arteries  contain  lonffiiudinal  bundles  at 
the  inner  surface  of  the  intfdi^i;  the  umbilical 
arteries,  which  are  cxcccdinzlv  rich  in  muscle- 
tissue,  contaio  longiiudinal  tnuidles  both  on 
the  inner  and  on  the  outer  surface. 

The  *H«mal  or  adventitious  eaot  in  the 
smaller  artcr>c«  is  a  delicate,  structureless 
membrane  containing  a  few  protoplosmtc 
cells.  In  somewhat  larger  vessels  there  is  on 
additional  la}ner  of  elastic  tissue  of  delicate 
libers  contaioins  strands  of  tibnllated  con- 
nective tissue  (d).  In  tlie  medium-sized  and 
largest  arteries  tbc  greater  part  of  the  ad- 
ventitia  consisis  of  btmdles  of  ftbrillated 
connective  tissue  containing  connective- tissue 
cells,  and  not  infrequently  an  admixture  of 
fat-ceUs,  running  obbqit<>ly  and  crossing  each 
other  at  numerous  points.  Araong  them  and 
chiefly  toward  the  media  are  found  Abrous  or 
fenestrated  elastic  layers  At  the  boundary 
between  the  adveniitia  and  the  media  the 
elastic  elements  in  the  <^mjil)rr  and  medium- 
siieii  urterie*  fuse  to  form  a  more  indepen* 
dene  clastic  membrane  (Henle's  outer  elastic 
membrane).  Longitudinal  anstrtnted  mus- 
cle-fibers in  scattered  bundles  are  found  in 
the  advcntitia  o(  the  arteries  of  the  penis,  of 
the  descending  aorta,  the  renal,  splenic,  in- 
ternal spermatic,  iliac,  h>-poga»tne,  and 
superior  mesenteric  arteries. 

Bonnett  suggects   the  following  natural 
Fm.  M.— Souii  Artnui  Ti>i(  Sksvinc  <■>«  tB-     division  of  the  layers  of  the  arterial  wbH: 

I,  The  intinna  embraces  the  endothelial  tube 

and  the  tissues  as  far  as  the  iniKT  elastic 

layer,    a.  The  media  contain.-!  all  those  part& 

that  are  situated  between  the  inner  and  the 

outer  elastic  layer.    3.  Tbc  advcntitia  includes  the  layers  found  to  the  outer  side  o^ 

the  clastic  membrane.  _    .         -._,_ 

The  Capillaries,  which  undergo  frequent  diviswn  without  suffermg  atm«k^^^^ 
lion  in  caliber,  and  in  their  subsequent  course  unite  sgain,  hav*  diamet^^,^^ 
var>-ing  from  t  to  6  /.  {retina.  mu*cl«)  to  from  to  to  aa  «>  (bone-marrow  li\»  »».J* 
choroid*.  The  tubes  are  formed  of  a  s.nRlc  layer  of  nucleated  endothelial  c^^T. 
with  protoplasmic  cell  bodies,  which  in  the  wnatler  tubes  are  spmdle-sh^^l*- 
and  in  the  larger  vessels  are  more  polygonal  (as  ts  the  case  with  the  cel>^"V>«3 
seraus  cax-itiesj;  they  an  connected  by  numerous  imeTeellular  bridges  ii;-^*Ti  ol 
depths  of  the  ccll-sutstniwe  Hike  epilhclial  celW  The  Vouodanca  ol  tbe!,^^  the 
are  demonstrable  as  blacl:  linr*  li;-  injection  of  a  >  siWer  mtrat*^     ^*^  «» 

stained    cement -substance  exhibiis  in    ^.'mc    pl.v  ..lated.  arv^  *^-w^^       lUtt 

sire.     %*hether  these  are  to  he  -  s  iruc  t.p*i-.,ng*  or   «lom;x\».  ^>^      ^'*'SL 

which  it  is  possible  for  rrd  and  v  — •  <»t  meroly  a*  «\«-ytf V-^^ifNhPWg 

gstions  ot  the  sUined  cemcnt-su»>     lt  «««  cjv:  >-  ^— i^ 


>.— Soull  Artnul  Ti>ic  Sksvinc  tbc  to- 
lUual  Larm  at  the  AniiUl  WsH;  ■. 

Tf*-^"— *■    b,  dMik  iBwr  COM:    (. 

bTW  ol  dtoiUt  muKlr-fibtni    d,  oiw- 

wolTMiMiw  adnnlkii. 
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PcuntilWs  BoX'tf/kygmtmuiUr.—'Tht  exposed  artrry  iFig.  41,  k  m.)  n  eti- 
do«cd  for  a  distance  in  its  contlnuky  in  aa  oblong  box  (K  K).  fiUod  vith  some 
indifferent  flui<l-  There  i;omTnuiiicate»  with  the  interior  of  the  box  a  graduated 
yerticiil  tube  (b),  filled  to  a  certain  point,  in  whkh  the  lluid  rises  and  falli, 
in  accordance  with  the  quantity  of  blood  contained  in  the  artery.  The  box  is 
eonairucted  like  an  ordinary  box.  one  half  reprewnting  the  body  and  th*  other 
half  the  lid.  A  cireular  Oipemng  is  made  in  each  end  of  the  box.  one  half  being 
contribatcd  by  the  body  and  thp  other  half  by  the  lid,  in  which  the  artery 
is  bennetically  sealed  by  means  of  soft  fat.  Powouille  found  the  distention  of 
the  carotJd  atirine  diaatole  in  the  horce  to  be  equal  to  ^,,  and  in  the  dog  to 
A  of  the  entire  volume  of  the  arterial  seKmcnt,  The  instrument  does  not  record 
any  more  minute  details  in  regard  to  the  movement  of  the  artery  during  the 
phases  of  the  pulse. 

H^rision's  Tnbidar  Sphysmamtttr  (Pig.  41)  consista  of  a  glass  tube  closed  at 
its  lower  extremity  by  as  clastic  membrane  and  filled  to  a  certain  level  with 
mercury.  The  apparattis  is  placed  vertically  on  the  skin  over  a  pulsating  artery, 
the  beats  of  which  set  the  column  of  mercurv  in  motion.     A  similar  instrument 


r  3 
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flu.  4t.— PnlteuiU*'*  l(«a-«aUatt  SphnDGoictfT;  •  »,  A*  eusMd  utMir; 
K  K.  Iha  MinnuuUiis  box  wflb  a«  *«tiul  tuba  ud  KBh  b. 


Fio.    4).— Tbc   Tutabr 

Sithyimoawm        «f 


was  used  in  1850  by  Cbelius.  who  succeeded  with  its  aid  in  discovering  the  double 
t>eat  of  the  nonnal  jvulse.  "  After  it  (the  mercury)  hari  been  raised  by  the  impact 
of  the  blond-wave,  tt  falls  aK»vii  as  suddenly  to  its  lowest  level,  after  first  malting 
another  short  pniisc  at  some  intermediate  point." 

Marty'i  Sphygnu^j^tapU  is  b^d  on  a  combination  of  tlie  lever  (which  was  first 
employed  by  Vierordt  tn  1S55  in  the  construction  of  hi*  "sphygmograph")  with 
an  clastic  spring  (l-'ig  43.  Al.  The  latter,  which  Ik  screwed  last  at  one  cTtretnity 
(s),  while  iiie  other  extremity  it  free  and  provided  with  a  round  pad  (y),  presses 
against  the  radial  artery  witli  a  force  equal  to  iluit  of  the  spring  To  the  upper 
part  of  the  pad  is  fixed  a  short  vertical  ratchet  (k^.  which,  when  acted  upon  by 
a  weak  spring  (e),  turns  a  small  cogwheel  (t),  from  the  axis  of  which  a  light 
wooden  lever  (v)  extends  almost  honiontally.  This  writing  lever  is  prt^ridedat 
its  outer  extremity  with  a  delicate  point  (s),  which  records  the  movements  of 
the  pulse  on  the  smoked  surface  of  a  plate  (P)  made  by  clockwork  (u)  to  pass  in 
front  of  the  point  of  the  writing  lever  at  a  uniform  rate.  Marcy's  instrument  is 
trustworthy  and  is  "^uite  extensively  used. 

Marey'e  sphygrnograph  is  adapted  solely  for  the  radial  pulec.     It  is  placed 
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lengthwise  on  the  forearm,  where  it  is  steadied  by  means  of  two  short  metallic 
supports  (S)  and  fastened  with  a  tape,  which  must  not  be  drawn  too  tight.  The 
apparatus  is  also  provided  with  a  secondary  screw  (H),  which  can  be  made  to 
act  on  the  spring  (A),  If  the  screw  is  tightened  the  spring  is  compressed  and 
rendered  shorter,  less  yielding  and  movable  with  greater  difficulty;  when  the  pres- 
sure is  entirely  released,  the  spring  (A)  has  free  play,  is  more  yielding  and  the 
position  of  the  pad  (y)  is  higher. 


Fig.  43-— Mirer'*  Sphygmosn-P''  (IMasnnmuiic). 

Marey's  Sphygmographwith  Transmission  oj  Air— ol  which  many  modifications 
have  been  made,  for  example  by  Knoll;  Fig.  44  illustrates  the  modification  de- 
si(rned  by  Brondgecst  and  designated  "pansphygmograph"— is  constructed  on  the 
prmciple  of  the  pneumatic  telegraph.  Two  pairs  of  shallow  metallic  cups — (S  S 
and  S'  S')  so-called  Upham's  capsules— are  each  pierced  from  below  at  their  center 
by  a  small  tube.  The  ends  of  these  tubes  are  connected  with  rubber  tubes  (K 
and  K') .     Over  the  mouth  of  each  of  the  four  cups  a  delicate  rubber  membrane  is 


Flo.  44. — Brandgeed'i  PuisphTK°»fraph  Comtmned  on  Upham's  and  tAsrcfi  Principle  of  Ibe  PropaaalioD  of 
MoTement  uunagh  Air-csiUuDiac  Dmmi  Covered  with  Elastic  Membranes.  The  figure  reprcMDU  also 
dUgrammarifaUir  Maref's  cardiograph. 

stretched  and  from  the  middle  of  each  of  the  two  rubber  membranes  S  and  S' 
there  projects  a  button-shaped  process  (p  and  p').  which  is  applied  to  the  pulsating 
artery  and  held  in  place  by  metallic  arches  B  B',  the  extremities  of  which  rest 
on  the  surrounding  skin.  From  the  center  of  each  of  the  other  two  rubber  mem- 
branes, which  are  directed  horizontally  upward,  there  projects  a  knife-edge,  which 
is  applied  close  to  the  balancing  center  (h  and  h')  of  the  delicate  writing  levers 
Z  and  Z',     It  is  evident  that  any  pressure  applied  to  the  buttons  will  cause  a 
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buI^Dg  Upward  o(  the  nierubnuie  of  each  of  tbe  upper  cups,  the  rooveinenu  of 
whirli  arc  (>miiiit:au^4l  ut  the  iK,-ritin^  lrvi-r», 

Thi:  in-ttruntcnt  sketched  in  Fig  44  shows  the  entire  Tceistrhng  apparaiiu 
in  duplicdic.  An  instrunxnt  of  thia  Viml  miiy,  therefore,  be  ^accd  with  the  two 
pads  OQ  iwu  dilTervnt  ui'terien;  for  rxjtmplc.  when  it  i»  desnvd  to  dcniniiKtrate  that 
the  pul»c  (.iccun  iraTlicr  in  the  ortcncs  near  the  heart  than  in  more  distant  %-es»ciG. 

Although  the  iiiKtramcnti  <ii*'*ribod  arc  convcnk-ni  to  haiidlc.  it  has  hcvn 
found  by  rxponcnci'  that  sudden  vjiriulioiu  in  pressure  arc  not  accurately  r«cord«d 
in  coosequf^nce  of  vibration  of  thi-  in«irmnt--nt  iiseU;  while  wlicn  the  variations 
in  iwexattre  are  li'*s  Kudik-n.  lh(^  records  mav  undrr  cortain  circtiniKtanccs  be  fairly 
accurate.  Anothvr  disadvantace  is  that  ifie  movement  of  the  writing  lever  Z  u 
not  entirely  s)i)chronous  with  that  nl  the  tiuiion  p.  For  this  reason  imtrumenta 
constructed  on  this  principh-  arc  not  wi;ll  adapted  fiir  accurate  time  wi>Tk.  The 
entire  apparatus  may  also  be  tilled  with  water,  in  which  event  leaden  pipes  are 
used  instead  of  the  connecting  rubber  lubes.  Thus  adapted,  the  apparatus  ia 
more  accurate  for  slower  nio\'vnti.-nt5,  while  a  pneunuitic  imtrument  ia  better 
adapted  (or  rapidly  varying  phii«c«,  kiicK  as  are  presented  by  the  movements  of 
the  piil«e 

LiJnii.'is'  AngU'^raph, ~^Pmm  one  extremity  of  a  plate  (Fig  45,  G  G>  serving 
aa  a  base,  arises  a  pair  of  arms,  between  the  upper  porta  of  which  the  lever  (d  r) 
moves  freel>-  U-twern  two  poiiitx.  'ITie  lung  ami  of  this  lever  is  pm^-idi-d  with  a 
pad  (el ,  dtrtrcle<l  downward,  which  is  to  be  applied  to  the  pulse.  The  short  arm  of 
the  lever  on  the  other  side  carriL-s  a  counter- weight  (dl.  hea^-y  enough  to  nuiintnin 


Do.  <).— liMliJt*  Aaakcruk  KcER*<aied  Dkpuimaikallir.     ta  wte  lo  Acinca  ibc  igiat 
a  tfao  iMi  bcca  CM  uui  ul  thr  aWtag  lc*n. 


the  entire  le\-rr  in  equilibrium.  The  extmnity  (r)  carrtea  a  spring-ratchet,  which 
preaaea  a^iiut  a  cogwheel.  The  latter  is  immovably  bxed  to  the  axis  of  the 
light  writing  lever  c  (.  which  i«  almi  suKpended  lietwren  poinli;  atid  is  supported 
by  the  two  uprights  q  and  attachrd  10  the  oopositv  enci  of  the  base  G  G  The 
wriitnic  lever  also  b  tnauiiained  in  perfect  equiliVihum  by  means  u(  a  small  counter- 
weight.  The  needle  k  is  suvpenued  from  the  extremity  of  the  writing  tcver  1, 
whuT  it  is  securrd  1^-  a  hinge  and  in  rrodily  movable:  it  is  carried  by  its  own 
weight  toward  the  taMet  (shiiMii  in  the  figure  in  profile) ,  and  as  it  moves  up  and 
down  it  record*  the  eur%"e  with  a  slight  Mrralchmg  movement  on  ihe  delicately 
tmokrd  snirface  «i  the  labl^t. 

The  lever  d  r  at  .1  p<->ini  iippn>xiniaii-lv  opposite  the  juncture  with  the  p<ad  e 
supports  on  the  end  of  a  vertical  rod  the  flat  plate  a  lor  the  nceptiosi  of  wel«hca 
to  increase  the  \oaiS  on  the  pul^e  llie  advantages  i>l  the  hicmicienl  arv:  (t>  ^^ 
load  can  lie  varied  at  will  «nd  can  ba  accanrt^ly  detertmnei!  (wtille  \n  warey** 

Sihygmograph  the  prrs-sitre  of  the  1 
thoujch  the  nectltr  is  cxnistaotly  in 
1)1'  :ds  with  a  minianm  dvft 

iM  -  u  a  Vertical  Up  11111  itol" 

a>  111    .'-i-ii*  ■  apr *"■—  ^—^•^^ 

meanucaMnt  «f  : 
brodt  adopted  Ibr       , 

In  the  choin  o(  a   sph^ 


fe   lt:f>-!.'. 
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metallic  gutter  h.  which  ih  pinced  <m  the  skin  so  that  iu  concavity  coven  the 
■rtenr  like  a  xmatl  tunnel  The  n.intnv  space  bcMrccn  the  wall  of  the  tunnel 
Uld  the  eldli  is  tilled  with  illuminating  gas.  Ti;  ihh  vwl  (.tne  extremity  of  the 
metallic  tunnel  is  cvi)n4:cted  with  the  K:>3~tuhc  k-  while  the  other  extremity  com- 
municjtlrf  bv  means  of  a  short  rubber  conncctiiig  piece  x  q  with  a  small  tube  t. 
bent  upward  at  an  angle  and  the  point  of  whicli  is  dravrn  out  to  a  minute  openini 
for  the  vecape  of  the  (jas.  The  cas  is  allowed  to  pAwi  through  the  m«t.-kllic  tunneE, 
tinder  low  pressure,  iht!  inflow  being  regulated  so  that  the  flame  v  is  not  moral 
than  a  few  millimeters  Umg,  It  is  ntadiFv  seen  that  the  flame  increases  in  height) 
synchronously  with  each  pulse-beat  ana  that  the  dmcent  is  interrupted  by 
ojstinct  afler-bcat.     von  Kries  photographed  the^ image  of  the  Itamc. 


7*he  measurements  of  the  •ccompany- 
ing  curve  are  as  follows: 

1-3  —    7-5  —  a. Ill  Bee. 
1-3  —  I*      ••  0.J58 
1-4  -  »»-5  -  o..i6-< 
i-S  -  39  S 


-  ftijJ 


Radiil  AnitV  Mufcai'li  l-imlnn'  Angionaph 
AHvlitd  toa  VIbMlinv  I'uiuns-lork.  Each 
iadBDUlkM  <anc*puuJ*  10  e«i4ii  mc> 


Hfmaulograpky. — ^If  a  freely  ejtposod  nrter>'  ba  divided  in  ui  uuidbI  so 
the  blootl-«tieam  spuria  forth  and  is  allowed  to  impinge  on  a  fflaM  pla.tc  or  a  ■  _ 
of  paper  moved  vertically  ut  Heme  distcutce,  the  rcnulLing  tracing  will  eoiaeid#' 
almMt  perfectlv  with  thc'normnl  curve  of  the  artery  as  n-corJcd  bj-  the  iphygmo- 
graph.     In  ad<fitinn  to  the  primary  elevation  (Fitf.  49,  P).  the  recoil- elevation  (R) 
and  the  elasticity-elevations  (e  c)  are  appreciable.     This  self-registration  of  the 


h'n>.  ^ft. — Linioiif  U«»-ifJiygiiw«ii>f 

blood-wave  furnishes  a  convincing  proof  that  the  movement  is  produceil  in  the 
blood  ilMilf  oud  is  communicated  as  an  unduUlorv  nwvr-ment  to  the  arterial  wall, 
liy  detcrralning  the  quantity  of  blood  contained  in  the  several  portions  of  the 
hemautoeraphic  trncing  it  i«  found  th«t  the  quantity  of  blood  that  escapes  (raafej 
the  divicted  artery  dunng  systole  is  to  the  muintity  that  escapes  during  diaoKolv 
(that  is  during  contraction  and  dilatation  of  the  vessel)  approximately  as  ;  :  10. 
The  r|uantity  of  blood  that  escape;*  durinv  a  unit  of  lime  while  the  artery  is  di- 
lating is  e<^uAl  to  a  tittle  more  than  twice  the  ()uanlity  that  escape*  during  a  unit 
of  time  while  the  vessel  is  contracting. 

THE   PULSE-TRACING,    THE    REC0IL-E1.EVATI0H    AND    THE 
ELASTICITY-ELEVATIONS. 

The  sphygmogram  prestnts  an   " 
distention  (dinstole)  of  the  Brterj- , 
scending  limb,  which  corresponds 


'  :  -■    -pcordcd  during  the- 
r>.  PV.  »nd  llie  dv- 


'e)  of  ihte 


(nttCiir  urtt)  pROPERTiss  6f  tav  dicrotic  elrvatiok. 
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arten*.    The  most  conspicuous  features  of  the  sphyj^niographic  tracing 
are  the  two  entirely  distinct  elevations  in  the  descending  limb  of  the. 
cnrve.     The  more  prominent  of  the  two  occupies  approximately  th 
center  of  the  descending  limb,  where  it  appears  as  a  distinct  clevatio 
(R):  it  is  known  as  the  dicrotic  after-beat  or.  with  reference  to  its  origin 
as  the  recoil-elevation. 

The  sphyKmogrnphic  tracifig  reproduc^K  tb«  dironotogical  course  of  th6 
pnssure  exerted  by  ti«  unduUit<;r^'  movement  of  the  blood  on  the  Anehal  wnll. 
the  pul  of  the  s^hvgtnogTBph.  which  is  supported  on  a  (pring,  nsinc;  And  falling 
with  the  variations  in  pressure;  the  instrument  thereforv  records  "prcssurft. 
pulse." 


ig 

1 
1 

11. 
pre«sure.^B 
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ORIGin  AND  PROPERTIES  OF  THE  DICROTIC  ELEVATIOIT. 

Tiie  Ttcoil-eUi'ation  (also  designated  secondarj'  or  dicrotic)  \s  pro- 
duced in  the  following  m.inner :     After  the  column  of  blood  propelled 
into  the  arterial  system  by  the  ventricular 
systole    has    generiiled    a    positive    wave, 
'"'hich,  beginning   at    the    aorta,   extends 
rapidly  to  all  of  tl»e  arteries,  even  to  the 
™tnutest    arterial    branches,    in    which    it 
disappears,  the  arteries  contract  as  soon  as 
^osure  of  the  semilunar  valves   prevents 
*he  further  entrance  of  blood.     The  elastic 
^•ty  and  the  active  contraction    of   the 
Wood-vessels  thus  exerts  a  counter  pressure 
P''  the  blood-column.     The  blood  is  fort-ed 
Jo  seek  an  outlet.     In  its  progress  toward 
"8  periphery  it    finds  no  obstacle  in  its 
P^Ih.  but  the  portion  that  escapes  toward 
'6  center  of  the  circulation  recoils  from 
"e  already  closed  semilunar  valves.     The 
«nipact  of  the  blood  sets  up  another  posi- 
jy^  'V'avc.  which  i.s  again  propagated  into 
P<    arteries   and    disappears  as  before  in 
ine  i«motest  minute  branches,     If.  how- 
y*"^.    there  is  sufficient  time  for  the  com- 
plete development  of  the  sphygmo^aphic 
traciiifj.    a  second    reflected   wave  is  pro- 
H.**    '"  **"*  P™'""!^!  arteries  (especially 
^  *he     short  course  of   the  carotids,  hut 
so  \r\     the    arteries    of    the    upper    ex-  h 

[^'"'*'*cs,  but  not  in  those  of  the  lower  extremities  because  of  their  | 
Wni  ^^"^^)  ""  ^^^  ^xne  way  as  the  first.  Just  as  the  pulse  appears 
]j  ^^"'"hat  later  in  the  more  peripheral  arteries  than  in  those  nearer  the 
ijj/*^*  ''*9  ""^  second.^^y  wave,  produced  by  the  recoil  of  the  blood  from 
Wnd^*^'^*''  Valves,  also  appears  later  in  the  more  distant  arteries.  Both 
*Iso  it^*^  Waves,  the  primary  and  the  secondarj*  pulse-wave,  and  possibly 
ga(  ,  p  tertiar."  recoil-wave,  originate  at  the  same  point  and  are  propa- 
thev  *"  i5^*  ^^"""^  ^^y-  '"^^  lontjer  the  distance  to  be  traveled  before 
at  i\,I?^^  ^  given  point  in  the  arterj-.  the  later  will  be  their  arrival 
«  thai  point. 

,-^.   ^'^'lowing  laws  with  regard  to  the  recoil-elevation  have  been 
^Unerf  experimentally: 


lh4  pMiiriorTitiial  Artny  i.l  •  Lurxe 
l><m-   P.  iirimuT  p«lK-«m;   K.  rc- 
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counc  is  that  of  the  nncrics  of  the  lotrcr  extremity,  in  which  the  apex  of 
the  rc4;oil-i:IcvatioTi  is  formed  ibout  0.45  or  o.^t  or  9. ft)'  second  after  the 
beginning  of  tl»c  cwrvt,  in  accordaiicc  with  the  aiec  of  tlie  inaividual.  In  childrvu 
aoS  in  small  individuala  ih*  rvc oil- elevation  octurs  occordinRly  earlier  in  all  of 
the  arterici,  I(  a  nihber  tiiSe  He  rr)nn«;lcd  with  the  <!*roiid  or  th<'  femoral  artery 
of  a  dog.  the  sphyfjinographic  tmcing  may  lie  rocordt-d  also  from  this  tube. 
Vndier  such  circumstances  the  init^rval  between  the  bediming  of  the  curve  ond 
the  dx^rotic  elevation  will  naturally  he  direcUy  proyoTtiatml  to  the  length  of  the 
tube. 

3.  The  tlicrottc  elevation  in  the  descending  limb  of  the  curve  will  be 
the  lower  and  the  more  indistinct  the  greater  the  distance  of  the 
artery  from  the  heart.  It  is  not  stirprising  that  the  secondary  wave 
becomes  smaller  and  more  indistinct  the  further  it  must  travel  in  the 
.irterial  tube. 

3.  The  dicrotic  elevation  in  the  ptihe  wtl!  be  more  distinct  the 
shorter  and  the  more  vigorous  the  primary  pulse-wave.  It  is,  there- 
fore, relatively  largest  with  a  .short,  powerful  systole  of  the  heart. 

4.  The  dicrotic  elevation  is  greater  the  greater  the  tension  in  the 
arterial  tube. 

In  Fig.  «  IX  and  X  arc  recorded  with  low.  V  and  VI  with  moderate. 
and  VII  with  hich  tension  of  the  arterial  waJI. 

infiufitim  A^jtcitnf;  ['aicuiar  Tmsit/it. — A  number  of  inSuenccs  are  known 
that  affect  the  tenaii^n  in  Iht^  nrtf^rial  tube.  The  tension  i&  dinunishrd  by  beginning 
mspiration,  vasomntrir  paralysis,  vwiesection,  intermission  of  the  heart's  action, 
heat,  and  elevation  of  a  part  of  the  body.  The  tension  is  increased  by  beginning 
expiration,  accelerated  heart -act  inn,  stimulation  of  tht;  vasomotor  nerveu.  inttir- 
fcrence  with  the  flow  of  blood  to  the  periphery  (as  by  conditions  of  inflammatory 
stasis),  certain  poisons  (such  as  lead),  compression  of  other  large  arterial  tninks. 
ihe  cilect  of  cold  and  of  cU-ctririty  or  the  small  vtjwelit  »>(  the  »kiii ,  and  inter- 
ference with  the  venous  flow .  Likewise,  exposure  of  the  arlcrial  trunks  is  followed 
bv  increased  vaitcular  ten.iiim  on  iico'iint  nf  the  atiniulitiion  cauAi-^  by  the  atmo!)- 
pttcrio  air  cominic  in  contact  with  the  arterial  wall.  Increoaed  ortc^nal  Icnaion  is 
rtbservcd  also  in  association  with  a  variety  of  morbid  conditiona.  When  the  tea- 
sioo  U  high,  the  entire  Bphyj-moip-aphie  tradnK  is.  as  a  rule,  lower. 

In  conformity  with  tlic  condition*  named,  increased  tension  will  be  indicated 
by  a  lower,  more  indiittinet  dicrotic  elevation:  and  diminished  tension  m  the 
uterial  tube,  on  the  other  hand,  by  an  enlarged  and  more  distinct  dicrotic  eleva- 
tion. _  A  consideration  of  the  laws  K"Vrriiiii(i  the  dieroiic  elevation  is  of  great 
practical  significanct:  in  the  study  of  the  pulse,  Moms  aiwcrl*  that  the  interval 
elapsing  between  the  primarv  clevatinn  and  ihi  dicroric  wave  incrca^«s  directly 
a*  the  (liamclcr  of  the  vcisel.and  that  the  thickneat  of  the  wall  diminishes  aa  the 
coefficient  of  ela-iticity  becomes  ^malicr. 

OHIGIK  ANt>  PROPERTIES  OF  THE  ELASTICITy-ELEVATION. 

In  additinn   to  the  dicrotic  elevation  a  series  of  more  numerous. 

though  much  less  distinct,  often  almost  imperceptible,  movements  arc 

appreciable  in  the  sphygmographic  tracing      These  (marked  e  e  in  Fig. 

5*)  are  produced  by  the  vibrations  of  the  elastic  vessel,  which  behaves 

Uke  a  tense  elastic  membrane  when  it  is  rapidly  and  vigorously  stretched 

°y  the  pulse-wave,  just  as  a  rflaxed  elastic  sheet  of  rubber  undergoes 

3  Hnn  of  oscillations  when  it  is  Ruddenly  and  vigorously  stretched 

•Id  made  tense.     Similarly,  the  clastic  tube  will  exhibit'  oscillatory 

^  ovements  when  it  passes  suddenly  from  a  condition  of  tension  to  one 

j).,,,^  .  **^*i*3n      These  minor  elevations  produced  in  the  sphygmographic 

[      '^''^,  ^y  tljc  elastic  vibrations  of  the  arterial  wall  are  known  as  elas- 

"^l^va  lions. 

'"  *Ifsticity-elcvations  arc  due  to  the  vibrations  of  the  stretched 
'nod-vessel,  the  following  facts  will  be  readily  understood: 
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1.  In  the  same  artery  the  variations  in  elasticity  increase  in  num- 
ber as  the    tension    of   the    arterial    wall    increases,     Kspecially    high 
tension  has  Iiccn  encountered  chiefly  during  the  cnld  stage  of  malarial, 
fever  (intermittent  fever),  and  precisely  in  this  connection  has  tlie  mo8t| 
obvious  increase  in  the  elevations  also  been  observed, 

2.  If  the  tension  of  the  arterial  wall  ii  greatly  diminished,  the  elas- 
ticity-elevations may  disappear.  As  diminution  in  the  tension  favor* 
the  development  of  a  dicrotic  elevation,  the  two  kinds  of  elevations  have. 
with  respect  to  their  magnitude,  an  inverse  relation  to  each  other. 

3.  In  the  presence  of  diseases  of  the  vessel-wall  that  diminish  or 
even  destroy  its  elasticity,  the  elasticity -elevations  are  either  greatly 
diminished  in  size  or  altogether  abolished. 

4.  The  greater  the  distance  of  the  artery*  from  the  heart,  the  greater 
will  be  the  elasticity-elevations  in  llie  descending  limb  of  the  cur\'e. 

5.  When  the  mean  pressure  in  an  arterj'  is  heightened  on  account  of 
interference  with  the  flow  of  blood  in  the  arteries,  the  elasticity-eleva- 
tions are  nearer  the  apex  of  the  curve. 

6.  The  elasticity-elevations  vary  in  number  and  position  in  the 
sphygmographic  tracings  from  the  different  arteries  in  the  human  body. 

When  the  arm  in  heUI  in  the  vi-rlicitl  jioailion,  rclaxaciun  and  tliiniiiutiiin  in 
the  elastic  tension  appear  in  the  course  of  bvc  minutes  ic  the  arteries  of  the  upper 
vxtrvmity,  whJcli  at  the  uune  time  contain  leu  blood. 

Th«  elevations  that  are  d««i|;nttted  e  last  i  city -etc  vat  io«i»  are  believed  by  Moens 
to  owe  their  origin  to  nuineroiw  small  <r&vec  thnt  ftppenr  to  he  superadded  to 
the  dicrotic  clcv&tion.     Grashcy  thinks  tht'm  only  in  jmn  duo  to  clastic  vibrations. 

The  laws  governing  the  movenicnt  of  the  piilse  may  be  most  readily  demon- 
stntti^tl  by  means  ot  in vestiKntions  m  reeanl  to  the  undulntor>'  movements  in 
clastic  niftbcr  tubi-s,  at  has  been  done  by  Marej",  Landois,  Mocns.  Grashey,  G.  v. 
Liebig,  and  others. 

THE  DICROnC  PULSE. 

.  J.  Under  the  influence  of  exces»iv*  *-lcvation  uf  tt-niperaturc  the  pulae  ia  man 
'  ('jj^^mettmet  ohM-rvL-d  to  be  composed  of  two  hcata  (Pig.  <o) ,  the  first  betne  large  ' 
and  the  second  small  and  apparently  secondary  tn  the  lirst  .\  couple  01  th««e 
bents  always  correapond  to  a  single  B\-stole  of  the  liean.  By  the  sense  of  touch 
it  is  quite  possible  10  feel  the  two  unequal  lieats  separately'.  The  study  of  the 
pulse  nith  the  sphyifmoi^ph  has  taiisht  that  the  dicrotic  pulse  ix  only  an 
exaggeration  of  the  normal  pulse.  The  palpable  secondary  beat  is  only  a  greatly 
iiuiiciiifi<-<l  dicrotic  clcvntiim,  which  under  nunnal  cnnilitiuns  ciiniiot  Ik  recOEnized 
by  Lhc  palpating  fingrr.  but  which,  whrn  increased  by  somr  morbid  condition., 
becomes  re«ognuablc  by  Ibc  sense  of  touch.  At  regards  the  causes  tlial  ore 
reeponsible  for  ibis  increase  in  the  siic  of  the  dicrotic  elevation.  Landois'  investiga- 
tioui  have  yielded  the  following  remits: 

t.  The  production  o*  a  dicrotic  pulse  in  favored  by  a  short  primary  pulse- 
wave,  such  as  occurs  usually  iti  the  prrscnce  of  fever,  a  condition  in  wbicti  the 
contractions  of  the  heart  are  comparatively  rapid  and  unproductive. 

9.  The  dicrotic  puUe  is  favored  liv  reductimi  of  the  tensioti  in  the  arterial 
system.  A  short  systole  combined  with  diminished  anerial  tension  offer»_  the 
most  favorable  condilion  for  the  pn^duciion  of  ilic  dicrotic  putsc.  Somrtimcs 
the  dicrotic  pulH;  is  ft'lt  only  in  a  ccrlniii  urtchal  distribution,  while  in  all  the 
others  the  pulsc-bcat  is  single.  This  happens  especinlly  in  the  brachial  arUTy  on 
one  or  other  side  of  the  Sody.  Under  such  eireumstancr*  the  conditxonii  for 
the  production  of  dicrotism  m  the  corresponding  arterial  area  must  be  esi>fcially 
favorable  These  conditions  will  be  found  in  the  local  diminrittfn  nf  va.tMi!sr 
tension  in  this  area  m  conscriuence  of  paralysis  of  the  va«' 
trolling  it.     If  the  tension  be  iocressed.  as  can  readily  be  il  ; 

ailjjicent  or  other  arterial  trunks  0/  L-Linsidt-nble  d;  '  ■  I'l, 

the  dicrotic  pulse  is  converted  into  a  wnek  piilw      1  ^'"*~ 

lism  appears  to  be  due  to  the  elevation  of  temperatu]. 
causes  greater  distention  of  the  artery  and  alioner  and 
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y  It  is  abs<dutel>>  indispMiSflble  f«r  the  production  of  the  dicrotic  pulse  th*t 
tlie  arterial  wall  possess  iisnonnal  eiaaticity.  In  old  persons  vrith  mlci6ed  artftrial 
wbU^  dicrotitm  doeit  nut  u;jbear. 

In  FiK  51,  A.  B.  C  itlitiiiniU!  the  gradual  transition  from  thv  normal  radial 
curve  (A)  to  the  dicrotic  pulse  IB.  C).  in  which  the  recolUelevation  (r)  appears 
**  an  indepcnilent  elevation. 


Fm.  ^i.^KoRmt  rubt-pctxlactiuii  of  the  VkMic  Pulir.    F.  cspdMii#— P,  iiiaaentoi\i%. 

U  in  the  presfiicc  of  dicrotism  of  febrile  origin  tlic  pulse  becomes  more  and 
more  frequent,  the  next  succeeding  pulse-heat  may  hcztn  before  the  descending 
portion  of  the  recoil -elevation  is  completed  (Pie.  51.  D.  E.  F).  or  it  may  cvca 
Iwgin  at  the  apex  {<j)^P.  capriians  Kinally,  it  tlit  ncxl  succeeding  beat  begins 
in  the  depression  (0  between  the  primary  efcvfttion  M  and  the  recoil -elevation 
it),  the  latter  disappears  altogether,  and  the  curve  {ii )  axuMmai  the  monocrotic 
ronn. 

DIFFERENCES  m  THE  TIME-RELATIONS  OF  THE  PULSE. 
FREOUENT  AKD  IHFREQUENT  PULSE. 

In  accordance  with  the  numlter  of  ))ubc*t>cat»i  in  cue  minute,  the  pulae  is 
designated  cither  frei^uent  or  infrcqutnt.  Under  the  inthienct:  of  fev-er  or  other 
agencies  the  number  of  pulsc-bcats  mav  be  considerably  increased  until  they 
reach  110  or  more.  Reduction  of  the  pulse-beats  to  about  40  is  observed  under 
ecrtaio  normal  conditions  (during  the  puerpenum.  in  slates  of  hunger,  and  as  an 
idioayticras>-  In  some  individuals).  In  rare  cakck  these  limits  may  be  exceeded  in 
cither  ibre(.-tifln  In  periodic  attacks  as  many  as  ijo  pulse-beats  have  been 
coumcd.  Such  attacks  must  be  designated  pyknocardia  (the  term  tachycardia  is 
incnrrcct  brcauic  "iiif  is  equivalent  to  (jtiick).  Ahnormitt  infrctjucncy  or 
spaaicaidia  (the  term  bradycatdia  is  incorrect  because  fipaXif  is  equivatcnt  to 
Slow)  also  occurs:  ij,  10.  and  even  8  beats  in  the  minute  have  been  counted. 
Lnd«r  aueh  conditions,  disease  of  the  cardiac  neni-cs  or  t>f  the  muscle  from  over- 
exertion e*  ditordetv  in  the  cfTorarj,'  circulation  should  be  thought  of. 

Deepening  of  the  ri-*pifntion  wiitirmt  acclcratifm  usually  causes  some  increase 
in  the  trecjuency  of  the  pulse.  Accelerated  but  supcrticial  breathing  is  vithout 
cSect,  while  d«^.  rapid  respirations  increase  the  number  of  pulse-bents. 

QDICK  AHD  SLX)W  PULSE. 

When  the  development  of  the  puU -wave  i.i  Mich  that  the  dislcnttom  of  the 

hk^r      '"      "'**'  ^"  .-ddwly  to  iU  mnAimum  sn'l  ciltapse  nf  the  distended  artery 

lliL.i'.^  "Wurs    ^dually,  the   slow    pulse    U   produced:    while   under  opposite 

3il,     *?  MUicfc pulse  result*.      Among  Hie  factors  that  mcreasi-  the  quicknew 

^    -  f™**^  '*"'"  *'o*'"C**  ^f  curdiac  acliim;  grf.itly  diminiKhi-d  TVKi*tnnee  of  the 

die  Saw^^ti    ■^''"^^^i''"  *•*  'be  smallest  arteries,  'diminishing  the  resistance  to 

Enwhic  i«L  J*'    K"'**'*^  proximity  to  the  heart.     The  cHr\'e  in  a  sphygmo- 

"Sraalow    "£   '"^TO  a  quick  pulse  is  high  and  the  apex  jiuinied:    a  slow  pulse 

lU,fc_.    *P*?ypnogT3phic  curve,  the  ascrnding  portion  being  particularly  t^ort, 

**^»I>e)c  in  broad. 
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COITDITIOHS  .tHFLOEHCnrO  THE  PREQUENCT  OF  THE  POLSE. 

In  the  normal  adult  male  the  number  of  pu]Bi;-b«^ts  is  71  or  ^a  in  the  minuie 
in  [hefvmslealMuLdo.     Other  fuciuni  that  inttiienee  the  Trequency  arc: 


Xevr-lKifTl    .    ....».■... 

]  year 

a  years  - .  

3  ;;  

10  jnare .atmac 


Scota  in  lb*  Pou  ia  ttac 

Ulnulr.  Minuw. 

.1J0-140  ioih-i5th  year .;8 

.t  10-130  i5t)i~3oth     "  70 

.  105  aoth-i5ih  . . .70 

-  leo  »5th-50lh     "     ,....;© 

.  97  6atbye«r 74 

fM-  go  Soih  y«jir 70 

90  toth-90th  year  ..... .over  80 


(fc)  The  Unpii    i<f  lii«  fr^'rfj'  stands  in  a  (iefimie  retaiion  to  Uie  [reqiiency  of 

th*  piiUc.     Volkmann  gives  the  formula  f^~Li  ,  '"   which  P  and   P,    repreiufnt 
the   pulsft-freqiwncy  and   L  und   L^  the  bndy-lengih.      Knmenux   suggieat*  the 

Jj,. 


following  fomiula:     N,  —  ^'i  n  ,  '"  which  N  and    N,   represent  iho   pul»6-fre- 


r|uency  and  0  and  D,  the  body-lenjrth.  Dy  nll^a□s  of  tliin  formula  the  pube- 
frcjut-ncy  has  l>eeii  calculated  from  the  l>ody>Icngth  in  a  mimhcr  of  heallhy 
indiviiliml!!  with  the  fijllowing  results: 


in  I.  oila  of  IS  Cm. 

80— ijo 

rjO-IOO.... 
loo-lie. ...  , 
110-110....  . 

tyt-tAo 

140-1 j». . . . 
150-160, . . . 
160-170. . -  - 
170-180. . . , 
Over  i«o.. 


.  ,  .go 
...86 
...81 
...78 
■••75 

•'T 
.,  .69 

...67 

...«5 

-  -  .* Jt 

.  .60 


l-i^: 


OUaToj. 

103 

V 

'! 
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It 
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Aft  it  ia  poasible  tn  deteniiine  the  pulse-frequency  from  the  body-length,  i| 
mutt  also  be  pOBsiblc  to  cakiilule  the  hixly-lrn^th  fmm  the  pulse- frequency.  Pot 
this  purpose  tne  following  is  deduced  ffx»n  the  foregoing  formula: 


I>,  - 


DN' 
NT- 


" 


These  calculations,  naturally,  have  only  a  theoretical  interest,  and  itlBaf^rfffadi 
that  for  purpoacs  of  comparison  none  hut  pi-rfet.-tl>'  heallhy  iiidindusll  of  Uie 
same  ace  and  sex  und  living  under  iil>»oiut«ly  identical  conditions  must  be  selected  . 

{c\  01  other  (ftct-^rs  that  inlliiencc  the  fretnit-ticy  'if  the  ptilse,  it  hft»  l'*^rx.! 
observed  that  muscular  aciivity,  heightening  of  the'arterial  blood -presaure,  it^  ' 
gestion  of  food,  tli^vation  of  temperature,  pain,  unpleasant  cenitattona  in  tV^^ 
alimentary  truest,  nausea,  and  pBVchic  or  wxual  rscilement  areelcmtc  ihr  pulu:         ^ 

Further,  the  pulse  ia  somewliat  more  frequent  in  the  standing  f•(l^^^:^ln  (nV 
when  the  body  is  raised  pa«ively)  than  in  the  rtxumtient  puiiure,     Mu&ic  -  ' 

erates  the  heart-lieat  in  man  and  in  animals  and  at  the  wimc  lime 
blood -orcssure,      Exposure   to   increased   atmospheric 
pulse-frequency.     In    the    latter  condition    the    finX 
nearly  approaches  the  summit. 

(rf)  The  diurnal  periitdUHy  of  the  puU' 
variatione  rarely  exceed  a  few  beats  and 
the  course  of  the  temperature-nirt'e.     Ac-     1 
quent  with  ihe  advent  of  winter  and  is  leaii  '>. 

(«■)  Frequency  of  the  pulse  in  ^Tirfous  atiitd.il-      ' 
about  30  (in  mafe«  and  work-horees  it  is  n  liilli* 
hA**S  9S-  cat  130.  rabbit  f 
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VARIATIONS  Iff  THE   RHYTUM  OF  THE  PITLSE  (ALLORREYTHMU). 

When  thu  linger  w  np[>!ic<]  lo  thi;  noniwil  artery  no  special  rhythtu  is  obscTwd, 
tQ«  beau  appart^ntly  succeeding  one  anotli<ir  at  rtjiular  mt^rvoU.  although  email 
<li9crMic«!:  may  be  observed  in  the  iniorvaU  between  the  pulsc-beiitii,  any  mors 
«>mpli«ited  rhythm  must  bo  constdered  an  abnormal  pulse-movemcm.  Sonic> 
HtDe*  ft  beat  i*  suddenly  dropped  from  the  normal  succession — •imirTrpn  <>/  f/d* 
pffitt.  When  this  is  due  sim|>ly  to  weakness  tif  the  sx'FtolB.  lh«  pule«  is  designated 
LW^nuio^Bi;  when  due  to  the  absence  of  sysiole.  :hc  pulse  is  ilesipiiated  dtficteni. 

*n«  latter  occasionally  occurs  in  the  obese  siiid  hsw  no  piithnloKical  sicnilicance. 

V^  rarely  a  serica  of  piilsc-lM.-ats  is  characterized  by  the  successive  diminuiion 
"^  individual  beata.  followed  after  an  interval  bv  a  return  to  the  original  strength — 
J  -  'xyttraj,  SotnetimcJ  ii  supernumerary  ])ulxe-bciLt  apiiears  to  l)c  intcrpolnted 
"•  th*  normal  ^xA^tUrcttrrtnt  pulse.  These  forms  ol  pulse  are  not  infrc- 
Muently  produced  reflexly  tlttouEh  the  ea%lro-inte9tinal  tract,  of  they  are 
^™«fvpd  in  co«e»i  af  neuraxthenia  after  p*ycnica!  di«lurbanc«,  often  after  intoxi- 


Fi«.  ii.-'.\li<(iuuaK   rulic. 

tiofl   w'ith   alcohol  or  tobacco,  in  the   absence  of  aoy  changes  in  the  heart. 

jtJ^iJ^onally  an  intercurrent  s>stol*;  of  the  auricles  lakes  place  in  conjunction  with 

l^'  deficient  or  the  intermittent  pulse.     The  regular  nltcmation  from  a  high  to  a 

^       ptll»c  is  IcnnwH  as  aJtfrnatinf  pui\e.     The  peculiarity  of  the  bigctninaitr  fmixe 

f^^'^^r    according   to  Traubc,  in  the  circunmtance  that  the  pulac-bcats  always 

^I'lr*     psiir«,  !«o  that  the  second  beat  always  begins  close  to  th«  descending 

Jy"  of      the  curve   of  the  first.      In   the   same  way  a  IrigetninaU  Of  a  qvO'Sri- 

S^liwil*^-     jiulse  may  be  produced       Knoll  found  in  experiments  on  animals  that 

f*tie  Vfa.n»tie[(  of  (he  puUe   oecur  whenever  greater  recistanccK  develop  in  the 

^"J^ulat-ion.  increasing  the  demands   on  the  heart,      la   man  ako  their  occur- 

^J**  ixsints  to  a  diMiroportion  Iwiweeti  the  strength  of  the  heart-muscle  and  the 

•'^a  u>  "txs  performed.     Absolute  irregularity  of  the  heart  is  desifcnated  arrhythntia 

"^ ^ir*t*tn  cardix. 

VAItlATIOKS  IN   THE   STRENGTH,   THE  TENSION,   AND   THE 
VOLUME  OF  THE  PULSE. 

.  IJo  relative  strfitgtk  of  the  pulsc-beat  C^irotiK  «"*!  feeble  pulse)  may  bedeter- 
"unea  V>y  n1>seTving  the  weight  ihc  pulse  is  capable  of  raising.  For  this  purpose 
*  "^S^tc'd  sjihygmograph  may  be  u-icil.  the  pad  of  which  ia  applied  ro  a  section 
«l  the  arttiry  that  must  dc  constant  in  extent.  The  writing  lever  nattirally  ceases 
w  act  ^  soon  aa  the  pressure  on  the  artery  exceeds  the  strength  of  the  pulsc- 
.  lSj  load  directly  indicates  the  «lrength  of  the  pulM.     .According  to  0,  v. 

i^uebig  the  pulse  in  a  man  with  a  tendency  to  pulmonary  tuberculosis  is  readily 
apre»sed   (feeUe)  and  it  has  at  the  eam'c  time  n  tendency  to  dicrotism. 

'he   pulKe:  appears  hanl  or  soft  when  the  artery,  in   conformity  with  the 

■"  MQod-pi-iemm)  but  incirpcndimtly  of  tlie  strength  of  the  individual  beat, 

ABHiBtr  or  lesser  resistance  to  the  palpating  linger ^Jid rij  &iid  soft  puhr. 

CO  be    fitU  when  the  artery  is  greatly  distended  and  over- 

i(  the  size  of  the  pulae  itself,  and  etitpty  when  the  artery  is 

tmiicn  of  an  artery  and  of  the  pulse,  that  is,  whether  the 

r:dunild  always  be  noted  ivhether  the  artery  exhibits  that 

"*  "  -wave  or  .il«o  while  the  vcEseL  is  at  rest.     All  arMries 

than  in  Their  renting  state,  but  an  artery  that 

during  llie  jiautf-  between  the  heats  iijipear 

^    —„  for  example,  in  cases  of  aortic  in- 
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suflici«iK:>'.  in  which,  after  the  contraction  of  the  left  ventricle,  a  Uirjce  qusntily 
of  blood  a«w8  back  into  ihc  vcniriclc  through  the  Ivakr  semilunar  valves  of  the 
aun«,  and  llw;  art^rriva  coitefqutntly  b<.twiic  rtIali^■fly  bloodless.  The  pul*c-tcn- 
tior  is  lowest  in  the  itandinf;,  hif^her  in  the  tittinf[-  and  higti«sl  in  the  recumbent 
position. 

Other  thin^  bring  rqual.  the  volume  of  the  pulw-waves  may  be  directly 
deieniiincd  from  tla*  iino  of  the  &phvgniograi)hic  tracings.  Thus,  the  following 
types  ol  pulse  arc  <Ji«tin^ii«.hrcl:  the  Atrjfc  ;incl  Ilic  smtiU  pulMr;  the  uHtijuai  pulsr: 
tne  extremely  weak  pulse.  Vi'hich  is  fell  only  as  a  succession  of  faint  tremors 
(triTiiu/t/Kj  puluc);  and  the  indistinct,  scarcely  appreciable  pube  (jUifitrm  and 
itUctuibLr  pulMr).  A  larf^c  soft  milse  is  dciii£iiatcil  a  JiiattJ  )>u1ik:  a  nmall  hard 
pvilsc  a  coHtrattrJ  pulse;  a  smaU  pulse  u£  great  (rcHUcncy  a  wttHKittar  pulse;  a 
larKC.  hard,  frequent  pulne  a  u-rrate  pulse,  a  large.  cxtrniK-ly  hard  pulse  a  vibranl 
pul»v ,  and  u  pulse  that  is  dilleretit  in  two  corrcapondini;  arteries  on  oj^ouite  sides 
of  the  hodv  (due  to  stennMS,  comprcsKJon  or  kinking  on  one-  lide)  a  dijftr^ni  piilM'. 

SPHYGMOGRAPHIC  TRACINGS  FROM  DIFFERENT  ARTERIES. 

SPIIYGHOGRAPHIC  CURVE  FROM  THE  CAROTID  ARTERY. 

(Fig,  so.  I.  II.  II!:  Pig.  57.  C  and  C,.) 
The  ascending  limb  is  ejccccdingly  sleep,  the  apex  of  the  curve  (Fig.  50. 1,  P), 
traced  with  a  nninmuin  dejjree  uj  mciion,  bein^  pointed  ami  iirominpnt  The 
fiist  elevation  below  the  apex  is  a  small  one.  the  vahv-closure  elevation  (Fig. 
I.  K);  this  is  dtic  to  the  posittvc  wave,  which  is  produced  during  the  abrupt 
dosurc  nf  the  iiemilunnr  vnivia  al  the  foot  of  the  aorta  and  is  prtipagaied  with 
but  little  loss  of  force  into  the  cnritid  aner>'.  Close  to  this  elevation  and  visible 
only  in  curves  traced  with  a  minimum  of  friction  is  the  highest  elaaiicity- 
elevation.  which  is  small  (Fig.  jo,  11,  e|.  Further  down,  but  still  above  the 
midille  of  the  descending  limb,  m  the  dicrotic  elevation  (R),  which  is  usually 
larger  and  is  produced  by  the  n-ciil  "f  the  positive  wave  from  the  already  ctORcd 
semilunar  valvw.  Relatively,  that  ie.  in  cnmparison  with  the  remaining  portions 
iif  the  cun'e,  the  dicmiic  elevatum  is  slight,  in  contenupnce  of  the  high  tension 
prevailing  in  the  carotid  arten-.  After  the  dicrotic  etcvation  has  been  fomned. 
the  desL-ending  limb  (alls  at  an\  abruptly  to  about  the  upper  third  and  from 
this  poiTit.  in  well-traced  curves,  the  writinj:  lever  in  i»  downward  movement 
usually  traces  two  more  small  elevations,  the  upper  of  which  is  an  elasticity* 
elevation,  while  the  lower,  which  under  favorable  cunditioiis  aupeam  much  larger 
(Fig.  50,  III.  Ri).  re^'resvnta  the  second  dicrotic  clcvatiun.  Wc  have  here  a  iroc 
tricrotistn,  which  ie  the  more  readily  rvcnfde<l  in  the  earotid,  l>e<:uuse  that 
artery  is  shorter  than  the  arteries  ol  the  extremities 

SPHYGMOGRAPHIC  TRACCTG  FROM  THE  AXILLARY  ARTERY. 
(Fir.  50,  IV.) 
The  ascending  limb  of  the  cur%"e  is  exceedingly  steep.  Not  far  from  Ihe  apex 
there  is  a  small  valvc-ck-iture  elevation  (K\  not'unlike  that  seen  !n  the  carotid 
treeing.  Below  the  mxldk  is  found  the  dicrotic  elevation  (R).  which  is  fairly 
high,  higher  than  in  the  inrotid  tracing,  becaww  in  the  axillary  artery  the  reduc- 
tion in  arti-rial  tension  permits  of  a  greater  development  of  the  dicrotic  wave. 
Further  down,  between  the  apex  of  the  recoil -el  e  vat  1  on  and  the  foot  of  the  curve, 
two  or  three  smaller  elastieity'elovations  (e  v)  an-  seen. 

SPRVGHOGRAPHIC  TRACIKG  FROM  THE  RACUL  ARTERY. 

(Fig.  47:   Fig.  50.  V-X;  Fig.  5?,   k  and  H'.> 

The  ascending  limb  (Fig.  so,  \'>  is  ol  medium  height;  the  a^cmt  Is  moderately 
iibrupt  and  niKKeKtH  the  chape  of  Uie  letter  f.  The  apex  (Pi  is  usually  well  marked. 
Below  the  apex  there  appear,  when  the  tension  is  considerable,  tuo  (V.  c  e) .  when 
the  tension  is  slight,  only  one  elasticity -elevation  f\'l,  IX.  e).  There  then  foUowx 
at  sTiOut  the  middle  01  the  desccndrng  limb  the  recoil -elevation  (R).  which  is 
usually  well  marked.  This  is  the  more  distinct  and  the  better  i^ronnunced  the 
larger  the  tiuinbcr  "i  factors  present  that  favor  tlie  dc^'elo^>Inenl  of  the  sccondar>' 
wave.  It  is  »mallc5t  when  the  pulve  is  small  and  hard,  and  the  artery  is  greatly 
distended  (Fig.  50,  Vll.  R> ;  larger  when  the  tension  is  moderate;  greatest  in  the 
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(licrmic  pulM!-  In  the  Trntnintnu  portion  of  th«  deacmding  limb,  down  to  th« 
base  of  the  curve,  two  or  three  lesser  elevations  arr  cnoountcrod.  the  first  two 
b«inK  elasticity-clcvaiiona  (c  cl  and  ihc   lowest   appreciable  only  in  rare  cases 

"'^'l  prohnWy  indiailinj;  a  seomd  recoil-wavi".  Tht  »[ihy(rin"Kr:iiJhic  cur^'c  ot  ihf 
cnial  artery  at  the  hend  of  tlie  elbow  is  somewhnt  larger,  but  docs  not  differ 

'  niatenally  trvm  the  radial  curve. 

SPRYOHOGRAPmC  TRACIHO  FROM  THE  FEMORAL  ARTERY. 

(Fir.  so.  XI,  XH  ) 
ThcAKCndios  hmb  issu-epand  high;  on  the  npex  of  the  curve,  which  is  quite 
frequently  somewnat  ilat  and  hruad.  there  13  recorded  the  cloaure  of  the  semilunar 
valves  (Kt.  From  lliut  point  the  curve  falls  in  un  ubrupt  nianiivr  to  abvut  the 
lower  third  The  recvil -elevation  (K)  appears  lot";  after  the  beginning  of  the 
curve,  and  bcvond  thiit  point  the  etirve  is  intorrupt«d  in  both  its  Ascending 
and  Its  d<.ie«ndin)c  portion  by  omall  ela<li  city -elevations  (e  «). 

SPHYGMOCRAPHIC  TRACIHGS  FROM  THE  DORSALIS  PEDIS  ARTERY  AND 
FROM   THE  POSTERIOR  TIBIAL  ARTERY. 

(Fig.  50,  XIV.  XV.)     (Pig.  so.  Xm.  and  Fig.  53) 
In  the  &phygnv>gntphic  tracing  from  thc^  dorsalis  pedis  artery  the  signs  indi> 

eating   lJ)e    np-eal  distaiiee  fruin  the  wave -producing  apparatus  (the  heart)    are 

obvious.      Thus,    the    ascending  limb   of   the    curve 

exhibits  a  t'r^dual  ascent  and  i«  low.  while  the  ri*. 

cfnl-«levation   takes  place  lat«.     In  the  descending 

limb    two    elasticity- i-levntionK   are    fiiund    kd   neiir 

the  apex   [.fi^.  30.  e  e,)   thai  the  upper  one  usually 

occupws  »  point  close  to  the  latter.     Tlie  elasticiiy- 

elvvBtions    m  the  lower  portion   of    the  ilescemliiig 

limb  are.  as  a  rule,  poorly  dcvckiped      The  tracing 

from   the   ponteriin-  tibial    artery  in   m.-iuy  respects 

renemblcH    the    preceding,  especially  with  regard  to 

thjc  limc-relattrina.  fi,.. 

The  tracing  shown  in  Fig.  ,;.{  was  taken  from  a 

medical  student.  whoK  height  was  189  cm.,  with  the 

aid    of    the  an^i(>j,'Ta j>h .    a    moderate    weight    being 

used  and  the  trricing    being    recorded   on  a  tablet 

attached  to  a  vibrating  tuning-fork. 


11.— T  ran™  irom  0»e  Bm- 

irrjnr  Ttljjaj  Anrr^,  K<ccjtJM 
•in  ibrTiMn  Ai-ultci  lot  Vi- 

til  IdQiluu'  j\ti|tiucni)>ti. 


B);     measurement 
it  is  found  that 


One  vihraliim  is 
equivak-nt  to 
a.ci^i )  eecund 


'  -  0,15,1  second 

I -"■*<)■' 
-0.98+ 


PU£nOM£nA  OF  ARACROTISM. 

.As  a  rale,  the  ascending  hmb  in  the  apbvgmogrnphic  tracing  presents  the 
sbapcof  the  letter  f.  with  arathernbrupl  rise  The  pulse-beat  throws  the  arterial 
wall  into  elattic  vibration,  as  has  been  explained,  the  number  of  vibrations  de- 
pending largely  ujxiii  the  degree  of  arterial  itfniunn. 

In  general  the  distention  of  the  arter>'.  or  the  tracing  of  the  ascending  limb 
of  the  curve,  winch  is  the  same  thing,  ig  completed  so  rapidly  that  the  lime  is 
«|iiivaleni  to  a  i^in^le  etaittic  vibratiim.  The  hing- drawn -out  f>shaned  figure  in 
practically  nothing  but  a  lonpdrawnout  clastic  vibration  VThcii,  nowever,  the 
lumber  of  elaatic  vibrations  is  small,  and  the  evolution  of  the  ascending  limb  of 
the  curve  is  relatively  prolonged,  tw"  lung -draw  a -out  hump-hkc  cur^■«  arc  some- 
tintiiMenin  the  ascending  limb  of  the  tracing  .\  condition  uf  this  kind,  however. 
isRin  to  be  regarded  a.s  normal.  (See  the  elevaiions  in  Fig,  ;o,  VIII,  at  t  and  1; 
•Bd  at  X  :  and  »)  If,  however,  a  number  of  clo«iy  set  elnstie  vibrations  arc 
ptoduced  toward  thi-  upptT  portion  of  the  ascending  limb  nf  tho  sphygmngraphie 
t™*'DK.  so  that  the  apex  appears  cut  off  obliquely  from  the  ascending  limb  and 
ndented,  there  resulit  the  phenomena  of  anacrotism  (Fig.  54,  a  a),  which,  like 
Uie  dicrotic  jiulie.  bebmg  in  the  domain  of  paiholog>'. 

Asacrutism  is  observed:  i.  When  the  time  occupied  by  the  inflow  of  blood 


1*8 


VUEMOUglfA    OF    ANACROTISM. 


iakmKcr  than  the  <hjrattoi)o(  the  clastic  vibnttioii,  for  txamblc  in  ciucaQj  dilatation 
•nd  h>'p*rtf«iphy  "f  ih«  left  ventricle.  This  u  itlu«trat«4i  in  Fig.  54,  A,  which 
ntprrMiiiM  ili«  railial  curv-o  from  a  patient  with  coTiiract<'d  kidm-y  I'oder  nich 
con'littuti*  the  ^tviii  iiuisii  ol  titood  proodtcd  with  tach  systole  requires  aa  ab- 
Honnully  1<mik  time  lu  dlcrt  ilisti-titinn  of  the  oln-aily  greatly  digtmided  arter>'. 

t.  Whcii  ttiu  ilist(.'ii^ibilily  of  the  arterial  tube  is  diminished,  a  quantity  of 
blooc],  vrhieti  111  it iw If  in  mit  iiicwr.isod.  will  require  a  longer  time  to  effect  distention 
of  the  walla  Sxicli  n  coii>Litton  is  ot>scrvL-tl  in  ulil  jnrrxuns  wbocw  arterial  walls 
have  iu:quir«d  great  ny;idity.  As  oild  tends  to  contract  the  arteries,  eo  that  they 
arc  mluccil  to  u  condition  of  dimini^hvd  dtJalensibditY .  it  ii  not  dillicult  to  undcr- 
■tand  that  tliv  |>uIm:  it  likely  to  OKSumo  th«  charttcU-r*  of  anacrotism  mtbixi  aa 
hour  nft^r  a  eoo|  bath  {Via-  54,  [>)■  Th«  carotid  yuliae  in  the  rabbit  bccooim 
anacrolk  after  irritation  ef  the  vasomotor  nerws. 

J.  ^Vhen,  on-ing  to  blood-MAsis  as  a  remit  of  rxtremc  r«iiirdiMion  of  the  blood- 
ctmvnt.  such  as  occurs  in  pamlyred  Umbs.  the  quantity  of  blood  injected  into 
the  Bnerial  s\-stenn  with  each  cvstole  is  incapable  of  clTrcting  normal  distention 
of  the  arterial  wall,  anacrotic  elevations  arc  seen  in  the  sphyKmographic  tracine 
(Fis.  54.  B) 

4.  whm.  after  lieation  of  an  artcr>'.  the  blood  can  enter  the  peripheral  segment 
tl)^>\l^b  t)io  rclniiN'cly  small  coUatcnd  circulation  ordy  within  a  comparatively- 
long  tune,  th«  distention   <M  the  arterial  coat  will  be  marked  by  several  clasti 
vibrations.     Wolll  mcceeded  in  producing  these  in  tracings  frocn  the  radial  arter 
tkOt  yet  fontuxng  distinct  anacrotic  characters  hv  applving  eompre«sion  abov 
the  bracolal  artery  and  thus  rctarrling  the  flow  oi  Mood  into  the  radial  artenfli 
Also  in  riiiinii  of  aurttc  ttenusas.  a  condition  in  which  the  Mood  can  cater  toe 
aruriet  but  dowtv  through  the  aorta,  anacrotism  has  Irvqucntljr  bean  ob«srv«d 
(Pi«.  S4.C). 
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In  ibc  samr  catectwr  belongs  afao  the  |Amo—w>rwi  of  the  sooBed  tmcmtrt^^ 
fmiit       Whca   the    radial  utesir  is  eatnmmtd  M  the  wrist,  the  jmlae  at 
napfieaiis  at  a  potnt  sttuatc<i  peopbcraMy  tram  tfat  site  cf  ctwywusioft.  1 
knaoBitted  by  the  arterul  pahnar  arises.     Tbe  tnKiu  boot  sacii  «  f^i^e 
Ubita  mM^WoOaax    and    tn    additioa    (as    >s    tvadtly  tmoenteod)    a    <' 
t«coil-«levwtioct,    ■•    wvfl    as    tnen    sninxmm    and   mm    diMliiw.t 
<li'«Uiona. 

5.  A  ijeeiiiiar  fosm  nf  maffirttrm  tt  ooaev^red  id  ^rttiflff^itii  "^ntn  oi^l 
of  aortic  tfuoAcsriKy.     Tbs  noit  cfcwacmiMlt.  tifn  of  tUs  Iccini  is  the  1 
■MaacT  of  ibe  Mosta^    liicri.  sA*  ealjr  wtt  w«wa  be  pni   . 

tty  the  Hovcsacutt  ak  tbe  seimige.  But  abo  tbe  ****'—  *>■■>  oi 
WW  CBase  a  wwe-fMKvmeM  in  tbe  wMiiralar 

■cb  tbr  MtalBMM  orifae  c<  the  rshirrrhr  _ 
Tbia  is  leBaaia  bv  tbe  tswa  bwIss  wa<«.  wbada  w 
linn  ■  by  «bt  ciiMrittiaB  «(  tbe  T^tncte. '  It  is  obvww  thM  aoi  onhr  is 
iHi«»  ywiiewJ  by  A>  tomametiam.  of  tbe  mm^eh  ismIWv,  bm  it  abo 

f5.  I.p»fa»t s  a  iibjMimi'lb  I  lisisaa  fa\9«a  tbe  ckk*s4  «f  ai 
h  aalwbiU  a*  abci^t  a«ead»n  taab.  cataatl  bv  tbe  fe<«e  <4  tb*  bri 
At  tbr  ac«t  (4  tW  e^rv*  tftsea  ■§!<■#  «Mte  ciiKiaihr  tw«  : 
.  tb*  aoe*  tmtbeaat  ef  s^acb.  bavwt 


m  aena  ojr  ue  bumxuoi 
bi  |HLitia|MMa  Hn  nvicss  1 
tbat  is  at  eaee  prapacatod 
WKtaaMd  its  bftbaa.    11 


Hn^LVEKCB   OP  tHB    RESPIRATORY   MOVBHBXTS. 

tilevelojrincni  than  ihe  wcond.     The  anterior  (A)  is   the  anacrotic  auricular 
IB,  tilt  atciJiiil  (V)  the  vcHtricuL'ir  wa*"e. 

F'S  55.  11.  ruprcscms  a  sphygmographic  tracing  from  ihc  snbclamn  artery 
^  _.  the  same  individual.  Ii  is  rccognbcd  at  once  by  tb«  peculiaricy  that  tbi- 
anacrotic  notch  (a)  nocnptca  apprtiximaltly  the  junction  of  inc  lower  and  middle 
thirds  of  thv  ascending  limb.  The  recoil- elevation  (R)  in  this  curve  also  is  rela- 
tively amall,  for  thi^  same  reason  as  in  the  earulid  curve.  Below  the  rccoil-eleva- 
tjoo  are  acen  feebly  developed  el  aaticuy -elevations 

Tracings  from'  the  fvmoral  artery  made  with  a  minimum  of  friction  on  the 
rpsrt  of  the  writing  Rtyhis  exhibit  an  indentation  {Fig.  SS.  HI.  al  immediately 
[preceding  the  a^endin'j;  limb  of  the  curve,  which  is  blurred  in  coano  curves  .^ 
feomparium  of  thii  iiideiitali<in  with  the  anacrotic  notch  at  the  lower  portion  of 
'  the  asccndinj;  limb  of  the  curve  from  the  Eubclavian  artery  (Fig.  I  '"l  will  convince 
the  observer  that  the  anacrotic  auricular  notch  must  be  sought  in  this  well-marked 
ckvation. 

It  shmild  be  mentioned  at  this  p«nnt  that  spbycmoKrnphic  traciass  from  cases 
of  aortic  insufliciency  arc  chsrsctcriced  farther  by  u>e  following  peculiarities: 


Fic   is — Ii  tit  '".  Cuna  FliklLlliiv  AnttfMit  Elnarlofi,  ^  id  AHodtltoa  villi  laHfirimcy  ct  IIm 

Aonk  \M]ta. 

I.  the  great  height  of  the  curve;  3,  thempid  fall  of  the  writing  lever  from  the  apex. 
Both  of  tbc«e  peculinritics  are  due  to  tlic  fact  that  a  large  quantity  of  blood  is 
thrown  into  the  arteries  by  the  enlat^d  and  hypcrt  rophied  ventricle,  a  considerable 
portion  of  which  flows  baick  into  the  ventricle  after  the  completion  of  the  systole. 
In  aeeoirdance  with  observattHtiB  t  .ind  i  the  pulse  is  therefurp  a  i]uick  one,  j.  A 
disttoct  notch  is  not  rarely  found  at  the  apex  represcniing  an  plastic  vibration  of 
the  greatly  distended  arterial  wall.  4.  In  tracint^  taken  from  case^  of  aortic 
innufficicrcy ,  as.  for  example,  in  that  Jthowri  in  Fiji  55.  I.  the  recoil -elevation  (R) 
is  moderate  as  compared  with  the  size  of  the  curve,  because,  owing  to  the  lesion 
of  the  aortic  valves,  the  pulse-wave  in  ita  recoil  docs  not  impinge  upon  a  suffi- 
ciently larjcc  surface.  When  the  de^tructiun  of  the  semilunar  valves  inconsiderable, 
the  rccod' elevation  mtut  be  produced  by  the  impact  of  the  recurrent  vr&vc  against 
Uw  opposite  veniricular  wall.  Below  the  recoil -elevation  the  eurvo  presents  two 
Of  thrM  faintly  marked  elasiicity-oseillations  (i.  3,  3)  The  enonnous  height  of 
the  entire  curve  i«  Kiilltciently  explained  by  the  maunve  column  of  blood  injected 
into  the  arterial  system  by  the  greatly  hyjCertrophied  and  dilated  ventricle. 

HTFLUEIfCE  OF  THE  RESPIRATORY  MOVEMENTS  ON  SPHYG- 
MOGRAPHIC TRACINGS. 

Tlie  rcspiralofj"  movements  exert  a  distinct  influence  on  the  move- 
ments of  the  ptilse  by  virtue  of  two  different  factors:  (1)  tlie  purely 
physical  diminution  of  arterial  pressure  that  accompanies  each  inspira- 
tion, and  the  increase  attendant  upon  each  expiration;  (i)  the  variations 
in  blocxl-prcssure.  due  to  excitation  of  the  vasomotor  nerve  centers, 
vbich  attend  the  respiratory  movements. 


153       INPLUENCBS  or   PRBSSURS  OK   SPHVCUOGRAPHIC   TRACINGS. 

RCtion  becomes  >Iowcr  and  ihc  blood-pressure  is  raited.  Exposure  to  rarefied  air 
hos  ihe  opposite  «0«ct  as  tbc  sign  01  Jiiiiini»h«'d  tension  in  the  arterial  system; 
but  onlv  wnen  as  a  result  the  breathing  is  enfeebled  and  the  duJm  i«  accelerated. 
Pftthologlcal. — In  the  jsrrscnce  of  adhcsiona  between  the  neart  and  the  larse 
bloOd-veucls.  on  the  one  hard,  and  the  iturroiindtnd  structures  on  the  other,  tne 


bia.  jl.— PandootcKl  Pulw  itSttt  Ka 
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pulfrc  may  be  iiiucb  diminished  in  stzc  and  otherwise  altered  during  inspiratioii, ' 
or  it    may  even   disappear  altogether.     Thiii  pheaoracnon  has  bcoi  culed  the 
paradoxical  pulse,     tt  la  due  to  nattening  of  the  subclavian  anery  in  eonsequeoce 
of  ■•-Icvittinii  of  the  first  rib.     Varieties  of  this  pulse  can  be  produced  also  in  btaltby 
indivitluals  by  volunlar}*  alteration  of  the  breathing  during  inspiration. 

THE   INFLUENCES    OF   PRESSURE   ON   THE   SHAPE  OF   SPHYG- 
HOGRAPHIC  TRACINGS. 

Thv  changes  induced  in  Ihc  movciaait  of  the  pulse  by  increasing  the  pressure 
upon  it  affi-cl  both  the  lUiapc  of  the  spltyginographic  curves  and  their  time-rela- 
tions. Fig  59  ibons  at  a,  b.  c,  d  and  e  a  aeries  of  radial  curves;  a  waa  taken 
with  a  minimal  pressure  and  the  remainder  with  a  pressure  of  leo,  }»o,  ito 
and  450  graiTiR  rcepeakivclv.  The  cur\-ps  A  and  B.  on  the  other  hand,  show  the 
timen-IaiiLitit  ol  cur\'e«  talcen  when  the  pressure  was  progressively  increased.  A. 
study  of  these  curves  yields  the  following  results: 

IlliP 

^^^^  tnn  ano  "''' 


I'll,   ^d.— ^  ar.tliiiai  id  4hc  ^thaiiic  al  bptinxx^mdlk  Cut*r%  Plodurad  tqr  IntmuiDf  ite  PrnMT*. 

t.  With  a  snuUl  loud  the  recoil -elevation  is  relatively  indistinct;  tbc  entire 
curve  appears  high. 

I.  "ftith  a  modcmte  load,  about  from  to»  to  aee  grams,  the  recoil-elevation 
is  most  distinct:  the  entire  curve  appears  somewhat  smaller. 

2-  As  the  load  i::  increased,  the  height  of  the  lecott-elevatiotl  diminishes. 

4 .  The  ETnallrr  claslicity -oscillation  immediately  preceding  the  recoil -elevation 
nutnifesls  ilielf  only  when  the  load  becomes  cnnsiderablc  (fmin  100  to  300  Krams) . 

(,  The  iiuicl^ne'u  of  the  ]iiils<>  varies  as  the  load  is  increased,  the  time  require^ 
(or  tlic  dc\'c!cipmcnt  of  the  ascending  limb  being  ahurtened,  and  thai  required  tot 
the  descending  limb  prolonged, 

6.  The  height  of  the  entire  curve  ..-~,^^^^^^^^^^^^^_~ 

These  points  sufticicntly  cmphMtMj^H^^^^^^^^^^^^Hlt^J'^-'^'^  nf  «| 
registering  inatmment  intoecntiiae  "' 
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w«i{(bt  employed,  in  order  to  form  k  correct  tnterprctation  of  the  shape  of  the 
|j-u3ac-wavea. 

It  uppean  from  sm  examinatinn  of  the  radial  curves  A  and  B,  the  former  of 
whicdi  n-as  taken  with  a  weight  of  i»»  crams,  ftnd  the  latter  with  a  weix^t  of  tio 
graius,  from  the  same  individual  and  at  the  came  timc(  i  vibration  o.o  1 6i^  E^cond) , 
that  chanK^K  lu  the  load  may  produce  di>Ivren<:«s  also  in  the  ehronotogtcaf  dev«top- 
ment  of  the  uptivgOMgnm. 

Wbica  the  pressure  on  an  artery  i*  continued  for  a  considerable  period  o(  titne, 
tb«  force  of  the  pidse  ^adually  incrc^es.  If  the-  gn.-atsr  load  is  then  removed 
and  a  smaller  one  sub&iituted,  tne  sphygruograpbic  curve  not  infrequently  assumes 
the  form  of  a  dicnitic  inilM-.-wiivi;  and  tlie  n^cuil -elevation  becomex  di*iinct!y 
marked.  During  the  high  pressure  the  blood  is  forced  to  make  a  passage  for  itself 
by  dilating  ilic  collateral  vessels.  If,  then,  the  main  dumncl  is  again  thrown 
open,  the  entire  bed  of  the  stream,  of  couive,  nuddenly  becomen  much  wider.  In 
consvtmcQcc,  there  results  a  ercatcr  development  of  tlie  rcccil -elevation.  Tracing 
K  in  Fig.  49  rcpnrwnts  such  a  dicrotic  scries,  taken  after  the  application  of  a 
heavy  weight. 

VELOCITY  OF  PROPAGATION  OF  PULSE-WAVES. 

As  the  pul*c-w;)vc  jKiiUL-s  (rum  ih«  root  of  the  aorta  into  all  the  arteries  toward 
the  periphery,  the  piilse  is  felt  c.irlier  in  the  arteriea  nearer  the  heart  than  in  those 
at  a  greater  distance.  This  phenomenon  was  variously  confirmed  and  vartotuty 
disputed  until  £.  H.  Weber  determined  the  moycmcni  of  rapidity  of  tlie  pulse- 
wave  from  the  difference  in  time  of  the  puUe  in  the  external  muxiUary  arterv 
and  in  the  doriwilis  pcdin  artery  and  found  it  to  be  9,140  mc'tcrs  in  aiiccond.  Wita 
•Wh  CToat  velocity  of  the  pulse-wave,  sayfi  this  in vtsti gator,  it  cannot  be  regarded 
M  a  short  wave  traveling  along  the  arteries,  but  so  long  that  a  single  pulse-wave 
cannot  find  room  in  the  entire  distance  from  the  beginning  of  the  aorta  co  the 
artery  of  the  big  toe 

PROPAGATION  OF  PULSE-WAVES  IK  RUBBER  TUBES. 

As  it  is  possible  by  the  intermittent  injection  of  water  into  rubber  tubes  to 
produce  waves  similar  to  those  produced  by  the  pulsr.  it  is  important  to  learn 
the  remits  that  have  been  obtained  from  a  study  of  tliis  undulator>'  movement. 
According  to  E.  H.  Weber,  the  propagation- velocity  of  Ihciic  waves  is  11.150 
oietcrs  in  one  second.  Positive  and  negative  waves  are  pmpaiiated  with  eciunJ 
velocity  and  the  velocity  of  the  waves  is  the  same  whether  tiicy  haw  been  pro- 
doced  slowly  or  rapidly, 

7.  According  to  Donders,  the  velocity  of  the  waves  ts  directly  proportional 
to  the  coefficient  of  elasticity  of  the  walls  of  the  tubes.  It  is  proportional  to  the 
square  root  of  the  coefficient  of  elasticity  of  the  walls  of  the  tubes,  with  the  same 
lateral  pressure 

3.  The  velocity  of  the  waves  increases  with  ih«  thickiiVME  of  the  walls:  it  is 
projwrtional  to  the  square  root  of  the  thickness  of  the  walls,  with  the  same  lateral 
pressure. 

4-  The  velocity  is  inversely  proportional  to  the  square  root  of  the  diameter 
oi  the  tubes,  the  prcmure  remaining  constant. 

5,  According  to  Marcy.  the  velocity  diminishes  as  the  specific  gravity  of  the 
lliua  increases.  Ii  is  inversely  proportional  10  the  square  root  of  the  specific 
graviiy. 

EsptrimmtU  with  Rubiicr  Tubts. — In  determining  the  time-relations  Londois 
fmployed  the  following  mi-thotl  He  recorded  the  waves  by  means  of  the  angio- 
graph  on  a  recording  surface  attached  to  a  vibrating  tuning-fork  (I-ig  60).  Alter 
ncasuring  a  certain  distance  un  a  long  rubber  tube,  the  extremities  a  and  b  are 
placed  under  the  pad  of  the  sphygmograph.  B  is  a  compressible  bulb,  by  com- 
proBston  of  which  a  posiiivc  wave  is  thrown  into  the  tube,  Q  is  a  portable  mcrcu- 
r»l  manometer,  which  indicates  the  pressure  in  the  apparatus.  As  the  pulse- 
wave  fitit  piLues  Ihrougb  at  a  and  then  at  b,  two  etevations,  :  and  a.  are  recorded, 
uch  sraall  indentation  is  equivalent  to  o  0161^  second.  The  time- relations  can 
he  determined  by  simply  cotmting  thejie  indentations, 

P*^^iaUt>n -velocity  oj  Waler-wavti  attd  Msreury-wavts  withtu  Eiasiie  Tmms. — 
ndois  experiments,  puDlithed  in  187^.  yielded  a  propagation-velocity  of  11.S09 
•*»^u»  I  second,  with  an  internal  pressure  of  75milhmetersof  mercury. 


* 


* 
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instance,  du«  u>  calcification,  the  profiagation  of  the  pulsc-wavc  must  be  more 
rapid.  Local  dilaiation  of  ihc  arccries.  such,  for  example,  as  has  long  been 
kn^i^ii  in  the  form  oi  ancuiysnu,  cutue  a  retardAtion  u(  tht;  pul»«'Wa\'v ;  lucal  steno- 
sis has  a  sitnilur  cft«cl.  R«l.-ixAtion  of  the  v«s*el'WnlU  during  high  fever  retards 
thft  movement  of  th«  ptilw-wave. 

In  accordance  with  what  has  bwo  said  concerning  the  course  of  the  recoil- 
wavc.  its  time  of  appeanmoe  must  aIko  Im  nfltcted  )iy  tht-  diflferences  menUomed. 


utcry.  tiJcMi  u  iht  tame  iJina  vlth  v  li  P  -  tba  vsnirtciUv  coetraeliea  of  At  ttmr  imLvtiliul. 

It  must  appear  earlier  wheii  the  blood •oressure  is  raised,  anil  also  in  atheromatous 
than  in  h«lth>'  arteries:  but  Tdativeiy  late  in  the  elastic  arteries  of  the  child. 
The  latter  point  was  determined  by  Landois  by  memuriitKin,  While  in  a  man. 
^o  years  of  aje  and  t-ji  cm,  in  heivhtt  thi-  iipi-x  of  the  rcc oil-elevation  was  reached 
o.  j$7  second  after  the  bc^^nning  of  the  radial  curve.  L«ndois  found  that  the  apex 
in  a  girl,  8  years  old  and  loj  cm.  in  height,  occurred  at  the  end  of  0.387  second, 
cvidvntly  mdicatins  a  relative  delay. 

OTHER  PULSATORY  PHEKOMEHA. 

Oral  and  \^atat  Pnixt;  Tympanic  Pulu. — In  consequenco  of  the  pulsatory 
movenienl  in  th«  arteries  of  the  soft  tissues,  the  air  contained  within  the  oral 
and  nasal  cavities  is  also  set  into  pulsating  inuvement  n-hen  the  glottis  is  closed, 
and  which  can  l»c  irpsteied  with  the  aid  of  the  cardiopneumograph ,  The  tracing 
obiaincd  in  lliis  way.  and  which  must  closely  resemble  Uie  sphygmographjc 
tracings  from  the  carotid  artery,  arc  of  course  relatively  small,  hut  tlicy  can  be 
made  larger  by  incrcuing  the  force  of  the  heart.  This  pulse  may  be  considerabiy 
intcnsihcd  in  the  presence  of  pathological  enlargement  ol  the  heart,  ditatatioD 
of  the  left  ventricle  and  thielcening  of  its  walls.  If  a  ring  containing  a  soap- 
bubble  be  inserted  hermetically  between  the  lips,  the  light-reflex  in  the  bubble 
(seee  in  a  mirror)  nrproduces  almost  perfectly  the  oscillatinns  of  the  oral  pulse 
As  a  neult  of  the  systolic  swelling  of  the  vascular  soft  parts  in  the  tympanic  cavitv 
analogous  pulsation  may  be  observed  in  the  intact  drumhe;id,  or  possibly  in  small 
bubbles  of  froth  accidfntally  .tdherent  to  openinjTB  in  a  perforated  membr.tne. 

If  the  visual  field  be  darkrncd,  each  pulse-beat  during  violent  exertion  is  often 
accompanied  by  a  f>M/.^iii<'r^-iV/Mmi'rt(M(i^n.  Conversely,  if  the  visual  field  be  brightly 
illuminated,  a  carrenponding  otiscuraiion  of  the  field  mar  take  place.  Pulsation 
is  •omctimcs  observed  in  the  retinal  artencs  with  the  opnthalmoscope.  especially 
in  cases  of  aortic  insufhciency. 

The  orbieularii   f*alp^raru*t  muscle  under  simil."ir  conditions  conlraets  svn- 
ehrenously  with  the  pulse      This  contraction  appears  to  be  due  to  the  fact  that 
the  beat  of  the  pulse  exeilrs  the  sensorj*  m-rves  and  ledexly  cims<*i  n  c'li'-rjcion 
In  this  connection  attention  should  be  tailed  to  an  obseiv  '-he 

brothers  Edward  and  William  Wefier.  wbich  seen»  to  fie  In  ar^  it 

Tbey  found  that,  in  wnllcing.  the  pulse  and  the  M' 
Laodms  believed  that  this  phenomenon  may  be  e> 

pulK-beat  Ktimulalcs  tlw;  muscular  mass  of  tbe  tfaiv  -r. .-...-..    .:-  ,...,.- 

gradually  all  the  muscles  of  the  thigh  accotnroodati 
the  Mood-vessels  dilate  while  the  muscles  are  cofU 
the  venous  blood  is  aeceler.-ited.  the  cmiieidcnc^K 
tional  advantage  that  the  macs  of  blood  to  be  m^r 
pulse-beat,  is  thereby  better  enaUed  to  ponth' 


l6o  SCHBMATIC    REPRODUCTION  OF  THE    CtRCOtATION, 

Pbysicat  Exf4anatwn, — ^Thc  conditions  detiulect  may  be  illustrated  by  memns 
of  siinple  physical  rxpcrimcnts.  If  a  ri^d  tube  be  connected  viith  the  nozelc  of 
a  syringe,  every  movement  of  the  piston  will  he  Mlowcd  by  an  intermittent 
expulsion  o(  water,  which  will  LXirrespond  ia  time  exactly  to  the  movtnitnt  o( 
the  piston.  Thv  eflcct  vi  the  inti-rmittent  injection  ol  tluid  into  an  clastic  system 
of  tuhcs  it  h^'St  exemplified  in  a  tire-hfwwv  Here  the  air  contained  in  the  air- 
chamber — which  is  under  claBtic  tension — takes  the  place  of  the  elasticity  of  the 
tubes  themselves  in  the  circulator)'  apparatus  With  slow  intermittent  strokes 
ol  th«  pump,  the  stir-am  nt  water  is  intemiptcd ;  but  if  the  movemmtjs  of  the 
pump  are  more  frequent,  the  compressed  air  in  the  air-chamber  effects  a  continuous 
autflon'.  although  a  distinct  acceleration  of  the  stream  is  teen  in  correspondence 
with  each  stroke  of  the  ptirap. 

Londois  was  able  without  difficulty  to  demcnutrntc  that  the  particles  of  water 
in  an  clastic  tube  arc  Kt  in  motion  during  the  passage  of  the  cuircni  by  every 
pulsatile  wave,  in  ccriespondoncc  with  the  picture  preMnted  by  the  tiihycmo- 
graphic  tracing,  by  introaucing  in  the  course  of  a  long  elastic  tube,  in  which  both 
a  continuous  and  an  undulatory  movement  could  b«  produced  bj*  inK-rmitti^t 
pumping,  a  short  pasR  ttibo  containing  a  thread  passing  through  an  opening  In 
the  side  and  Doatuig  to  and  fro  in  the  stream.  Immediately  in  front  of  the 
thread  a  sphj'KmoKraijh  vfas  connected  with  the  tube.  Each  puli«e*bcat  caused  a 
synchronous  movmicni  of  the  sphygmograph  and  of  the  thread,  each  upn'ard 
stroke  of  Die  writing  lever  corn^onding  to  a  more  marked  oscillation  of  tlie 
thread  toward  the  jjurijjhery  (acceleration),  while  each  downward  stroke  wa» 
marked  by  a  slight  diminution  in  the  oscillatory  movement  (retardation). 

In  the  capillary  vessels  the  pulsatory  acceleration  of  the  current 
ceases  with  the  disappearance  of  the  pu]se-wa\*e.  The  two  movements 
are  gradually  extinguished  by  the  marked  resistance  encountered  by  the 
blood  in  the  capillary  system.  It  is  only  when  the  capillary  veseels 
are  greatly  dilated  and  the  pressure  in  the  arterial  system  increases  that 
both  pulse  and  pulsatory  acceleration  of  the  current  are  sometimes 
communicated  to  the  initial  portions  of  the  veins  through  the  capillaries. 
Such  conditions  are  observed  in  the  ve-ssels  of  the  salivar>'  glands  after 
stimulation  of  the  facial  nerve,  which  dilates  the  vasciUar  channels. 
After  constriction  of  the  fmger  with  an  elastic  band,  which  impedes  the 
return  flow  of  venous  blood,  and  causes  an  increase  in  the  arterial  pres- 
sure, with  dilatation  of  the  capillaries  of  the  finger,  the  s^'oUen  skin  is 
seen  to  become  intermittently  more  deeply  red  isochronously  with  the 
well-known  throbbing  sensation.     Tlus  is  the  capillary  pulse. 

Pathological. — ^The  capillar)'  pulse  is  found  somctiiuea  when  the  action  of  the 
left  ventricle  i*  greatly  increased,  for  example  m  ease«of  aortic  insuthciency  and 
of  exnphth.ilmic  goiter,  and  often  in  csuurs  at  jaundice 

SCHEMATIC  REPRODUCTION  OF  THE  CIRCULATION. 

The  airangoment  of  the  circulation  a«  described  permiu  a  reproduction 
physica]  means,  of  the  most  essential  conditions,  in  the  so-called  modfl  of  thgcir 
iattOM.    Weber's  model  wilt  be  briefly  described  here.     The  arterial  system  ■ 
the  somewhat  larger  venous  system  are  represented  by  port  ions  of  animal  InteatL 

(Tig.  64).  .  ,     ^ 

The  system  of  capillaries  between  the  two  is  formed  by  a  glass  tube  of  sufncient 
size,  the  lumen  of  which,  however,  is  occupied  by  a  piece  of  apon^.    A  thorti 
section  of  intestine  into  each  extremity  of  which  a  piece  of  glan  tube  is  tir" 
reprceento  the    heart.      The  glass  tube  directed  toward  the  artenal  trunV 
proridsd  with  the  necessary  valves,  which  are  reproduced  by  having  a^  pir 
of  small  intCfAine  project  beyond  the  edges  ctf  the  glsMS^   '  --'•—' 

margins  n-ith  three  threads.      Throngh  this  pitce 
only  in  the  direction  from  the  glass  tube   toward 
in  the  opposite  direction,  as  the  free  eiijt«  wotiM  tb<" 
the  lumen,      From  the  venous  side  a  similar  volvi 
of  a  separate  piece  of   tube,  is  inserted  into  the 
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the  lieai-t.  The  two  vaJvcs  open  in  Uic  same  direction.  The  entire  api^aratus 
ia  moderately  diatend«d  with  water  by  mtuis  of  &  funnel.  By  compressing  the 
hcait^piccc  the  contents  are  mode  to  flow  throu{;h  the  arterial  vaUt  into  the 
arurial  portion.  When  the  comprowoo-n  ceases,  the  contents  reium  front  the 
venous  portion  through  the  venous  valvo  into  the  heart.  By  means  of  this 
apparatus  the  blood  •current  becomes  cootinuouc  when  the  heart  is  com- 
pressed in   rapid    succesGion.   and   the  movement  of  the  pulw  can  be  demon- 


V^HOUt  Vah 


r,j.- 


fetj-iii  ^^iUm. 


li.iitl. 


AtUttiU  ^^iUi-l. 


Capdlartes. 
Fi«.  64.— Uodtt  ol  ifae  UmlibM  by  End  lUaricfc  W<bn. 

EtrBte<l.  Tlie  tatter  docs  not  extend  beyond  the  capiHar}'  region  because  the 
great  resistance  oJTered  by  the  many  pores  of  the  sponge  destroys  tlio  force 
of  the  pulse-wavci. 

More  complicated  model*  of  the  circulation,  which,  however,  do  not  essentially 
iUu8trat«  more  than  tliis  primitive  model  by  E.  H.  Weber,  havc  been  designed  by 
numerous  investigator*. 

CAPACITY  OF  THE  VENTRICLES. 

As  the  heart  creates  the  difference  in  pressure  necessar)'  for  the 
circulation  of  the  blood  by  throwing  a  delinite  quantity  o(  blood  into 
the  roots  of  the  two  lar^  arteries  even-  time  the  ventricles  are  emptied 
by  systolic  contraction,  it  is  desirable  to  determino  this  quantity  of 
blood. 

As  the  right  and  left  ventricles  roust  contract  simultaneously,  and 
as,  in  addition,  the  same  quajitity  of  blood  must  pass  through  the 
lesser  circulation  as  through  the  greater,  it  follows  that  the  capacity 
of  the  right  ventricle  must  be  equal  to  that  of  the  left.  It  must  he 
remembered,  however,  that  a  moderate  quantity  of  blood  always  remains 
in  the  ventricle,  .is  thisdoes  not  empty  itself  completely. even  at  the  height 
of  its  contraction. 

M4thodi.  —  i.  Thecapaettyof  the  ventricles  is  determined  dirrttly  W  filling  the 
chambers  ol  the  flaccid  heart  ftft<rr  death  with  a  coajnilnblc  materml  nrri  measuring 
the  coagulated  mass.  This  is  nn  uncertain  method,  because  the  pressure  in  the 
living  ventricles  (luring  their  diastole.  foUowiog  the  contriietion  of  the  auricles. 
IS  not  known, 

'»■  Jndirt^d  Eitimatton. — A.  W.  Vollonann,  in  iStio.  cstimaled  the  capacity  of 
the  left  vcntnclu  in  the  following  manner.  The  urt)a**si-ction  of  the  Eiorta  and 
the  vel(icity  o(  the  Idrod-ctirrmt  in  thi;  vesnel  arc  determined.  I'rom  these 
i*i!?*  quantity  of  lilood  thai  passes  through  the  aorta  in  a  unit  of  time  is  cal- 
™j«l«I.  As  ih«  total  quantity  of  blood  in  the  bodv  (jV  u£  the  body-wciRhtl  is 
"Jf?,"""- ">a  time  required  (or  the  poxfAge  of  this  qtmntity  through  the  aorta  can 
!im»,^  ■  ^^''''^"'"ed .  Finally,  if  the  number  of  fl\'stole'8  that  occur  durinff  the 
^  •  Ofctrculatinn  be  known,  the  quantity  o(  blood  for  each  systole  will  enrrerpfvnd 
^^ciyocity  of  ilie  ventricle.  On  the  basi*  of  numerous  uiiimal  cxprrimcnta 
^™»»  estimated  thr  vrntrinilar  cajMicity  to  be  equal  to  ()^  ot  the  bodv 
"*"  *^J-S  grams  for  a  man  w«i0img  jj  kikigTanu.  The  accuracy  of  this 
■**  *"avcs  much  to  be  desired,  because  the  vdocity  of  the  ciirrrnt  in 
h  according  to  C.  Ludwig  and  Dogicl  is  subject  to  considerable 
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Eontal  Bte«l  spring  (F),  which  anJculateft  bv  mMins  of  a  connecting  piece  {b) 
tbroutth  two  join t»  (J  0  with  «  writlng-lcver  in).     The  [>artsof  the  instnimcntarvi 
held  in  a  metallic  frame  {R  R).     In  order  to  determine  the  absolute  valuea  of 
variations  in  pressure  the  apparaina  must  ilrst  be  graduated  cmfnrically  by  com* 
parinK  it  witJi  n  mercurial  manometer. 

6.  IJUnfilt's  Man^riifUt  (Fig.  67)  is  a  amilar  instnuDcnl.    A  smaU  mciaUie, 
drum  (l^ig'  b;,  d>  is  intvrcalati-d  in  the  couiw  of  aa  artery  (c  c)  by  in««ss  of* 
tubes.     The  arum  is  covered  with  a  thin  rubber  membrane,  from  the  center  «S 
which  a  pfocew  (e)  projccu.     1'he  latter  is  supported  by  a  spring  (F),  to  which. 


^f 
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Via.  M^-Adolpb  Fldi'i  Fl*t.«priw  Krmograpb. 

at  some  convenient  point  that  can  be  varii^d  st  will  (v),  the  writingOever  is  at' ' 
tacbed.     The  whole  contrivance  is  attached  to  a  stationary  rod  (i  1)  by  meaiia] 
of  a  carrier  (T).     This  apparatus  a!«o,  like  the  preceding  one.  must  &ni  be  gradu- 1 
atcd  empirically*  in  order  to  determine  in  advance  the  lieicht  to  vbich  tbe  point 
Cs)   of  itxc  wTiting'lcvcr  gradually  rises  with  increasing  pressure  (from  o  to 
too  mm.  of  mercui>-). 

H^krthlc  also  constructed  a  torsion^manometer  according  to  the  plan  o(  Roy. 
the  pressure  being  measured  by  the  torsion  of  a  steel  spring. 

B,  In  man  the  blood-pressure  within  an  artery  can  be  measured  in  the  tim- 
plMt  manner  by  means  o(  a  graduntrd  sphygmograph.     The  weight  that  just 
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tjo.  if. — tlunUf'a  Kfiniicniiti. 


sofnces  to  arrest  the  movement  of  the  writing-lever  corresponds  to  the  tensioa 
of  the  vessel.  The  radial  artery  of  healthy  students  exnmii>ed  in  ibis  way  under 
Landois'  direction  and  loaded  for  a  distance  of  i  era.  exhibited  an  average  blood<^ 
pressure  of  5  no  grams. 

M'^nipffiric  MelhoJ. — v.  Basch  delermincd  the  blood-p** 
metric  methnd,   applyinf;  his  jpiiygmomanotneler  to  the  J>^ 
hoUow,  air-enntainirg  cushion  applied  to  the  artery  commnH 
barometer,  the  pointer  of  which  indicates  the  preamre. 
tndicat*d  by  the  latter  slighUy  exceeds  tbe  pnttan  tn 
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<om]>r««sed  and  pulsation  beyond  tfa«  point  of  eompnsmon  u  abolUbod.  to  the 
teittponl  mrury  the  pKsnire  u  from  So  to  tto  mm.  of  mefctiry. 

Both  of  the  foregoing  rnDthoJe  not  only  doTOonstra.te  the  blood-pre«*uM  within 
thf  artcriw,  but  the  pressure  exerted  by  the  cushion  must  excised  the  artorial 
pressure  to  n  degree  sul^cient  to  comprwa  the  empty  artery  (which  lo  itself  repre* 
aents  a  gitpinK  txiix).  As  coinpan-il  with  Ihc  blood -preswi re.  however,  the  resist- 
ance of  the  ancr>-  is  extremely  slight,  being  only  4  mm.  of  mercury,  oJtbough 
naturally  greater  in  cases  of  arteriosclerosis.  In  the  same  way  the  rcsistanoc 
offered  bv  the  soft  parts  superposed  upon  tfae  artery  munt  also  be  overcome  and 
in  individuals  of  firm  fiber  with  ftn  a.buDd«acc  ol  fat  this  resistance  is  not  incon- 
siderable In  this  way  v.  Bascb  found  in  adults  a  pressure  of  from  1x5  to  165 
mm.  of  mercury  in  the  radial  artery;  from  80  to  ito  mm.  in  the  aupertcial  tem- 
poral.    Pedem  thinks  it  is  lower,  namely  from  So  to  too  mm.  of  inercury. 

In  children  the  blood-pressure  increases  with  age,  size,  and  weight.  In  the 
superficial  temporal  it  was  found  to  be  97  mm.  between  a  and  j  years  of  age. 
and  113  mm.  of  mercury  between  ti  and  i^  yeant  of  ase.  The  blood-prehaure 
rises  immediately  after  exercise;  it  is  higher  in  the  recum1>cnt  than  in  the  sitting 
posture,  and  in  the  latter  tlian  in  the  erect  posture.  After  a  cold,  a«  well  aa  after 
a  hot,  batb  the  blood-prcMure  is  at  iirnt  raised  and  the  fiovr  of  urino  is  increased. 

Hurthle  employs  the  plcthysmograph  (Fig-  1}^  m  the  foltowine  manner  for 
measuring;  blood-preaeure.  Tho  gloiis  cylinder  communicates  with  a  mercurial 
manometer.  The  forearm.  Sr»t  rendered  b1oodle*s  by  firmly  bandaging  it.  is 
introduced  into  a  cylinder  containing  water  and  closed  in  hermetically.  When 
the  blood  is  atlownd  to  flow  frooly  into  the  arm,  the  fluid  in  the  cylinder  is  dis- 
placed and  enters  the  manometer.  The  blood  continues  to  flow  into  the  arm  until 
the  manomelhc  prescura  i»  equivalent  to  the  blood-pressure.  The  mean  pressure 
in  the  arm  is  sud  to  be  about  100  mm.  of  mercury.  Sphyxniomanometers  have 
been  constnictcd  by  Marey  and  Mosso  on  similar  pnnciples. 

THE  BLOOD-PRESSURE  IN  THE  ARTERIES. 

The  blood-pressure  in  the  arteries  is  quite  considerable,  varj'ing 
within  fairly  wide  limits.  In  the  larger  arteries  of  lar^  mammals  and 
probably  also  of  man  it  is  between  140  and  t6o  mm.  of  mercury. 

Examples: 


.\ortfto(  the  frog,  s3-jqmm.(V"oUanaBn). 

Brachial  artery  of  the  pike.  3 5 -84  mm. 
(VoUemann). 

Brachial  artery  in  man  (after  operation) 
II0-I3O  mm.  (Kaivrc);  fiertiaps  a 
little  too  low  on  account  of  the 
traumatism  and  the  disease. 


Carcitidof  the  hone,  16 1  mm.  (Poiseuille). 

313-114  mm.  (Volic- 

mann). 
"        doj.  151mm, {PoiseuilleJ. 
"  "    1^0-190  mm.   (Lud- 

wis>- 
"      goat,  118-135  mm.  (Volk- 
„  mann). 

,_        "  rabbit,  o«mm.  (VoUonann). 
"chicken, 88-171   mm.  (Volk- 
mann). 

..  in  paticnta  about  to  be  subjected  to  amputation  of  the  thigh  E.  .Mbcrt.  with 
™e  aw  of  8  manometer,  found  the  blood-pressure  in  the  anterior  tibial  artery  above 
JJj*  •Okie  to  be  between  too  and  160  mm.  of  mercury.     The  pulsatory  elevation 

Ccmghing  caused  an  increase  of 


"I  Ue  column  of  mercury  was  from  17  to  so  n 
"^ween  ao  and  33  mm,;  firm  liandaKini-  of 


.mm. 


laginx  of  the  healtliy  leg  an  increase  of   15 
■  Icn  the  leneth  of  the 


fivjf.ij'^f  ^*  •^'Icvatioii  of  the  body,  in  consequence  of  whirfi  the  length  of  t 
.  '^^'U  tic  column  of  blood  was  augmented,  an  increase  of  40  mm,  of  mercury. 


anj 


r/» 


/srceaure  in  the  oortaof  large  mammal*  is  estimated  to  b«  between  *oo 


Ji   mm.  ol  mercury.     In  general,  the  blood-pressure  is  lower  in  large  than 

Mtniali  because,  on  account  of  the  greater  length  of  the  blood -channels. 

^sistance  is  to  be  overcome.     In  exceedingly  young  and  exceedingly  old 

-  -"«  pwtsure  (5   lower  than  in  individuals  at  the  height.of  their  vital 

""**''*  *rtcria!  pressure  is  scarcely  one-half  as  great  as  in  the  naw- 
■'•-'■''•iis    pressure  is  greater.     Tfie  difference  between  the  arterial 
'^cMisre  in  r.,TitT\-'-i  was  found  to  be  scarcely  oae-halt  as  great 
imials. 
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Dimintsbcs 
Ax  Uie  facATi  'k  aclion  b«caTnes  feebler 

and  slowpr. 
In  anemic  individuals. 
After  profuse  hemonhnse  or  loos  from 

the  blood  in  some  othrr  way,  aa 

for  example,  by   profuac  sweating 

or  copious  diiirThea. 


Within  the  large  arteries  the  blood-pressurc  undergoes  relatively 
slight  diminution  toward  the  peripherj-,  because  the  tliflerences  in  the 
resistance  in  various  sections  of  the  large  tubes  are  inconsiderable. 
As  soon,  however,  as  the  arteries  undergo  frequent  division  and  their 
caliber  accordingly  becomes  greatly  diminished,  the  blood- pressure 
rapidly  diminishes,  because  the  propulsive  power  of  the  blood  is 
weakened  by  the  effort  to  overcome  the  increased  resistances  produced 
in  tliis  way. 

The  arterial  pressure  increases  directly  -with  the  quantity  of 
blood  present  in  the  arteries,  and  conversely.     The  pressure,  therefore. 

Increases 
[.  AsUiehean'sactionbecomeitxtronger 

and  more  rapid. 
t.  In  plethoric  individusls. 
3.  After   considerable   increase    in    tbc 
quantity  of  blood  by  the  direct  in- 
jection oE  blood,  and  also  after  cop- 
ious Ingestion  of  food. 

The  increase  and  decrease  in  blood-pressure  is  not  directly  proportional  to 
the  increase  and  decrease  in  the  auantity  of  blood.  By  virtue  of  their  muscular 
titers  the  btood-vesseU  possess  tne  faculty  of  adapting  chenuelves  within  fairly 
wide  limits  to  the  variable  volume  of  blood.  The  blood -pressure,  therefore,  docs 
not  nw  At  once  when  the  quantity  of  blood  is  moderately  increased.  The  cir- 
cumsranc''  that  fluid  rapidly  transudes  from  the  blood  into'thc  tissues  alK  aesictcj 
in  maintaining  a  constant  blood-pressure.  Moderate  venMcction,  in  the  dog  vp 
to  38  per  cent,  of  the  body-weight,  is  not  followed  by  any  noteworthy  diminution 
in  the  blood-pressure.  Alter  sUgbt  hemorrfaases  the  pressure  may  even  rise,  but 
the  removal  of  a  large  quantity  of  blood  ii  followed  by  a  cootiderable  fall  in  the 
blood- pressure,  and  the  loss  of  from  4  to  6  per  cent,  of  the  body-weifrht  reducn 
it  to  zero.  Increased  pressure  within  the  vessels  produced  by  ensroriceinent  tends  ' 
to  dilate  the  cutanmus  and  miiscnlar  vessels,  especially  th<^r  of  the  extremities, 
and  alTccts  tbc  arteries  in  tlic  viscera  but  Httlc  After  the  pressure  has  fallen,  the 
visceral  blood-vessels  rcluin  to  their  onginal  caliber  much  more  promptly  than 
do  the  cutaneous  and  muscular  blood -vtsscls. 

The  arterial  pressure  rises  as  the  capacity  of  the  arteries  is 
diminished,  and  conversely.  This  is  accomplished  by  contraction  or 
relaxation  of  the  unstriated  muscle-fibers  of  the  arterial  wall. 

The    pressure   within    a   certain    area   of  the  arterial  system  rises 
or  falls  accordingly  as  the  blood-vessels  in  neighboring  areas  undergo) 
contraction — or  even  become  impermeable  from  compression  or  ligation  j 
— or  dilatation.    The  application  of  heat  or  cold  to  a  circumscribed  portion  i 
of  the  body,  also  of  pre-wure  or  diminution  of  pressure  (the  latter  by] 
introducing  an  extremity  into  a  closed  space  containing  rarefied  air,  as, 
for  example,  Junod's  cupping  boot),  and  the  effect  of  stimtilation  or 
paralysis  of  certain  vasomotor  areas,  furnish  striking  proofs  of  the  cor* 
rectness  of  this  statement. 

The  respirator)'  movements  produce  regular  variations  in  the 
arterial  pressure,  loiovm  as  respiratory  pressure-variations — th« 
pressure  falling  with  each  deep  inspiration  and  rising  with  each  expira- 
tion. These  variations  arc  readily  explained  by  the  fact  that  at  each 
expiration  the  blood  in  the  aorta  is  subjected  to  the  increased  pressure! 
of  the  compressed  air  in  the  thorax,  while  with  each  inspiration  the  blood 
undergoes  a  diminution  in  pressure,  in  consequence  of  the  influence  of 
the  rarefaction  of  the  air  in  the  Itmgs,  on  the  aorta.  In  addition,  the  in- 
spiratory expansion  of  the  thorax  tends  to  draw  the  blood  from  the  vena 
cave  into  the  heart,  wliile  during  expiration  the  blood  stagnates,  and 
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tn  this  way  influences  the  blood-pressure.    The  changes  are  greatest 
in  the  arteries  nearest  the  thorax. 

The  respiratory  variations  in  blood-pr«ssure  are  in  part  dependent 
upon  changes  in  the  nervous  impulsfts  sent  out  by  the  vasomotor  center, 
which  coincide  with  the  respirator)"  movements,  and  by  virtue  of  whicli 
the  arteries  contract  and  thus  increase  the  arterial  pressure  {Traube- 
Hering's  pressure-variations).  Fig.  65  III  shows  a  respirator)-  curve 
(heav)'  line)  and  a  blood-pressure  curve  traced  at  the  same  time.  This 
figure  shows  that  at  the  instant  when  expiration  be^ns  (at  ex),  the 
blood -pressure  curve  rises  along  with  the  expiratorj'  pressure,  and,  con- 
vereel)?,  that  both  curves  fall  from  the  instant  that  inspiration  begins 
fat  in);  yet  the  blood-pressure  curve  begins  to  rise  a  little  earlier  (at  c) 
than  expiration  itself  has  begun,  that  is.  during  the  last  part  of  inspira- 
tion. This  is  due  to  the  contraction  of  the  arteries,  which  begins  a  little 
earlier  in  obedience  to  impiilses  sent  out  by  the  vasomotor  center.  The 
effect  of  the  arterial  contraction  is  reinforced  by  the  circumstance  that 
during  the  inspirator)'  stage  the  heart  is  more  completely  emptied  on 
account  of  the  increased  venous  flow.  The  respiratory  variations  in 
blood -pressure  arc  observed  also  during  artificial  respiration;  if  this  be 
suddenly  interrupted  (in  curarized  animals),  the  resulting  irritation  of 
the  medulla  oblongata  due  to  the  dyspnea  causes  a  considerable  rise  in 
the  blood-pressure. 

In  acoortlancc  with  the  depth  of  t)ic  rrspiration^  an<]  th?  corresponding  pres- 
sure-variations oi  the  air  within  the  thorax,  great  inequalities  are  observed  in  the 
renpiraiory  !liiciiiaiifm.-i.  This  m  evident  from  the  (act  that  in  man  during  quiet 
inspiration  ihc  diminution  of  pressure  in  the  trachea  is  equivalent  to  only  1  mm. 
of  mercury,  while  during  the  drepeat  pcwsJble  inspiration  (with  the  respiratory 
^uial  tightly  closed)  thr  dimination  is  57  mm.  Conversely,  quiet  expiration  in 
man  ts  attended  with  aa  increase  in  the  pressure  in  the  trachea  of  only  a  or  3 
nun.,  while  viKorous  contraction  of  the  uhdnininal  muscles  causes  an  increase  of 
87  mm.  of  mercurj-. 

Kronccker  and  Hcinriciua  attribute  the  variations  to  mechanical  causes, 
namely  to  the  compression  of  the  heart  that  accompanies  respiration  (because, 
occoroins  to  them.  rhythmiciU  injections  of  air  into  the  pericardium,  whwh  com- 
press  the  heart,  also  give  rise  to  analogous  variations  m  blood-prcsturv).  Any 
mtwfereoce  with  the  diastole  of  the  heart  loivers  the  blood-pressure:  as  soon, 
therefore,  as  the  lung  has  bees  distended  during  irtupirutitin  sufQciently  to  displace 
the  heart,  diastole  is  interfered  with  and  the  tension  in  the  aortic  system  is  in 
consequence  lowered.  As  soon  as  the  air  can  escape  from  the  lungs  and  these 
organs  contract,  a  greatct  quantity  of  blood  enters  the  heart,  and  tlie  arterial 
pressure  rises. 

The  movements  of  the  pulse  cause  intermittent  variations  in  the 
mean  arterial  pressure,  the  so-called  pulsatory  pressure'Varialions.  The 
column  of  blood  injected  into  the  aortic  system  by  the  ventricle  at  each 
systole,  acting  in  conjunction  with  the  positive  wave,  produces  an  in- 
crease of  pressure  in  the  arterial  system  corresponding  to  this  positive 
wave.  The  increase  in  pressure  finds  corresponding  expression  in  the 
various  elevations  of  the  sphygmogram ;  it  also  travels  along  the  arteries 
with  the  same  velocity  as  the  pulse-waves. 

In  the  larger  arteries  of  the  hone  Volltmann  found  the  pulsatory  increase  of 
pressure  to  bo  ■^.  and  in  the  doe  ^w  of  the  total  pressure.  Hdrthle.  with  tb«  aid 
of  lits  hemodynamometer.  found  tJiat  the  pulsatory  increase  of  presmie  in  the 
rabbit  was  equal  to  almost  one-third  of  the  pressure  durin;  the  interval  between 
pulse-beats. 

None  of  the  pressure-recording  instruments  described  shows  the  form  of  these 
pressore-vxriatioas  with  sufficient  accuracy;  most  of  them  merely  record  elevations 
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heairt  ceaKi  as  soon  m  tb«  thoracic  «avity  U  opened,  t>ec«u««  the  clastic  traction 
of  th«  lungs  is  abolished  and  the  right  heart  itMif  is  exfKieed  to  th«  full  prestiire  of 
the  iir. 

The  pressure  was  found  to  he  in  the  dog  39  6.  in  the  CAt  17.6.  aiid  in  the 
rabbit  IS  mtn.  of  mrrcury  (■□  the  dog  t  times,  rabbit  4  times,  and  in  the  cat  5 
times  less  than  the  pressure  in  the  carotid). 

Paivre  and  Chauveau.  in  1S56.  introduced  a  catbeter  into  the  riirht  ventiiele 
throuK^  1^^  jugular  vein  and  connected  it  with  a  manometer. 

Knoll  reached  the  pulmon&ry  artery  through  the  anterior  raodiastinum,  with- 
out opening  the  pleural  cavities,  and  introduced  «  cannula  laterally  into  the  trunk 
of  the  ves»cl  By  thi^  method  he  was  able  to  observe  the  pressure  in  the  artery 
during  spontaneous  brcitthing  without  restricting  the  lesser  circulation  and  ivith- 
out  displacing  the  heart.  He  thus  found  a  mean  pressure  of  it.i  mm.  of  mercury 
in  the  rabbit. 

Indinct  estimaiion  can  be  made  by  comparing  oith<rr  the  muscular  waits  of 
the  right  with  those  of  the  left  ventricle,  or  the  thickness  of  the  walls  of  the  pul- 
monary artery  and  of  the  aorta,  for  it  must  he  assumed  that  there  is  a  de&iitc 
rdation  between  the  thickness  of  the  walls  and  the  pressure  within  the  vesnds. 

Bcutncr  and  Marey  estimate  the  relation  of  the  pu!monar>*  pressure 
to  the  aortic  pressure  as  1:3:  GoUzand  Gaule,  as  2:5.  Fickand  Badoud. 
in  the  dog,  found  the  pressure  in  the  pulmonary  artery  to  be  60  mm., 
and  in  the  carotid  itt  mm.  of  mcrcur>'.  According  to  Knoll  the  ptil- 
monar>'  pressure  in  the  rabbit  is  6.8  times  less  than  the  pressure  in  the 
carotid.  In  a  child  the  pressure  in  the  pulmonary  artery  is  relatively 
greater  than  in  the  adult. 

The  pulmonary  pressure  exhibits  certain  rhythmical  variaUons  due  to  varia- 
tions ia  the  tone  of  the  heart's  action.  Wlicn  the  air-prcasurc  in  the  lung  falls, 
the  pressure  in  the  lesser  circulation,  also  falls,  and  conversely. 

Yhe  expansion  of  the  luneE  ui  ihc  thoracic  cavity  is  maintained  by  the  nega- 
titfe  pressure  on  their  outer  pleural  surface.  When  the  glottis  is  open,  the  inner 
surface  of  the  lungs  and  the  walls  of  the  alveolar  capillaries  traversing  the  hugs 
are  expos4>d  to  the  fiill  pressure  of  the  air.  The  heart  and  the  large  voseular 
trunks  of  the  thorax,  however,  are  subject  not  to  Che  full  pressure  of  the  air.  but 
to  the  presmnc  of  the  sir  minus  the  pressure  eorrecponding  to  the  elastic  traction 
of  the  lungs.  The  trunks  of  the  pulmonary  artery  and  veins  are  accordingly 
subject  to  the  same  pTcssure-coiidilions.  The  elastic  traction  of  the  lungs  is 
proportional  to  the  dejrree  of  expansion  of  the  lung*,  The  blood  in  the  pul- 
monary captUorica  wQl  thus  ba'%'c  a  tendency  to  flow  from  these  capillaries  into 
the  large  vascular  trunks.  As  the  etaUic  traction  of  the  lungs  affects  chicHy  the 
more  delicate  pulmonan'  veins,  and  ua  resurgitation  of  the  blood  is  prevented  by 
the  semilunar  valvfs  01  the  pulmonary  nrterv,  as  well  as  by  the  contraction  of 
the  right  veotricle.  it  follows  from  these  pressure-conditions  that  the  capillary 
blood  in  the  lesser  circulation  is  dmined  into  the  pulmonnrj-  veins. 

Thin-walled  tubes  embedded  within  the  Bubuttincc  of'ihe  walls  of  an  elastic, 
distensible  sac  sufTer  a  modihcation  of  their  lumen,  in  accordance  with  the  manner 
in  which  the  sac  is  distended:  for,  if  the  sac  i.t  directly  inHated  so  that  the  air- 
pressure  in  its  interior  increases,  tlie  lumen  of  the  tubes  is  diminished;  if.  however, 
the  eac  is  distended  by  rareh'ing  the  air  in  the  closed  space  surrounding  it.  the 
tubes  embedded  in  the  wnll  dilate.  When  the  distention  is  brought  about  in  the 
latter  way,  namely  by  the  negative  pressure  of  aspiration,  the  Wo  pulmonajy 
sacs  witlun  the  thoracic  cavity  arc  maintained  in  a  state  of  distention:  tbereforft 
th«  vessels  of  air-containing  liing  are  more  dilated  than  the  vessels  of  collapsed 
lunf.  Consequently,  more  blood  flews  through  the  lungs  when  they  are  distended 
within  the  thorax  thiut  when  they  are  collapsed  Inspiratory  distention  has  a 
similar  effect  and  increases  the  flow  of  blood.  The  negative  pressure  prevailing 
in  the  lungs  during  inspiration  caoaet  a  considerable  dilatation  particularly  of 
the  pulmonary  veins,  into  which  vesaels.  therefore,  the  pulmonary  blood  readily 
Oows;  whereas  the  blond  of  the  pulmonary  artery,  flowmg  through  t hick- walled . 
trunks  under  high  pressure,  underjcoes  scarcely  any  alteration.  The  velocity  of. 
the  Wood  ia  the  pulmonary  vessels  is.  therefore,  increased  dttrine  inspiration. 

The  blood-pressure  in  the  lesser  circulation  ia  higher  alao  when  the  lungs  are 
in  a  state  of  dutention.    Contraction  of  the  vesseb.  which  cawe*  an  increase  -* 
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pleasure  in  tb«  ercAter  circulklion.  lias  tlie  same  cScct  in  the  lesser  circulatiou 
because  more  blood  flows  into  the  right  bcvt.  Ilie  vessels  o£  the  IcsMr  circulation 
arc  exceedingly  clastic  unci  their  tonicity  is  slight;  hence  imp^naeabitit/  even  of 
large  pulmonary  branch^  is  r«a<Uly  comp'ensated  (or. 

Forcible  contraction  oi  the  aodominaJ  muscles  (3traiiiinS>  causes  at  6m  a 
tnaiked  tncroasa  in  the  llow  of  lilood  from  thcjmlmoinary  veins,  which,  however, 
gradually  cesses,  because  the  blood  finds  difhcukv  in  c-ntering  tb«  pulmoitaiy 
vends.  When  the  abdomen  is  rel^Jied.  the  blooa  again  enters  the  pulmonary 
ve&scls  in  large  quantities. 

Nmcworthy  in  this  connection  arc  the  experiment*  of  Sevcrini,  who  found 
that  the  flow  ot  blood  througli  the  pulmonary  vessels  is  frcci  and  more  rapid  when 
the  lungs  are  hlled  with  air  rich  in  curbon  dio»d,  than  with  air  coutuiiiinK  a  larger 
percentage  of  oxygen,  He  believes  that  these  gases  at!e«t  the  vaiculftr  ganglia. 
la  the  lesser  circulation  that  control  the  siw  of  the  vessels. 

According  to  Morel,  electrical  and  mecbanieal  stimulation  of  the  abdominal 
organs  causes  a  considerable  increase  of  the  btood-pressure  in  the  pu1monaT>- 
artery  (dog).  According  to  v.  Dasch,  increase  of  blood-prevmre  in  the  capillaries 
of  the  lungs  produces  greater  rigidity  and.  therefore,  diiainisbcd  elasticity  of  the 
alveolar  wmIIn. 

Pathologicat. — The  pressure  in  the  pulmonary  suku  is  incrciised  in  man  in 
connection  with  many  morbid  disturbances  of  tbc  circulation  and  always  produces 
accentuation  of  the  second  pulmonic  sound,  which  is  such  an  important  pathogno- 
monic sign.  It  also  causes  an  iiKreasc  in  size  and  an  earlier  appearance  of  the 
corresponding  elevation  in  the  apex-beat  curve.  But  little  has  heen  determined 
with  regard  to  the  effect  of  pnysiological  conditions;  temporary  suspension  of 
breathing  is  said  always  to  be  followed  by  an  increase  ta  pressure.  The  inlla- 
ence  of  the  vasomotor  nerves  on  ihe  vessels  of  the  leaser  circulation  is  not  so 
^«at  as  that  upon  those  oI  the  greater  circulation.  Influences  that  cause  a 
rise  or  a  fall  in  the  blood-pressure  in  the  greater  circulation  through  the  agency 
of  the  vasomotor  or  vasodilator  nerves  have  no  effe«t  whatever  on  the  pressure 
in  the  lesser  circulation.  Plethora  of  the  pulmonar>'  capillaries  is  followed  by 
enlargement  of  the  lungs,  with  more  complete  distention  of  the  alveoli.  The 
causes  may  be  a  diminished  llow  from  the  pulmonary  veins  or  disturbances  in  the 
left  heart.     The  development  of  pulmonary  edema  is  discussed  on  p.  314. 

MEASDREMEHT  OF   THE  VELOCITY  OF  THE  BLOOD-CORRElfT. 

Tbc  following  instruments  are  used  for  dcterminLng  the  velocity  of  the  blood- 
current  in  the  vessels; 

I.  Alfred  Wtihelm  Voikmann's  kftnodromom^fr  measures  directly  Uie  progre^c 
of  the  blood-column  through  a  glass  tube  in  a  blood-vessel - 

A  glass  tube  shaped  like  a  hairpin,  ixo  cm.  long  and  a  or  3  mm.  wide  and 
mounted  on  a  scale  (Pig.  6S.  A) .  ia  fastened  to  a  metallic  basal  piece  (B)  in  such 
a  miuincr  that  each  limb  pas.'tes  to  a  stopcock  perforated  all  the  way  iliTntigh 
in  one  dirrction  and  halfway  through  in  the  other.  The  basal  piece  is  perforated 
lengthwise  and  tlie  two  extremities  are  provided  with  short  cannuloc  (c  c). 
wluch  arc  tied  into  the  two  ends  of  the  divided  blood-vessel.  The  entire 
apparatus  is  next  filled  with  a  0-6  per  cent.  s<^di\im-chlori<1  solution.  The  stop- 
cocks, which  are  provided  with  an  arrangement  of  cogs  so  that  they  always  turn 
together,  are  first  placed  as  shown  in  Fig.  I:  the  blood  then  simply  &owslength- 
wise  through  the  basal  piece;  that  is,  in  the  same  straight  directtonas  the  artery. 
If  at  a  Ktven  moment  the  stopcocks  are  turned  as  shown  in  Fig.  68.  11.  the  blood 
tt  forced  to  flow  through  the  longer  channel  represented  bv  the  glass  tube.  The 
wood  will  be  seen  pushing  the  paler  column  of  water  before  it  and  the  instant 
should  be  noted  at  which  it  reaches  the  extremity  of  the  limb  of  the  tube  The 
J^gth  of  the  lube  being  known  and  the  time  occupied  by  the  blood  in  passing 
through  it  being  determined,  the  velocity  for  the  unit  of  time  and  the  unit  of  length 
01  the  course  is  readily  obtained. 

Volkmann  found  the  velocity  of  llic  current  iii  the  carotid  of  the  dog 
to  be  between  305  and  3 S7  cani-:  in  the  carotid  of  the  Iiorae,  306;  in  the 
-•acjal  of  the  horae,  aja:  and  in  the  metatarsal  artery,  56  mm, 

"ttservation  occupies  only  a  few  seconds.     The  tube  is  narrower  than  tlie 
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13  in  the  ixMition  thown  in  the  figure,  fa  is  tied  in  the  central,  and  k  in  the  peripheral 
extreraityof  the  vessel  (for  example,  the  cmrotid).  The  bulb  A  b  filial  vilh  ml 
and  the  Dulb  G  with  dettbrinated  blood.  At  a  given  moment  the  bloud-cuircnt 
U  permitted  to  enter  through  h;  tlic  oil  is  displaced  by  the  blood  and  puses  over 
into  B,  while  the  defibrinated  blood  flows  out  irom  B  through  k  into  the  pf-ripheral 
portion  of  the  veasel.  As  soon  as  the  ml  rcAchcs  m.  the  time  i&  again  noted.and 
the  entirs  apparatus  A  B  is  turned  about  the  axis  x  y.  so  that  H  occupies  the  place 
01  A.  The  phenomenon  is  thus  repeated,  and  the  observation  may  often  be  oon- 
ttflued  for  some  tinte.  B)-  ob&erving  the  time  required  by  the  inpouring  blood 
to  fill  one  of  the  bulbs  the  quantity  for  each  unit  of  time  (second)  can  be  cal- 
culated. 

J.  Cari  VitTifrdt's  hemtHaektmrltr  measures  the  velocity  of  the  blood-cur- 
rent  by  means  of  a  device  modeled  after  Eitclwein's  velocity-quadrant,  which 
ia  eoDStructed  on  the  principle  that  a  pendulum  suspended  in  a.  moving  fluid  is 
deflected  by  the  current  in  proportion  to  the  velocity. 

The  apparatus  consists  of  a  small  metallic  box  {Fig,  65.  I.  A>  with  paral]<>l 
glass  sides  and  provided  at  the  narrow  extremities  with  two  cannula  (e.  a)  for  the 
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entrance  and  exit  of  the  blood.  Within  the  box,  opposite  the  entering  blood- 
current,  hangs  a  small  pendulum  (p),  the  osdIlaLions  <A  which  are  read  oH  on  a 
curvilinear  licale  and  which  incrca^  with  the  velocity  of  ^e  current.  Before 
making  an  observation,  water  is  allowed  to  flow  through  the  instrument  for  the 
purpose  of  determining  the  velocity  of  the  fluid  that  corresponrU  to  eadi  degree 
of  deviation  of  the  pendulum. 

4.  fioHVMM'x  and  L^rtel's  droinograph  is  constructed  on  the  same  principle. 
and  is  in  addition  provided  with  a  recording  con  Irivtuice. 

A  tufficiently  wide  tube  (Fij;.  69.  II,  A  B).  provided  with  a  lateral  tube  C. 
which  can  be  connected  with  a  manometer,  is  introduced  into  the  divided  artery 
(carotid  of  the  horse).  At  n  there  is  a  small  linear  opening  closed  with  a  rubber 
plate  through  which  a  light  pendulum  a  b  projects  mto  the  lube.  The  pendulum 
IS  prolongea  upward  as  a  thin  indicator  (b).  which  makes  excursions  proportional 
to  the  velocity  of  the  current,  and  which  can  be  read  off  on  the  scale  S  S.  G  repre- 
KtnU  ft  haiHile  for  fixing  the  instrument,  The  apparatus  is  first  tested  with  water 
to  dBt«rm:r(;  the  excursions  corresponding  to  the  various  velocities.  As  the 
mdicating  pMidulum  is  exceedingly  light  it  records  the  slightest  changes  in  velocity. 
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The  vfliKitv-carvt  (Fig,  69,  III)  Js  Teeordcd  bjr  pemtittinB  gmoked  p<ap«r  to 
pus  tlowlj^  before  th«  tip  ot  the  indicator  m  Uie  dirvction  of  its  lon^  axis.  Tbe 
ftppamtus  is  of  value  because  it  irgisters  the  characteristic  variations  la  the  v-eloc- 
ityof  the  blood-currcntthat  accompany  each  beat  of  the  pulse.  The  dromograpliic 
curve  resembles  x  piilx-curvc,  and,  like  the  latter,  it  possesses  ft  primary  (P),  u 
well  as  a.  secondury.  recoil -cIcvatioD  (R). 

$•  Cybtttski's  f^tohemotackamtUr  \b  constructed  on  the  principle  ol  Pitot's 
tube. 

When  fluid  flows  throuKh  a  tube  il  t  (Fig>  TO,  //)  in  the  direction  indic&ted  by 
the  arrowx,  the  c&lutnn  of  fluid  stunds  at  a  higher  level  in  the  mnnonietcrr  p  than  in 

the  manometer  »ii  While  m  y 
indicates  only  the  Uieral  pressure. 
f  X  indicates  the  lateral  pressure 
and  in  addition  the  velocity-height 
of  the  fluid.  The  velocity  of  the 
current  in  the  tulicmav  then  be  de- 
termined from  the  diSerence  in  the 
two  levels.  Fluid  may  be  per- 
mitted empirically  to  pass  through 
the  tube  ll  d  e  with  varj-ing  ve- 
locity and  the  difffrence  in  level 
l*ctn-een  the  two  tubes  p  w»  that 
corresponds  to  the  different  de- 
Krecs  of  velocity  at  the  current  be 
determined. 

The  form  of  Pitot's  tube  em- 
ployed by  Cybulski  is  Mimewhat 
difKient,  being  bent  at  a  right 
anzle  (/,  c  p).  The  extremity  c  a 
tied  into  the  central,  and  tbe  ex- 
tremity p  into  the  peripheral,  por- 
tion of  the  divided  artcn'.  when 
the  blood  is  allowed  to  flow  freely, 
the  fluid  rises  to  a  hii;her  level  in 
the  manometer  a.  which  lies  in  the 
direction  of  the  current,  than  in  h. 
tn  order  to  avoid  excc»ive 
length  in  the  manometers  a  and  b 
and  thus  to  r^^der  the  appanttuj 
practically  useful.  CybuUti  con- 
neeta  the  manometers  a  and  ft  by  a 
tube  shaped  like  a  hairpin,  which  is 
filled  with  air  and  can  i>e  cto&ed  by 
means  of  a  Ktopcock  (.-)  applied 
above  the  bcjid.  The  fluid  isallowed 
to  rise  to  the  poinia  1  and  t.  If 
the  stopcock  (O  is  then  closed,  tbe 
tube*  represent  an  atr-man«ineter 
in  which  tbe  dificrence  between  the 
levels  t  uad  a  is  sharply  defined. 
As  the  turfaces  of  the  columns 
of  fltiid  I  and  s  continually  alter  their  position  with  respiration  and  pulse-beat, 
that  is.  as  the  manometers  record  the  respiratory  and  pulsatory  variations  in  tbe 
velocity  of  the  fluid  passing  through  the  tube  c  p,  the  fluctuations  of  the  two 
levels  may  be  advantageously  photographed  with  a  camera  provided  with  a 
rapidly  moving  background.  K. 

Pig.  C  is  a  reproduction  of  the  curves  obtiuned  from  the  carotid  artery  of  the 
dog.  During  the  time  represented  by  the  interval  between  t,  and  t  the  velocity 
waa  tj8  mm.;  in  the  phas<:  between  3,aad9,33j  mm.;  and,  flnallv.  between  3,  ana 
3,  177  mm.  The  vHociiy  in  greatest  at  the  end  of  inspiration  ana  at  the  begmaing 
of  expiration.  Asphyxia  at  tirst  inereasec  the  velocity.  It  ta  tneraaaid  fay  panly- 
tis  of  the  sympathetic  and  becomes  smaller  when  the  nerve  is  Minulated.  Divi- 
sion of  tbo  vagus  increases  the  valoetty,  while  stimulation  of  the  nerve  naturally 
diminisbes  it. 
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THE  VELOCITY  OF  THE  CITRREWT  IN  THE  ARTERIES, 
CAPILLARIES,  AND  \'EINS. 

In  analyzing  the  results  of  observntion  on  the  velocity  of  the  blood 
it  must  be  constantly  borne  in  mind  that  the  sectionaJ  area  o£  the 
arterial  system  beginning  with  the  trunk  of  the  aorta  increases  pro- 
grcssiviily  by  subdivision  of  the  branches,  so  that  in  the  capillar)' 
system  the  sectional  area  of  the  blood-channel  is  increased  700-fold 
and  more.  From  this  point,  owing  to  the  reunion  of  the  venous  trunks, 
the  sectional  area  again  diminishes,  but  it  is  still  greater  than  at  the 
beginning  of  the  arterial  system. 

Exceptions  are  found  in  th«  common  iliac  ancrien.  which,  t^lcen  tosether. 
arc  narrower  than  the  trunk  of  the  aorta.  The  cross-section  of  the  four  pulmo- 
n»ry  veins,  taken  together,  is  also  somewhat  smaller  than  that  of  the  pulmonar)* 
artery. 

An  equal  quantity  of  hlood  must  pass  through  each  successive  trans- 
verse section  of  both  the  greater  and  the  lesser  circulation.  Therefore, 
the  same  quantity  of  blood  must  flow  through  the  aorta  and  the  pul- 
monary artery  in  spite  of  the  great  difierence  between  the  pressure  in 
the  two  vessels. 

The  velocity  of  the  blood -current  in  the  individual  transverse  sections 
of  the  blood-channel  must,  thus,  be  inversely  proportional  to  the 
lumen  or  their  sectional  area. 

Hence,  there  is  a  marked  progressive  diminution  in  the  velocity 
from  the  root  of  the  aorta  and  pu1raonar\'  arter)'  to  the  capillaries; 
so  that  in  mammals  it  is  only  o.S  mm.  a  second  (in  the  frog  0.53  mm.), 
and  in  man  from  0.6  to  0.9  mm.  According  to  A.  W.  Volkmann  the 
velocity  of  the  blood  in  mam^mals  is  500  times  less  in  the  capillaries 
than  in  the  aorta.  Therefore,  the  total  cross-section  of  all  the  capil- 
laries must  be  500  time.*;  greater  than  that  of  the  aorta.  In  the  small 
afferent  arteries  Dondcrs  foimd  that  the  velocity  was  still  10  times 
greater  than  in  the  capillary  vessels. 

In  the  venous  trunks  the  velocity  again  becomes  accelerated,  being, 
in  the  large  trunks,  from  0,5  to  0.75  tLmes  less  than  in  the  correspond- 
ing arteries. 

The  velocity  of  the  blood-current  does  not  depend  on  the  height  of 
the  mean  bloud-pressure.  and  it  may  accordingly  remain  the  same  both 
in  anemic  and  in  plethoric  vessels. 

On  the  other  hand,  the  velocity  in  a  given  section  of  the  circulation 
is  determined  by  the  difference  between  the  pressure  in  the  cross-section 
at  the  beginning  and  that  at  the  end  of  the  section.  It  will,  therefore, 
depend  on,  i,  the  vis  a  tergu  (heart's  action)  and.  2,  the  amount  of 
resistance  at  the  peripherj-  (dilatation  or  narrowing  of  the  smaller 
vessels)  to  the  arterial  curtcnt. 

In  accordance  with  the  slight  difTcrenee  in  pressure  in  the  arterial  And 
venous  eystems  in  th«  fetua  the  velocity  here  is  low. 

Id  the  arteries  every  pulse-beat  causes  an  acceleration  in  the  move- 
ment of  the  current  (as  well  as  an  increase  in  the  blood -pressure)  corre- 
sponding to  the  form  of  the  pulse-curve.  In  large  vascular  trunks 
C .  Vierordt  found  the  pulsatory  increase  of  velocity  to  be  from  J  to  i  of  the 
velocity  during  the  diastole.  These  pulsatory  variations  in  the  veloc- 
ity of  the  current  have  been  recorded  by  Chau\'eau  by  means  of  his 
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numerous  antmalu  die.  thus,  of  theinxelves.  cutise  disturbances  tn  the  cin^ulxtlon. 
It  was  therefore  luutustec!  thnt  the  experiment*  be  repeated  with  tt  sulMtance 
that  truly  is  chcmicully  indifTvfs-m.  or  pt-riiaps  with  the  microscopic  demonstra- 
tion (if  partidca  introduced  into  the  circulation  (such  as  heterogeneous  blood- 
corpUK'icH,  iiiilk-):lutiiilt.-3iir  i)i;;inei)t-£n>iiu]BS).  Aocordinttl)'.  L.  Hcniuum,  in  1884. 
selcutcd  the  innocuous  sodium  Icrrocyuiid.  Wolff  thus  found  the  duraXivm  of  the 
circulation  in  the  rabbit  lobe  5.  J  se«>nda,  and  it  is  therefore  probable  that  in  other 
animiiU  aUo  the  tinje  is  shorter  than  iha,t  given  by  Vierordt.  tandoia  injected 
tnamm.iltiin  bluod-eorou&cleit  into  the  lutenil  nbdonunal  vein  of  frogK  and  searched 
fur  Ihcm  micro^oiiicallj' un  the  ujtpuMte  side.  In  this  way  he  found  tbctitne  from 
7  to  II  iitconds.  V.  Kries  has  recently  expressed  some  doubt  as  to  the  general 
appliciibility  of  the  method  even  from  a  pliyucal  standpoint-  Tbe  subatances  lint 
encountered  arc  carried  ulon^  only  in  the  itxial  slream  of  the  blood-^xsscls.  and 
no  conclusion,  therefore,  can  be  dran-n  from  their  appearance  as  to  the  circulation 
of  the  entire  vaaia  of  the  blood. 

Stewart  eroployed  a  didereiil  method.  If  the  electrical  n;*iatance  oflfcrcd  by 
an  Mnoi-ened  artery  is  tirtt  diMtrmincd  with  «  galviinomptcr,  and  at  a  given  mvment 
acme  saline  solution  is  injected  into  the  circulation,  the  galvanic  re<ustanc«  will  be 
dimini>;h(^d  wh«»  the  salme  blood  passes  through  the  section  in  communication 
with  the  galva.[iQn)eter.  The  instant  when  thit;  laki-K  place  is  also  noted.  In  this 
way  Stewart  found  for  the  lewer  circulation  about  one-fiflh  of  the  entire  duration 
of  Utc  circulation  ( —  10  4  seconds,  u)  ihc  rabbit  and  in  the  dog).  The  duration  of 
the  circulation  in  the  kidney  wait  3  seconds,  in  the  liver  j.t^  M'cundii, 

A  vcnouti  state  nf  the  blood  increases  the  duration  of  the  circulation. 

Pathological,  —In  the  presence  of  IvvKt  the  duratioQ  of  the  circulation  appean 
lo  be  iiitrwajtd. 

THE  WORK  OF   THE   HEART. 

PiillMM'inij  the  method  o(  Johann  .'Vlfons  Burolli  and  Daniel  f'auxnvant.  Julius 
Robert  v,  Mayer  cKtimaied  the  w«irk  of  the  heart  acconlinu  to  physical  principles. 
The  work  performed  by  a  motor  is  expressed  in  kilogram  meters,  that  is.  the  num. 
bcr  of  kilos  that  the  motor  is  capable  of  rftisinjf  to  ibc  height  of  i  meter  in  the 
unit  of  time, 

Ri>l>crt  v.  Mayer  calculated  that  the  left  Nxntricle  propels  with  each  systole 
0.188  kilo  of  blood,  and,  in  order  to  rai!ic  it  into  the  aorta,  has  to  overcome  the 
pressure  existing  in  that  vessel,  corresponding  to  a  column  of  blood  3.31  inetrn 
in  lenicth  The  work  of  the  ventricle  at  each  systole  is,  therefore,  equivalent  lo 
0.18S  X  .l-*t  —  e.604  kilop-.imrieter.  .Allowing  75  systoles  for  each  minute,  the 
work  of  the  left  ventriele  in  n  hniirs  w  eniial  lo  o.6o^  X.  7$  'X  ha  y  34  —  b$,i^o 
kilos  ram  meters.  The  work  of  the  right  ventricle  is  only  about  (  of  tliat  ol 
the  left,  or,  in  other  words,  about  31.740  kilo Kr.im meters-  The  trurk  uf  the  two 
ventricles  taken  together  i«,  therefore,  86.970  kilo^am meters.  The  work  per- 
formed by  a  laborer  during  8  working-hours  CQuals  300,000  kilOBrantmeters, 
thus  not  quite  four  timcfi  as  much  as  that  uf  the  heart.  As  all  of  the  kinetic 
cnergj'  of  the  heart  i»  t«>iiverutl  by  the  resistance  encountered  within  the  circula- 
tion into  heat,  the  work  of  the  heart  must  result  in  supplying  the  body  with 
heat:    435.5  grammetcrs  correspond  to  i  unit  of  heat,  that  is,  the  muim  force 

ttbat  ift  capable  of  raising  43<.5  grams  to  a  height  of    1    meter  is  also  capable 
of  niising  the  lempi-rature  of    1  eu,  cm,  of  water  1°  C.     The    body,    therefore. 
aCfjuireB  by  the  conversion  of  the  kinetic  energy  of  the   heart  about  3a4.«ea 
unitit  of  heat. 
As  I  cram  of  cool  yields  8o8a  units  of  beat  when  consumed,  the  working  heart 
accomplishes  as  much  for  the  body  as  if  more  than  35  granu  of  t-o.*]  were  burned 
in  it  for  the  production  of  heat.     The  valuer  given  would  be  much  amalirr  if  the 
capacity  "( the  vmtricl«.'<  were  a*sumed  to  be  smaller:  for  example.  60  cubic  eenti- 
aaeters;  on  that  ba&is  the  work  of  the  heart  W'nttd  Ih:  ciiuivalcnl  only  to  le.ooo 
kilosrammeters.  or  ^  of  llie  entire  muscular  work  of  the  body. 
: 
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VESSELS, 

In  the  study  of  tlie  movement  of  the 
microscopic  obscrvatioa  of  transparent  pr 
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most  important  method,  and  it  has  been  repeatedly  employed  by  various 
invesligators  since  the  time  of  Malpighi.  who  was  the  first  to  nbserve  the 
circulation  of  the  blood  in  the  pulmonnrj'  vessels  of  the  frog. 

lUct/icti.— Suitable  objvcts  fvr  »tudy  uitfa  transmitted  Light  ore  Ihi.-  tails  of 
tadpoles  and  young  fiahva.  ihc  w«'I>.  the  tongue,  as  w«ll  fts  lh«  mosonlcry  stretched 
mad  secured  1>y  means  of  pins  on  tk  strip  of  wax  parted  to  the  objc«t- 
Cirrier,  or  the  iitn)^  of  n  curanxi'd  fm^ .  in  initmnaalK  tlie  wing  u[  tlut  bat  itncl  the 
nictitating  mpmhiiine.  draim  out  frum  the  orbit  and  sprvad  out  by  mvstis  of 
threads  u\'er  a  vertical  glass  !ilide:   and  much  lets  advantageously  the  mesentery. 

Th«  following  objecis  can  1k  examined  with  a  low  power  by  reflected  hght: 
the  blood-vcswls  of  the  frog's  liver,  of  the  pia  mater  in  the  rabbit,  of  the  frog's 
skia.  and  of  t)tc  mucoiis  mcnihranc  on  ihL*  inner  osprcx  of  the  hp  in  human  beings, 
ai  well  as  vi  the  pAlpuhral  .Liid  bulbiir  conjunctiviu. 

With  respect  to  the  form  and  arrangement  of  the  capilloriea  in  the  various 
tiauea.  the  fvHowing  points  are  worthy  of  note; 

I.  The  dianuur  of  the  smalkvt  v«<*U,  which  permtU  the  passage  of  the 
Nood-corpuselM  onlv  in  iitiifile  file,  may,  hftwever,  vary  from  1  to  $  p,  and 
in  the  largrr  vbssqU  naturally  permits  thi>  passage  of  tovsral  curpuscks 
abreast. 

3.  The  l<engtk  i«,  on  the  averafje.  about  05  milliraeter:  beyond  tliis  limit  the 
vessels  cither  oriiiin ate  by  the  fii vision  n(  small  arterites,  or  unite  to  form  vt-ins. 
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mciaboUiun  is.  nioai  ik:u\'c,  oh  the  Iuiiks,  the  liver,  and  the  rauaclea:  and 
■  in  other*,  like  the  sclera  and  the  nerve-trunks. 
4.  The  prencnce  of  ^llm(^rf)M(s  oHiKfomotf.t  is  particxilarly  striking,  with  the 
ation  of  plexuses,  the  shupv  of  whic^h  dtrpc'iidi  principally  on  the  form  and 
Kntcture  of  the  bnxal  tissue.      Thus,  the  capillariM  are  arranged  *imply  in  loops 
ia  the  papilhe  of  the  skin;  as  poK*gi>nnl.reiiffirm  nicshworks  in  the  serous  mem- 
branes and  on  the  surface  of  many  gl,ind\ilar  .iciiii;  as  longitudinal  tubes  running 
c1oi«  together  lietween  the  muiicle's  ani!  the  nt-rvL- hbers  and  bet  ween  the  straight 
uriaifcriiux  tubules,  in  a  mdiHtine  miinncr,  converging  to  a  central  jjoiiit  in  the 
liver,  and  in  the  form  of  arcado-like  loops  at  the  free  border  of  the  iria  and  at 
the  conieo-scleral  iunctinn. 

With  retrnrd  to  the  trunsitinn  of  the  smallest  arteries  into  the  capillaries,  a 
distinction  sltould  be  made  as  to  whether  the  minute  arterial  twigs  arc  end- 
arteries— that  is.  such  as  do  not  unaslomostr  with  other  arienal  twigs  of  the  same 
order,  hut  break  up  directly  into  capilLiric*.  ,-iml  rtimmiinicnte  with  neighboring 
arterial  twies  only  bv  means  of  e«pillaric«;  or  whether  bi-foro  br^-aking  tip  into 
capiUaries  iiic  neighboring  arteries  communicate  by  liberal  anastomoses,  large 
enough  to  be  calI«J  anenal.  The  presence  or  atisence  nl  arterial  anastomose* 
is  important  with  respect  to  the  nutntirm  of  the  region  supplied  by  the  vessels. 

In  observing  the  blood-current  itself  it  will  be  seen  at  once  that  the 

red  blood-cells  progress  only  along  the  center  of  the  vessel  in  the  axial 

stream,  while  the  parietal,  transparent  layer  of  plasma  remains  entirely 

free  from  them.     The  latter,  deRignated  Pciscuille's  space,  is  recogniitable 

especially  in  the  smallest  arteries  and  veins,  in  which  the  axial  stream 

occupies  three-fifths,  and    the   light    layer  of    plasma  one-fifth,  of  the 

entire  width  of  the  vessel.     It  is  \ess.  distinct  in  the  capillaries.     Accord- 

JJigto  Rud,  Wagner.  Poiscuillc's  space  is  wholly  absent  in  the  smallest 

"ssels  of  the  lungs  and  the  gills.     The  red  blood-cells  pa-ss  through  the 

^lest  capillaries  in  single  file.     In  larger  vessels  they  move  close  to- 

Itcuit^T,  frequently  turning  and  twisting  in  their  course.      On  the  whole. 
^  rate  of  progress  in  the  larger  vesRels  is  uniform;  occasionally,  how- 
^.  i!t  when  there  is  a  sharp  bond  in  a  vessel,  the  movement  is  ut  times 
letrh^t  rctanled,  at  times  again  accelerated.     Wherever  the  stream 
»    bloo*]-cell  occasionally  remains  attached  to  the  projecting 
point  of  ir.  i  .;'ja,  bending  ut  its  edges  on  each  side  into  the 
the  cajiili.in,'.  .ind  .ippearing  somewhat  thinned  at  the 
it  may  adhere  in  this  way  for  a  long  while,  tmtil,  the  cur- 
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rent  becoming  accidentally  stronger  on  one  side,  it  is  set  free,  whereupon 
it  rapidly  regains  its  former  shape  by  virtue  of  its  inherent  elasticity. 
When  two  vessels  join  to  form  one,  the  elasticity  of  the  red  blood-cells 
is  again  put  to  proof.  Cells  at  such  points  are  not  infrequently  heaped 
up  and  pushed  together  in  one  direction  or  another.  Occasionally,  an 
accumulation  of  this  kind  causes  a  temporar>'  stagnation  hrst  in  one  of 
the  branches  and  then  in  the  other:  the  obstruction  is  then  removed. 
aiid  for  some  time  both  capillaries  continue  to  pour  their  contents  into 
the  collecting  tube,  during  which  process  the  corpuscles  are  shaken  up. 
like  dice  in  a  box. 

The  movement  of  the  white  blood-cells  is  entirely  different.  They 
roll  along  the  walls  of  the  blood -vesscLs.  their  peripheral  zone  bathed  by 
the  plasma  of  Poiseuille's  space  and  their  inner  spherical  surface  pro- 
jecting into  the  procession  of  red  blood-cells.  The  explanation  of  this 
peculiar  pmperty  on  tlie  part  of  the  leukocytes  of  keeping  close 
to  the  vessel-wa'll  has  been  furnished  by  Schklarewski,  who  dem- 
onstrated by  certain  physical  experiments  that  in  capillar?"  tubes 
in  general  (as,  for  example,  glass  tubes),  containing  artificial  mixtures 
of  different  kinds  of  granular  bodies,  those  possessing  the  lowest  specific 
gravity  are  forced  to  the  wall  when  a  current  is  set  up  in  the  tube,  while 
those  having  a  higher  Kpecific  gravity  move  along  in  the  middle  of  the 
Stream.  Thus,  when  once  forced  against  the  wall,  the  leukocj'tes  must 
keep  on  rolling,  partly  on  account  of  the  viscosity  of  their  surface,  which 
causes  them  to  adhere  readily  to  the  vessel-wall,  and  partly  because  the 
surface  directed  toward  the  axis  of  the  vessel,  where  the  current  is 
swiftest,  receives  the  ma";!  effective  impulse,  often  by  the  direct  impact 
of  red  corpuscles  driven  against  it.  The  rolling  movement  is  not  rarely 
intermittent,  probably  because  diflerent  parts  of  the  leukocytes  adhere 
with  equal  tenacity  to  the  vessel-wall.  The  in-icosity  of  the  leukocytes 
is  also  in  part  responsible  for  their  slower  movement,  which  is  from  ten 
to  twelve  times  slower  than  that  of  the  red  blood-cells;  this  is.  however, 
in  part  also  due  to  the  fact  that,  owing  to  their  parietal  position,  the  larger 
portion  of  the  body  of  the  leukocyte  projects  into  the  peripheral  layers 
of  the  cylindrical  stream,  where  the  current  is  least  rapid. 

It  is  an  intercsiing  obscr^'aiion  that  in  the  vesAels  first  formed  in  the  incu* 
bat«d  e^.  HX  veil  ai  in  young  tadpoles,  the  movvmemt  of  the  blood  trom  the 
heart  U  intcrmittcm. 

The  velocity  of  the  stream  is  influenced  also  by  the  diameter  of  the  vcsscta 
at  a  K^ven  poinr.  The  latter  ia  subject  lo  i>cniidical  variaiiona,  nut  imty  in  ve»eb 
provided  with  mtisculor  tissue,  but  also  in  the  capillaries — in  the  latter  in  conse- 
quence of  eponlancous  contraction  of  the  protoplasmic  cells  that  form  tbcir 
walls. 

In  the  pulmonary  capillariet  the  blood-stream  is  more  rapid  than  in  those 
of  the  greater  circulntion,  whence  it  may  be  cc4)eluded  that  ine  total  sectional 
aj«a  of  the  pulmonaiy  capillaries  most  be  smaller  than  that  of  all  of  the 
capillaries  of  the  body  (of  the  {[reater  circulation). 


THE  MIGRATION  OF  THE  BLOOD-CORPUSCLES  FROM  THE 
VESSELS ;  STASIS ;  DIAPEDESIS. 

If  the  circulation  be  oliservcd  in  the  iiiesenlcne  vesacU  it  is  not  rarely  pcaaiUe, 
Mpedally  if.  after  the  applicatton  of  a  mild  irritant  to  this  vascular  tissue  (Uw 
contact  of  the  air  alone  iw  outHcient) .  an  inflammator}-  process  begins  to  develop, 
to  see  the  migralii^n  of  leukocytes  in  var^-ing  numbers  through  the  vesseUwail. 
Instead  of  rolling  along  in  a  jerky  nuinner  in  the  plasmatic  lone.  the  cells  gradually 
move  more  and  more  slowly,  accumulate  in  increaaing  numbers  and  adhere  firmly 
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to  the  wall;  toon  they  begin  to  penetmtc  into  the  wall  and  ultimatclv  they  make 
their  way  completely  through  it  and  wander  for  some  disiatice  further  into  ifio  peri- 
vascular tissue.  It  is  Btilfa  matter  of  doubt  whether  the  corpuscles  force  their 
way  through  inierendothelinl  utomata,  supposed  lo  lie  present,  and  thun  (.-nter 
the  lymphatic  vascular  system,  or  whether  Uicy  simply  pass  through  the  ccmont- 
substance  between  the  endothelial  cells.  Several  successive  st«ps  can  be  dislin- 
guished  in  thH  process  of  iiu£ration,  which  is  known  as  diafvdesif.—(n)  adhesion  of 
the  leukocytes  to  the  inner  surface  of  the  vessel  (after  gradual  retardation  in  their 
progress  along  the  wall  tip  to  that  point):  (b)  extension  of  processes  into  and 
through  the  vesncl-ivall.  (c)  withOmwal  of  the  ccll-liody,  which  appears  con- 
stricted at  the  in.'itant  of  its  passage  through  the  wall  of  the  conuircasioii;  (d)  com* 
plete  puRsngc  through  the  vessel -wall  and  the  fvtrlhcr  progrcasoi  tho  leukocyt*  by 
virtue  of  its  atDoboid  movement. 

Henng  observed  that,  even  under  nornial  conditions,  the  leukocytes  in  lai^er 
ves»ls.  which  an;  surrounded  hy  lymph- spaevs,  p.t«s  into  the  lymph -spaces.  Inis 
observation  oxplaias  why  culls  may  be  found  even  in  such  lymph  as  has  not  yet 

rKcd  through  any  gland.  The  cause  of  the  migration  from  the  vessels  restaes. 
pari,  in  the  independent  power  of  movement  on  the  part  of  the  leukocytes;  in 
E art  it  is  a  physical  phenomenon .  namely  filtration  of  the  colloid  mass  of  uie  cell* 
odici  through  the  force  of  the  blood-prc&sure,  and  in  the  laHer  connection,  there- 
fore, essentially  dependent  upua  the  intravascular  presaure  and  the  velocity  of  the 
blood-ctirrcnt.  Ilermg  regards  the  migration  of  leukocytes  and  even  o'f  a  few 
red  blood-cells  from  the  small  vessels  into  the  lymi>hatic8  as  a  normal  process, 
which  he  was  able  to  obspr\-e  in  the  mesentery  o?  the  frog.  The  red  blood-cells 
escape  from  the  vessel  in  the  presence  of  obstruction  to  trie  venous  flow,  which 
causes,  lint,  escape  of  bioo<i-ptasma  through  the  vcssel-wull,  and  with  the 
plasma  the  crythroc>-tes  arc  also  forced  through,  undergoing  a  marked  change  of 
shape  on  account  of  the  torsion  to  wliich  they  arc  suhiectcu  at  the  moment  when 
they  pass  throagh  the  vessel-wall,  but  regaining  their  snape  again  after  the  pa-tsage 
is  completed. 

The  migration  of  blooii-cells  had  already  hetn  descril>cd  in  1834  by  Dutrochet 
and  in  1846  by  Waller;    the  phcntim*riiin  wa»  next    more   carefully  studied  by 
Cohnhtim,     According  to  ihe  latteT,  the  migration  is  a  sign  of  inflammation,  and 
the  leukocytes,  which  accumulate  in 
considerable  numbers  in  the  tissue. 
ire  to  be  regarded  as  true  pus-cor- 
puscles, whi^  may  later  multiply  by 
division.      It  should,    however,   be 
di:itiiict1y   stated   that,   in  addition, 
the  connect!  vc-ti&'iue  cells  are  lUso 
capable,  by  multiplication ,  of  produc- 
ing jjus-corpu-ieles.  which  differ  by 
thetr  greater  size  from  the  migrated 
leukocytes  found  in  pus, 

Wnen  a  vascular  part  is  sub- 
jected TO  severe  irritation,  hyper- 
emic  reddening  and  swelling  of  the 
part  arc  at  once  observed  It  has 
Men  shown  by  micniscupic  exaniina- 
tion  of  transparent  partA  that  l>i)th 
the  capillaries  and  the  smaller  ves- 
sels become  dilated  and  engorged 
with  blood-cells;  sometimes  dilata- 
tion IS  preceded  bv  n  t«mporary 
contraction  of  brief  duration.  At 
the  same  Imie.  a  change  in  the  ve- 
locity of  the  bloo(l-«tre,xt«  is  observed  in  the  vessels.  Rarely,  and,  as  a  rule, 
only  (ora  short  time,  the  btoiiil-tttrcum  is  accelerated ;  but  generally  it  is  retarded. 
If  the  irritation  be  continued,  the  relnrdution  soon  becomes  so  great  that  the 
current  onlv  udvancea  intermittently,  and  a  to-and-fro  movement  of  the  blood- 
column  is  observed, — asign  thatobsti'ucti<-nha»  already  tal:ea place  in  jwriphcrally 
(itiiit.-.^  vrtecular  areas,  rinally,  the  current  in  the  dinendeii  vessels  comes  to  a 
'-  '.ludstill  {tl'isis).      IJondcrs  point t  out  the  greater  number  of  leukocytes 

111  ^'  <ng  blood,  and  believes  comectly  that  this  accumulation  of  leukocytes 
is  a  greater  ohstacle  to  their  progress,  as  compared  with  the  er>'l)irocytes,     Vt'tuia 
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these  processes  are  ffotog  on.  the  migration  of  the  leukocyte*  and  ronly  also  of 
the  red  cviU  taken  ]^acf.      llnilrr  fitvorabtc  conditions  lh«  stasift  may  be  relieved, 
gi-nerally  vrith  a  reviTsal   in  the  order  of  the  phenomena  ttiai  have  attended  it« 
atvelopracnt.     The  escajie  of  blood- corpuscles  throuvh  the  intact  mall  of  the  %-c«»el  ^ 
i%  dritieiintvil  (liiipetitkM.     The  sHc-lhnir  of   itilUmi-d  par1«  is  dur  in  part  to  the' 
dilatation  of  the  vtsscls.  but  chit^tly  to  the  escape  oj  plasma  mio  the  ttssuca. 


THE  MOVEMENT  OP  THE  BLOOD  IW  THE  VEIMS. 

In  the  Ririiillest  veins,  which  are  tormed  by  the  union  of  capillaries, 
the  velocity  of  the  blood-current  is  greater  than  in  the  capillaries,  but 
slower  than  in  the  smallest  arteries.  At  the  same  time,  the  current 
is  ever\-where  uniform,  and  according  to  hydrodj-namic  laws  the  venous 
current  would  continue  with  absolute  regtilarity  to  the  heart,  if  it  were 
not  subject  to  other  disturbances.  Such  disturbances,  however,  are 
operative  in  various  directions.  Among  sfjecia!  peculiarities  of  the 
veins  to  wliicli  interference  with  the  uniformity  of  the  current  is  attrib- 
utable the  following  may  be  mentioned  : 

I.  The  relative  relaxation,  the  great  distensibility  and  compress- 
ibility of  even  the  larger  trunks;  a.  the  incomplete  distention,  wliich 
does  not  increase  to  any  considerable  degree  the  clastic  tension  of  the 
walls;  3,  the  numerous  and  at  the  same  time  free  anastomoses  among 
neighboring  trunks,  both  in  the  same  tisHuc-i)lanc  and  from  above  down- 
waiTl.  By  this  means  it  is  possible  for  the  blood,  when  the  venous 
area  is  partly  compressed,  to  escape  through  numerous  readily  distensible 
channels,  and  thus  llie  occurrence  of  actual  stasis  is  prevented:  4.  the 
presence  of  numerous  valves,  which  permit  the  Wood-current  to  move 
only  in  a  centripetal  direction.  These  arc  wanting  in  the  smallest 
veins,  and  they  arc  most  numerous  in  the  medium-sized  veins.  The 
valves  are  of  great  hydrostatic  significance,  inasmuch  as  they  divide 
long  columns  of  blood,  as.  for  example,  in  the  crural  vein  when  the  body 
is  in  the  erect  position,  into  sections,  thus  preventing  the  entire  column 
from  exerting  its  hydrostatic  pressure  down  to  the  lowest  portions  of 
the  vein. 

As  soon  as  pressure  is  exerted  on  a  vein,  the  nearest  valves  below  the 
point  of  pressure  close  and  those  next  above  oi)cn.  thus  leaving  a  free 
passage  for  the  blood  10  the  heart.  The  pressure  on  the  veins  may  be 
of  varied  character:  in  the  first  place  from  without,  by  contact  with 
various  objects.  Further,  thickened  and  contracted  muscles  may  com- 
press the  veins,  especially  in  the  movements  of  the  extremities.  That 
the  blood  e£caf)cs  in  a  stronger  stream  from  an  opened  vein  when  the 
muscles  are  moved  at  the  same  time  can  be  seen  whenever  venesection  is 
practised.  If  the  muscles  are  permanently  contracted,  the  venous 
blood,  escajang  from  the  muscles,  collects  in  ilie  parts  that  are  not 
moved,  especially  in  the  cutaneous  veins.  The  pulsatory'  pressure  in 
the  arteries  accompanying  the  veins  also  tends  to  accelerate  the  venous 
current. 

Oircct  observntioiu  have  Iteen  mnite  as  to  the  velocity  of  the  venous  blood- 
current  with  the  hemodro  mo  meter  an'!  the  rli'-'imtter      ThuB.  Volkmatm  found 
a  veUx'tty  of  115  mtn.  in  a  (t'o>">'!  ?■■'  't^"'  ii^i'ul-n  vi.in     L.ii  m  vii-ir  nf  tlT»  Imv 
piTssMrr  that  prrvnih  ni  thr  \ 
n)ca.suring  the  velocity  is  ncci' 

normal.     Rtil  observed  thai  tl  —■.!(-•- 

artcnr  was  two  and  a  half  tii:.i 
a  similar  opening  in  a  vcm. 
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As  the  smaller  venous  branches  unite  to  form  larger  ones,  the  1-uraen 
gradually  diminishes  toward  tlic  vcnas  cavar:  hence  the  velocity  of  the 
current  must  increase  m  the  same  proportion.  The  velocity  in  the 
vena:  cu's  may  be  half  as  great  as  that  in  the  aorta. 

Borrlli  rstimattrd  t)i«  capRcily  of  ttw  v-tmuvx  systr^m  as  (oiir  times  au  large  ai 
that  ol  ibc  arteries.     According  to  A.  v.  Hallcr  the  proporticMi  is  as  g  :4. 

As  the  pulmonary  veins  are  narrower  than  the  pulmonary  arteries, 
the  blood  moves  more  rapidly  through  the  former  than  through  the  latter. 


* 

W 


SOUITDS  AND  MURfiTDRS  IN  THE  ARTERIES. 

tCDumcna  observed  in  the  arteries  must ,  fr*jm  a  htriLiIy  ph>'sical 
,Dat«d  as  marmurs.  Ncvvrt !it:kssi  it  is  cust'.iiiinn-  in  iiicdicul 
ring  Ihc  cxninplc  of  SkocUi,  to  apply  the  term  ji>uKJ  to  tliase 
acoiiFitic  phenomenit  that  are  of  short  duration  and  sharp  definition,  like  thr  heart- 
Bounds:  while  those  th.it  are  of  longer  duration  and  are  not  distinctly  delimited 
are  (letu^nteil  murmurs  in  the  iiiimru'i-T  f^-iiw.  In  mnny  cases  a  Kliarp  diKtincUon 
bctwetTi  the  two  is,  therefore,  impossible. 

In  the  caroiid,  and  more  rarely  in  the  siihctavian,  two  distinct  sounds  are 
heard  in  appniximatcly  fmir-liflhs  of  all  healthv  individuaU.  These  soundM  cor- 
respond in  duration  and  pitch  to  the  two  sounds  of  the  heart  and  must  be  int«T^ 
prcted  as  due  tii  projiagation  o(  the  sound  from  the  lie.in  by  means  of  the  blood 
as  far  as  the  can>tid,  and  they  are.  accoTdin);ly.  dcsi|^:itcd  lranimiU<4  h*art- 
sotinds.  Sometimes  the  second  sound  of  the  iK-art  alone  is  heard,  as  the  site  of 
its  production  is  nearer  the  earolid.  The  seci>nd  sound  of  the  pulmonary  artery, 
which  is  in  clo9»  contact  with  the  aorta,  may  alto  h«  transmitted  to  Ui«  jMXfit 
mentioned , 

SoundB  and  murmurs  occur  either  spontaneously  or  only  after  the  application 
of  externa!  presKure.  liy  meant  of  which  the  lumen  of  the  veistei  is  narrowed. 
Accordingly  a  distinction  is  made  between  (1)  spontaneous  sounds  and  murmun 
and  (at  presnire-»ounds  and  prenure-murmunt. 

Arterial  murmurs  are  developed  mtyn.  rnsily  Sy  exerting  prc»urc  on  a  circum- 
scribed portion  of  a  large  aner>-.  for  example,  the  femoral.  The  pressure  must  be 
so  regulated  that  only  11  small  portion  of  the  lumen  rcmaina  oyaa  for  the  passage 
oi  the  blood  (jtmolic  mMri»Nr;).  As  a  result,  b  small  stream  of  blood  will  pass 
throuch  the  stenotic  point  with  great  rapidity  and  f<jrcc.  and  enter  the  wider  por- 
tion of  the  arterv  beyond  the  site  of  comprvsaic4i.  This  so-called  pressure-stream 
throwc  the  fluid- particles  mto  active  oscillatory-  and  rotatorv  movement  and 
thus  produn.i;  the  murmur  in  the  wider,  periphcfa!  portion  of  the  vessel.  Analn- 
^us  conditions  prevail  wherever  there  is  a  kink,  a  sharp  bend  nr  a  tortuosity 
in  the  course  of  the  artery.  The  iihenomeiion  U.  therefore,  aa  a  rule  a  prc.ssure- 
miirTnur  Kencraled  within  the  fluid,  With  recant  to  the  iue«tion  as  to  the  nrigin 
of  these  murmurs,  Gcigel  takes  the  stand  that  ihcy  are  due  to  static  transverse 
vibrations  of  the  veiMel-wulls.  Below  the  point  of  comiireasion  a  thrill  is  fell 
in  the  walls  of  the  large  arteries  synchronously  with  the  presvure-raui'mur.  In 
CA9CS  of  aorlicinsulhciehcy.caophtbalmic  goiter,  and  circumscribed  arteriosclerosis 
this  thrill  is  rnuch  more  marked  than  in  norimil  case*,  and  it  is  also  appfvciablA 
over  emftllcr  arteries. 

A  mtirmur  of  like  character  is  that  at  times  heart  over  the  subclavinit  artery 

Isynchronoualy  with  the  pulse  and  desi^aled  fubclai-ian  murmur.    This  is  pro- 
duced by  adfiesions  of  tne  two  layen:  of  the  pleura  at  the  apico:  of  ilie  lungs, 
especialty  in  association  with  tuberculosis  and  other  diseases  of  the  lungK.  and  in 
consequence  of  which  the  subclavian  artery,  as  a  result  of  torsion  and  kinking, 
oodergocs  local  stenosiw,  which  sometimes  manife*t.i  itself  by  diminution  or  absence 
of  the  pulsv-wavc  in  the  radial  a^tc^^'  (paradoxical  pulse). 
Patbol^caL— it  is  evident  that  murmurs  will  develop  in  the  human  body 
Hkeiv.srr  (a)  When,  owing  to  morbid  conditions,  the  arterial  tube  is  dilated  at 
some  pdint  whem  the  blood .curTcnl  is  fircibW  introrliiced  from  a  normal  portion 
"^  'he  unorv      Svich  dilatations  (ineurysmsl  <|uitp  generally  give  ri«e  to  murmur* 
uts).     (oj    Pressure -murmurs  will  be  Renerated  whenever  an  organ  exerts  pres- 
on  an  artery,  as.  (or  example,  by  the  grently  enlarged  uterus  during  preg- 
Vi  and  by  a  pathological  tumor  pre&sing  upon  a  large  art«Ty. 
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ACOUSTIC   PHBKOUBNA   VITUIK  THB   VBINS. 


In  oil  ciues  in  wbieh  cbcre  is  no  extenul  pressure,  it  Is  lotmd  that  the  pr^ 
<Iucliun  ol  «]>onuknoous  acoustic  phenomena  is  eraatl;^  facilitated  it.  duniig  the 
period  of  anurtal  diastole,  the  art«fial  wall  is  as  relaxed  as  possible  and.  thcTcfore, 
Deironie.i  suddenly  aud  greatly  distended  at  the  time  of  the  puUc-waye.  that  is. 
when  the  8)rstotic  minitnum  of  tension  of  the  arterial  wall  is  mindly  displaced  by 
the  diastolic  maximum  of  tension.  This  is  particularly  the  case  with  aortic  in- 
aufTiciciiry,  a  oondtt-ion  in  which  the  arteries  are  often  the  seat  of  widespread 
murmtirs.  If  even  during  arterial  rest  the  nunimum  of  tension  of  ihe  urtcrial 
wall  i«  TcUtivcly  high,  the  acoustic  phenomena  ar«  Eaint  and  may  even  disappear 
aliogeihor. 

The  following  factors  favor  the  development  of  arterial  murmurs;  (t)  A  suffi- 
cient d«grw  of  dolicncv  and  elasticity  of  the  vessel -weIIb;  (s)  a  low  p<Tipl>*r«! 
resietsnce.  that  is.  accneraied  and  unobstructed  escape  ot  the  blood  from  the  end 
of  the  vascular  channel :  (3)  a  material  dillerence  between  the  pressure  ot  the  Stud 
in  the  stenotic  xiortion  and  that  of  the  Ilutd  in  the  peripheral  dilatation;  (4)  lar^e 
size  of  the  artery. 

Murmurs  n^y  be  limrd  also  in  nonnal  pulsating  arteries,  especially  when 
the  vvBitel  ut  th<:  seat  of  sharp  bunds  or  tortuonlies.  In  almost  uU  cases  in  which 
artcnal  munnurs  arc  heard,  one  or  several  of  the  forceoing  factors  can  be  dcmon- 
straKtd.  It  is  evident  that  murmurs  of  this  kind  willbc  most  marked  when  two 
or  thre«  large  arteries  are  found  in  close  apposition.  Hence  the  rather  loud 
murmur  ^nKrat«d  in  the  many  tortuous  and  dilated  arterial  trunks  of  the  gravid 
uterus  {uUrine  or  placfnial  snuffle)  and  the  much  less  distinct  fttnte  umlfif  in  the 
two  umbilical  arleries.  In  this  category  belongs  also  the  so-called  certbral  WMriNKr 
heard  In  almost  one-half  of  all  infants  with  thin  skulls,  as  well  us  the  murmur 
heard  o^Tr  the  morbidly  enlarged  spleen,  and  the  thrill  in  the  thyroid  gland  in 
coses  of  exophthalmic  goiter. 

When  auMcultation  is  practiced  over  the  ulnar  artery  under  the  favoral)te 
conditions  mentioned,  especially  in  lean  individuals,  every  pulse-beat  is  found  to 
be  accompanied  by  two  acoustic  phenomena,  which  coincide  with  the  primary 
and  the  dicrotic  elevation.  In  old  persona  especially,  and  in  individuals  with  a 
bigeminaie  pulse,  the  two  founds  ore  Quite  distinct.  Fnedrcich  believes  the  hntt 
cound  to  b(?  produced  by  the  vessol-wall,  that  is.  the  sudden  tension  of  the  artery 
distended  durmg  diastole.  The  second  murmur  naturally  is  feebler,  in  correspond- 
ence with  the  lesser  degree  of  distention  of  the  artery  by  the  dicrotic  elevation. 
Occasionally  a  third  sound  is  heard  bct«-ccn  the  other  two,  which  corresponds  to 
the  clasticity-uacillationi  between  the  apex  of  the  curve  and  the  dicrotic  elevation. 
In  the  radial  artery  and  in  the  'lorsalis  pedis  only  a  single  murmtir  is,  as  a  rule, 
beard  synduonausly  with  the  pulsc-bcat. 

In  cases  of  aortic  insuflicicncy  characteristic  acoustic  phenomena  ore  present 
in  the  femoral  ortcrv-  When  the  vessel  is  compressed,  tliere  is  heard  a  double 
blowing  (murmur) ,  the  first  clement  of  which  is  due  to  the  fact  that  a  large  mas* 
of  blo(»  is  driven  to  the  p«riphcr>-  synchronously  with  the  pulse,  and  the  second 
to  the  fact  that  dunng  the  contraction  of  the  artery  a  toi^e  ciuantity  of  blood 
flows  boclc  into  the  vimtricle.  Un  the  other  haAd.  if  the  arter}'  is  not  compressed, 
two  feabler  sounds  are  lu'ard,  which  are  due  to  the  fact  that  the  auricle  and  theren- 
triclcscnda  wave  of  blond  into  the  arterial  system  in  rapid  succession  (Fig.  55.  III). 
Gerliardt  similarly  hcnrd.  in  cases  of  insullictcncy  of  the  pulmonary  valves,  two 
'duJI  sounds  over  every  portion  of  the  pulmooary  surCncc.  In  other  coses  (when 
there  is  also  tricuspid  insutficicncy>  the  aecond  sound  is  produced  by  the  sudden 
anappinf;  cJonurc  of  the  valvw  in  the  femoral  vinns,  caused  by  the  rebound  of 
the  \-enouE  blood.  Also,  when  the  arteries  are  rigid  (atheroma)  a  double  sound 
is  sometimes  hf^ard  synchronously  with  the  pulse-wave.  This  sound  is  attributed 
to  the  anacrotism  of  the  pulse  observed  under  such  conditions. 


ACOUSTIC   PHENOMENA  WITHIN  THE  VEINS. 


Tlif  Vtnotin  Hittn. — AboVf  ihir  clavicle,  in  '" 
tlta  heads  of  the  stemoclekli-mnstoid  musele. 
&ere  is  heard  in  many  in' I'    1  -  1-  1 1"  ^tr  tvf 
or  s>Tichr<iiKm*  u-iih  the  :i  ■    :    . 

roaring  or  buzzing,  someti-T 
within  the  bulb  of  the  tomrn 
present  even  when  no  preitiun 
symptom.     The  phenomenon  y- 


vir.  of  the 
ii;ht  side, 

■  ilirjiiri;is. 


THE  VBn6us  pulse.   THE  PHLBBOCRAU. 
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cxoncd  and  ibc  bead  is  ai  the  same  time  turned  1o  tbc  (^poaitc  side  aad  sligliil/ 
upward.  The  pathuluf;ical  venous  hum  occurs  cimll)'  in  young  anemic  individuulfl 
in  whom  alio  n  thrill  i«  (e!t  over  the  vmmI;  it  is  present  also  m  case*  o£  goiter. 
St  timAs  in  youthful  individuiiU.  hut  it  tieeome«  less  common  with  advnncios  aige 

Tbc  eaiisc  of  the  venous  hum  resides  in  the  whirling  entnuico  o(  the  T>lood 
Irotn  the  relatively  narrow  jxiriion  o(  the  common  jugular  vein  into  the  dilated 
bulb  situated  beluw.  It  ajiiirArK  t(;  be  t^nemtcd  chielly  when  Uie  w^Us  of  ihe 
thinner  portion  of  the  vein  arc  in  fairly  close  apposiuoti,  so  thai  thcbl'jud  stream 
iaobligeatu  force  its  way  through.  This  explains  the  fact  lltai  the  occurrence  of 
the  phenotncnan  is  fAV(M-cd  by  prc.-uture  and  by  tuniinij  t.he  head  Ik7  the  side 
and  slightly  upward.  The  inicnsity  of  the  sound  dcpendJs  upon  the  velocity  of 
tbc  blood  as  it  paai>cs  ihniueh  the  narrow  portion  of  tnc  vein,  and  for  this  rca*i>i» 
the  act  of  inspiration  and  tlie  diastole  of  the  heart,  both  factors  accelerating  the 
venous  flow,  inientifv  the  vcnmis  hum.  The  tame  is  true  with  regard  to  the 
favorable  influence  ot  the  erect  jiosture  in  rare  cases  a  sound  simitar  to  the 
venous  hum  is  heard  m  the  subclavian,  axillary,  thyroid  fin  cases  of  colter),  facial 
and  innnnnnate  vrimt,  the  xupen<ir  vena  cava,  the  cnniraL  vein,  and  the  inferior 
vena  cava  at  the  blunt  mar^n  of  the  liver. 

Rfgurgitaiu  .\far(i»i«rj.— The  exniratoiy  murmur  heard  at  timca  in  tha 
crural  vein  after  xui'Mc;n  elturt.t  at  liearinK-dowii  is  produced  by  a  centrifugal 
current  of  blood  passing  through  the  vein  at  the  bend  of  the  knee,  the  vnlvca 
being  incompetent  or  entirely  aiis<Tit  When  the  valves  in  the  bulb  of  the  jugular 
vein  are  incomjxteul .  a  rejj'TirKilanl  niunnur  may  be  yjrodueed  either  during 
expiration  (expirat<ir)-  jugulnr-vaK-e  murmur)  or  during  the  syutolc  of  the  heart 
(systolic  jugular-valve  munimrl ,  In  the  prfsenee  ol  insuflitieticy  i.if  the  tncospid 
valve  a  fi>-stolic  raunnur  has  been  heard  m  the  crural  vein  when  its  ^-alves  wePB 
tocompetenl. 

Vuiviilar  SoHidj  i«  tht  r*iiii.— Forced  expiration  may  give  rise  to  valvular 
sottnds  in  the  crural  \-cir.  as  the  vahta  close  with  a  snap  under  the  pressure  of 
the  blood  furced  back.  In  the  presence  of  inauiTiciwicy  uf  the  tricuspid  valve  a 
large  quantitv  of  blood  t»  thrown  back  intxj  the  wnae  c*vx  at  each  ventricular 
s>itolc.  Under  such  circumstaoccs  alto  the  venous  valves  may  close  suddenly 
with  the  production  of  a  .fJiind.  The  phenomenon  occurs  both  in  the  bulb  of  the 
jugular  vein  and  in  the  cntral  vein  nt  the  liend  of  the  knee,  but  only  when  the 
req>pctiva  ntUvcs  are  comjietrnt, 


THE  VENOUS  PULSE.     THE  PHLEBOGRAM. 

Method. — If  the  muvi;ini.-nt»  uf  a  vi'in  arc  rvcutilnl  liy  int-ans  of  a,  li;;htly 
weighted  sphyRmograph — a  heavy  lomd  would  comprciss  the  vein  or  at  least 
obliterate  the  delicate  dciaiU  of  the  cur\'t  — «  charactcri^lic  form  will  Ijc  obaetvud 
in  a  successful  venous  pxdse-curve  or  plilebogram  (Pig   ;»). 

In  th«  proper  interpretation  of  the  details  of  the  phl«l)nffr(Lm  it  is  i-spcctalh* 
important  to  determine  it";  chronoloeieal  relations  to  the  phases  of  the  heart's 
action:  hence,  it  is  advisable  to  record  a  cardiogram  and  a  phlebogram  aaraulta- 
ncously  (<m  a  recording  surface  aliaehed  to  a  vibrating  tuning-furkl-  The  begin- 
ning or  the  camtid  ptilse  coincides  approximatclv  with  the  apex  of  the  cardiogram, 
"■at  "  to  say.  with  the  descending  limb  of  the  piileboj^rani. 

The  veuwus  pulse  witlitn  the  coniiiion  jugular  vem  is  a  normal  phenomfnon. 
Apul»ntinj[  movement  5>'nchrcnou.i  with  the  movcmcnls  of  the  heart  is  frequently 
observed  m  the  cotirsc  of  this  vein.  (Compare  Fig.  34.)  l"hc  movement  may 
KKtMicI  onh'  to  the  lower  porti'-'ii  ol  the  v^in,  the  tto-ctdled  bulb,  ur  hiKher  up  to 
th  1  TK  °^  ^^  ^*'"  ''**''  When  the  valves  of  the  common  jugular  vtin  above 
tftc  """b  are  incompetent,  a  condition  that  Ig  not  at  all  rare,  even  in  heslthy  pcr- 
■""*.  the  phenomenon  is  parlicularlv  marked.  TTie  undulating  movement  ad- 
rn  l>elow  upward:  as  a  nite.  it  is  observed  only  when  the  subject  lies 
the  horijicmtat  powition;  It  is  more  common  011  the  right  than  on  the 
'  iiean  ",*'*^'"***'  'he  course  of  the  right  vein  is  straight  and  the  vessel  is  nearer 
"laJ  nm  '^  '*^^  vein.     The  movement  is  propagiied  more  slowly  than  the 

-■  puhw  ^nresesscs  the  peculiarities  of  the  mowment  of  the  heart.    The 

'  -'  r-  marked  degree  alIo(  the  details  of  the  ajK-x-bcat  curve .especialiy 

'le  pathological  conditions  to  be  discussed  presently,  and  it  there- 

les  such  ft  cur\-e,  as  is  shown  beyond  n  doubt  by  a  comparison 

nlse-etin-p  (Fig.  71.  i)  with   the  apex-beat  curve  (Fig.  »8,  A). 
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[f  it  be  coosidcnd  th«t  thi^  disicndrd  juciilar  vein,  in  which  thv  blood  is 
subject  only  to  sli^t  pnciure.  tomniumcates  directly  with  tIk  auricle,  il  will  be 
readily  unifentood  that  acontiMrti<m  of  Lhv  ;iuriclc  will  \>v  iimpAKUtcit  pniphcraDy 
imo  the  i^Kular  win  as  n  positive  wave  In  1-ig  jj.  q  mid  lo  rrpnscnt  the 
\*cnous  pulse  frtim  hciilthy  individuals :  the  section  a  ii  corresponds  lo  the  auricular 
coatractiun.  Landiiin  hiu  ii«'Ciuiiimiknv  nrxti  tlii.s  eompimed  <i|  two  »li)(lit  elevAlions. 
COETCSponding  to  the  coniiRctiun  of  the  auricular  appcndngv  and  th«  auricle.  As 
the  blood  of  tbc  righl  auriciv  it  HuliiiV(|ucntlv  thrown  int'i  Ji|^it3kt>ori  bv  th<^  sudden 
tenaion  of  the  tricuspid  valve,  the  closui*  o£  the  latter,  which  i»  synchronous  with 
the  systoI«  of  th«  nght  ventricle,  sends  a  p^witivc  wave  mto  tbc  jugular  von, 
and  tnis  appcat^  in  q  and  to  as  the  section  b  c.  Finallv.  the  sudden  closure  of 
tbt  pulmonary  valves  may  even  be  propagated  through  tfie  blood  in  the  ventricle 
as  ur  at  the  auricle;  and  still  further  up  in  the  jukmIilt  virin,  and  Ik  nxiKtorvd  by 
the  production  of  a  small  po<iti\'e  wave  (e).  As  the  aorta  is  in  immediate  contact 
wftb  Che  pulmonary  artery,  a  delicate  wave  may.  on  sudden  closure  of  the  aortic 
valves  (in  q  at  d),  he  generated  at  tbis  point  in  a  similar  manner.     Dtirinx  the 


Fic.  ia. — Varinii'  :  T,.,iit  pulw.  Ckltflr  iflCT  Friclrfidi:    i  B  Trtlh  itfniifrt  ImiMrinirr  •■m4m, 

ivKTUa  pulse  i:  >     iiiu  Trill  at  a  bubliT  tadiiidual-    In  ill  vl  ihc  a«*a  a  b  ladicuc  (cauaolaaat 

Ilxi  riibt  auiiOc.  t  i..  itui  of  tlu  r^bl  rauride;  d.  doauiebf  the  Mtic  nim;  cclotuveal  iIn 
v»l>ni  <  I,  duwcb  at  ihe  rifhl  uitkU- 

diastole  ot  the  auricle  and  ol  the  ventricle  blood  flows  freely  toward  the 
and  in  consequence  the  vein  collapses  and  the  writinc- lever  make*  a  dowti>»tro1 

According  to  Kndl  tbc  normal  juKular  pulx  is  due  ranly  lo  the  poaitivo  mtv« 
cauficd  by  ihc  contraction  of  the  ri^Ttt  auricle  anJ  i-ifilv  :*.■  tin  nt^ath'P  "•!»« 
caused  by  Uic  dtUtaLiuii  of  the  wntncle;  while  tli  '^ 

that  takes  pincv  between  these  two  pbaacs  is  br-  '' 

the  flow  of  vonoos  blood  lo  the  heart  during  • 

In  the  sinuio*  of  the  ukull  the  blood  ti; 
because  bluml   tluwt  freely  mto   the   heart    ;i.ir 
favorabla  conditions  this  puUatory  movcmeni  r 
veins  of  th*  retina  and  Ihui  give  n*.e  to  the  rtlfnU 
to  the  tjirlti-r  inveslijiatora. 

Patholoflcal. — The  venotia  pulse  may  .be 
nounccd  in  all  its  characteristic  parts  in 
ment's  rctlcciion  will  tthow  that  under 
the  nifht  ventricle  must  cause   rcgurgital 
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TRB    DISTRIBUTION    OT    TBB    BLOOD. 


THE  DISTRIBVTIOir  OF  THE  BLOOD. 

Tho  mtihads  employed  for  dclcrinining  tho  quantity  of  blood  contained  in 
individual  orcanc  and  membtra  must  un(ortu«i»teiy  a«  ytt  be  regarded  as  inade- 

auftte.  (i)  The  quantity  o(  Wood  contained  in  the  part  may  be  dM^rtnined  alter 
eath  in  frozen  cadavrt^  This  method  ia  inaccurate,  bccaufic  after  death,  par- 
ttcularly  through  the  stimulation  o(  the  vasomotor  center,  the  quamity  of  blood 
contained  in  any  given  piirt  iinderKoCK  pTijfntind  clutngn  in  consequence  of  the 
fact  that  different  parts  of  thp  body  die  nrd  freeze  at  dit7crent  times.  (3)  A  pari 
may  be  forcibly  ligatcd  oiF  from  an  aniinat  during  lite,  then  be  at  once  severed,  and 
the  quantity  of  htooil  in  the  tissun  be  determined  while  ibey  are  still  wann.  Tilts 
method  in,  unfortunately,  inapplicable  to  many  internal  organs. 

J.  Ranke  determinetl  in  this  way  the  distribution  of  the  blood  in  the 
living  rabbit  at  rest.  He  found  one-fourth  of  the  entire  quantity  of 
blood  in  (a)  the  resting  muscles,  (6)  the  liver,  (c)  the  circulatorj-  organs 
(heart  and  large  arterial  trunks),  <d)  Iho  remaining  organs  taken  to- 
gether; of  tlie  last  tlie  lungs  contained  between  7  and  9  per  cent. 

The  iimotint  of  blood  is  inllnenced  by:  (i)  The  anatomical  dixthbution  of  the 
vessels  in  general,  that  is.  the  number  of  vessels  in  individual  parts  of  the  body: 
(>}  especially  the  size  of  the  veuieUi.  which  is  dependent  upon  physiological  causes: 
ia)  the  Nood-prc»ure  within  t.hem:  (b)  the  tlate  of  imtalMiity  of  the  vasocon- 
strictor or  vasodilator  nerves,  (c)  the  condition  of  the  tissues  in  which  the  N-esscis 
are  situated,  for  example,  the  intestinal  vessels  during  the  absorption  of  alimentary 
juices:  the  muxuUr  vvMels  durint:  the  contraction  of  the  musclca  (vessels  in  in- 
tiamcd  parts). 

The  most  important  factor  influencing  the  quantity  of  blood  in 
an  organ  is  the  activity  of  the  latter.  In  this  connection  the  ancient 
dictum  "ubi  irritatio,  ibi  afiRuxus"  is  applicable.  Examples  are 
afforded  by  the  salivary  glands,  the  stomach,  and  the  muscles  during 
activity.  As,  however,  under  normal  conditions  of  the  body,  the 
individual  organs  in  many  ways  relieve  one  another,  one  organ  may 
in  the  course  of  a  day  be  found  in  a  condition  of  greater  plethora  at 
one  time  and  another  organ  at  another  time.  The  variations  in  the  dis- 
tribution of  the  blood  coincide  with  the  alternations  in  the  functional 
activity  of  the  organs.  Thus,  while  one  organ  is  in  a  state  of  increased 
activity,  the  remainder  often  are  renting:  the  process  of  digestion  is 
attended  with  muscular  lassitude  and  mental  relaxation:  severe  mus- 
cular exertion  delays  digestion ;  when  the  skin  is  reddened  and  secreting 
freely,  the  action  of  the  kidneys  is  temporarily  in  abej'ance.  Some 
organs  (the  heart,  the  rcspiratoi^  organs,  and  certain  nerve-centers) 
appear  to  maintain  a  constant  level  of  activity  and  contain  the  same 
quantity  of  blood  at  all  times. 

While  an  organ  is  active,  the  amount  of  blood  present  may  increaM 
up  to  30  per  cent,  or  even  to  47  per  cent.  The  organs  of  locomotion  in 
young  and  vigorous  individuals  arc  likewise  relatively  more  plethoric 
than  those  of  older  individuals  with  a  feebler  muscular  system. 

During  mental  activity  the  carotid  is  dilated,  and  the  dicrotic  elevation  of 
the  carotid  curve  is  increasnl.  while  the  radial  exhibits  reverse  conditions.  anA. 
the  pultw  is  accelerated. 

In  this  condition  of  greater  activity  the  increased  amount  of  blc 
usually  tmdergoes  more  rapid  renewal  at  the  same  time;  for  exampl* 
after  mtiscular  exertion  the  duration  of  the  circulation  is  dimtnisbt 
This  circumstance  may  be  affected  by  a  great  variety  of  influences  tl 
govern  the  movement  of  the  blood. 
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This  marktil  fnll,  which  is  not  accomiianivU  by  a  correapondtng  taU  in  tbs  pntture, 
is  attributed  by  v.  Kric*  to  a  peripheral  rcttcctic^i.  thut  i*.  one  in  which  «  positive 
vfaveisretiectM  aasucb.  Tlic  dicrotic okvation  <«rcon<lary  n-avc)  appears,  lurlher, 
nnmewhAt  earlier  in  the  plethvnnoKraphic  curv-o  (current -pulse)  ih»n  in  the 
sphy^mographic  curve;  nlthougn  it  aJ»  hns  n  centnhigAl  course,  n*  In  the  sphvg- 
mographic  ctirve. 

».  The  respiratory  fluctuationB.  which  oorreKpond  to  the  respiratory  fluctua- 
tions in  hlood-prewure.  Active  breathitiK  and  conation  of  breathing  produce  ■ 
diininutloii  in  volume.  Further,  the  part  has  Ix-en  observed  to  nnder^  enlarge- 
ment ill  conscancncc  of  cfTccia  at  bearing  down  and  coughing,  and  reduction  in 
fiisc  during  .nobiiinic  3.  Certain  pcrindic  iluctuations.  dependent  upon  periodic- 
regulatory  movements  of  the  vessels,  particularly  ol  the  smaller  artenes.  4.  Vari- 
ous lluctuations  due  to  aecidcnti)!  causes  (hat  bring  alKiit  nltenttiong  in  the 
blood-pressure.  »ucha»  change  of  iiosition  producing  hydrt-stalic  effects;  dilatutMn 
or  contraction  of  other  large  vascular  areaa.  5.  MuKuIar  movement*  in  the  ex- 
tremity intmduced  into  the  pi cthysm" graph  cause  a  reiitictinn  in  volnnic,  because 
the  veiious  pulse  is  accelerated,  and  in  addition  the  musculature  itself  is  aomcwhat 
reduced  in  siie,  in  Kpite  of  the  fact  that  the  intramuscular  vessels  are  dilated. 
6.  High  (from  ,13'  to  3,6'  C )  and  low  (from  4*  to  8"  C  )  tera|icrature.  when 
applied  to  the  &kin  of  the  arm.  increase  the  volume  of  the  member  in  consequence 
of  paresis  of  the  inuMular  cu.it  i>f  ihc  btcHid-vesacIa  caused  by  the  ihennic  stimuli 
J.  Mental  exertion  diminishes  the  %'olumc  of  the  extremity;  sk-e[j  has  the  same 
cfiect.  A.  Compression  of  the  alicrcnt  artery  causes  diminution,  while  consiriction 
of  the  veins  naturally  causes  an  increase  in  the  volume.  9.  Irritation  of  the  vjistr- 
motor  nerves  i«  followed  by  a  decrease,  that  of  the  vasodilaton  by  an  increase, 
in  volume. 


TRANSFUSION  OF  BLOOD, 

Transfusion  is  tlic  physiological  introduction  of  blood  into  the  vascu- 
lar system  of  a  living  being. 

The  first  mention  of  direct  exchan^  of  blood  between  two  individuals  from 
vessel  to  vessel  iaJ«»  ut  baclc  to  the  time  i»f  Cardanus.  After  the  diicovcrj'  of 
the  eirctilation  of  the  blootl.  Potter  in  Kn^land  Bgaiii  calU-vl  attenti^w  to  the  prac- 
ticabitily  of  transfusion.  Numerouscxperiincntswirre  made  on  animals.  Attempts 
werr  made  bv  the  introducttou  of  frc^h  Ijluod  particularly  to  rcauscttaie  animals 
that  had  bled  to  death.  The  ph>'»i(:i!'l.  Bnyle.  im  well  as  the  anatomist.  Lower, 
took  an  especially  active  part  in  thc*e  experiments.  The  blood  of  the  same  or 
of  another  Hpeciea  was  used.  Tlic  tirst  transfusion  in  roan  was  prnctiaed  b>'  Jean 
Denis  in  Pans  in  1667  witli  lamb's  blood. 

(a)  The  crylhnxrytes  are  the  most  important  constituents  to  which  the  re- 
susciifttmji  power  of  the  blood  is  due.  They  retain  their  functions  even  after  the 
blood  has  iHX-n  dctilirinntcd.  The  changes  in  the  red  hlond^ells  produced  bv 
time  and  by  prolonged  exposure  to  high  temperatures  have  been  described  on 
p.  36. 

(6)  With  respect  to  ihr  Kases  contained  in  the  blond,  it  is  to  be  remembered 
that  oxyscnated  blood  under  no  ctrcumalancc  is  injurious.  Venous  blood  can. 
howr^viT,  be  infusedintothebloiid-vcsselsof  a  living  l>eing  without  injury,  pro%'ided 
the  rcspirBtion  is  suHicicut  to  artcrialisc  the  infused  blood  in  its  passage  through 
the  pulmonary  capillaries.  Under  such  circumstances  the  carbon  uioxidconiained 
in  the  blood  is  replaced  bv  oxygvn  in  the  process  of  respiration.  If  the  respiration, 
howe\*er,  IS  arrested  or  if  it  is  not  carried  on  with  sufficient  activity,  the  blood, 
still  rich  in  carbon  dioxid.  will  be  ccnvej-ed  10  the  teft  heart  and  on  through  the 
arteries  of  the  medulla  oblongata.  In  consequence  there  results  violent  imtatton 
o(  the  Centers  in  that  region,  (ullowed  later  by  paralysis  and  even  by  d*JllL 

(c)  The  fibrin  or  the  subst.inccs  firming  it  take 
activity  of  the  blood.     Therefore,  defibrinaled  blood 
of  assuming  with  equal  succcm  all  of  the  functions  tbi 
blood. 

(d)  Investigations,  e«Decially  by  Worm-Mftller 
system  (dojc)  is  capable  ol  taking  up  Bsi  exoeas  of 
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wiUinuc  Injurions  consequences,  h  follows  that  the  vasctiliir  s>-stoni  possesses 
to  a  certain  dtgree  the  pumvi  of  accomirto' Latins'  it^'H  to  lar^c  ' luntUitieii  of  Mood, 
just  us  it  is  known  to  noiuc^^  the  pi^wer  of  aitu];tiiif£  itself  Co  a.  dirmnUhcd  volume 
of  blood,  as,  for  example,  nftt-r  hcminThage, 

Transfusion  is  |>raciLiedr  1  In  caws  of  aeut«  anemia,  pspecially  after  r 
hvmorrhHtfc  when  it  is  *uilicientlj'  great  to  ihreaten  the  life  of  the  patient. 
The  object  under  such  circumstances  i»  to  replace  dirently  with  new  blood 
(from  150  to  500  cu.  cm.)  that  which  has  been  lost  and  is  nccessar>*  to  main' 
tain  life 

2  Incosesofpoisunin^  in  which  the  blood  has  been  vitiate<l  by  the  atlmix- 
ture  of  a  lojiic  substance  ^nd  has  thus  become  untit  to  maintain  the  v'ital 
functions,  a  latjtv  <)uAnlily  of  this  vitiated  blood  may  be  removed  bv  copious 
vene^ction  under  suitable  condittans  and  normal  blood  be  introdticod  into 
the  vessels  in  place  of  the  blood  withdrawn  {depUtory  Itamjuston).  The  chief 
form  of  intoxication  amenable  to  this  treatment  is  that  with  carbon  monoxid. 
Also  the  admixture  of  other  poisons  with  the  blood,  especially  tho«  that  dis- 
solve the  erythrturylM  or  that  cause  marked  metliemoKloliinemia,  aa,  (or  ex- 
ample, potassium  chlorate,  as  well  as  other  toxic  sub*taiici-»  (ether,  chloroform, 
chloral  hydrate,  opium,  morphin.  strychnin,  snake-venoni).  may  likewise  furnish 
an  in<lication  to  replace  the   poisoneil  mans  ul  blood  with  normtil  blood 

3,  t'ndcr  certain  morbid  conditions,  abnormal  states  of  the  blood  may 
develop  in  the  body  and  tbrcatcn  its  integrity:  these  may  afEcct  both  the  mor- 
pholojpcal  el<;ments.  and  the  composition  of  the  tilood.  Th<!  morbid  alterations 
in  the  constitution  o(  the  blood  include  poisoninR  fvith  urinary  constituent* 
(uremia),  wiih  bdiary  consl-itncnts  (choleinia)  and  with carbim  dioxid.  If  Kcvcre 
they  may  cause  death.  Therefore-,  in  desperate  cases  of  this  kind,  especially 
when  the  cause  is  a  temporary  one.  the  vitiated  blood  may  be  in  part  replaced 
by  normal  t)lood.  Whether  hyilnnnia,  ultKucythemia  and  pernicious  anemia  are 
intlications  for  transfusion  will  depend  on  tDe  correct  interpretation  of  the  under- 
lyioe  disi-ase. 

Betwcvn  a  quarter-hour  and  a  haU-bour  after  tran.tfuston.  in  accordance  witlt 
tbe  amount  of  biocd  introduced,  a  more  or  leas  violent  febrile  reaction  takes 
?lac«. 

The  npfrativf  procidtiri  varies  aecordinf;ly  aa  de6brinat«d  or  non -de  fibrin  a  ted 

bloud  is  cmployoii.      When  a  defibrnation  is  tn  be  practtned.  the  blood  obtained 

by  venes^'ct ion  from  a  healthy  human  being  is  collected  in  a  vpsscl  and  beaten 

with  a  small  md  until  the  tilJrin  has  tteen  completely  removed.     The  blood  is 

ihtQ  lillcretl  throuKh  ,in  atlux-tiltrr.  wilhuiit  prexsurr,  i«  hi-;iied  to  the  tem- 

pcrainrr  of  ibc  body  by  placing  the  vessel  in  warm  water,  and  it  is  conveyed 

inlc  the  opened  vessel  with  the  aid  0/  the  burct-infuscr  of  Landois  or  a  ayrinsi-. 

The  Vessel  selected  may  be  a  vein,  an.  fur  rxiimple,  ihc   biijiilic  at  the    bend 

of  the  elbow,  or  the  long  saphenous  vein  at  the  internal  malleolus,     Under  such 

circumstances  the  blood  is  injecled  in  the  direction  toward  the  bcart.     The 

blotxj  may  hi?  injected  also  into  an  arterj'  (the  radial  or  the   posterior  tibiatj. 

cither  in  the  ceninfuKnl  or  in  the  centripetal  direction.      In  any  event,  care  must 

be  exercised,  i-soecially  whm  the  bhuid  is  iniect^-d  into  the  veinK.to  guard  against 

"JJ*  cnirance  01  air,  aa  such  an  accident  might  even  cause  death.      Death  occurs 

wBen  ihc  Ait  that  \vm  entered  the  rijfht  heart  is  churned  up  into  froth  by  the 

^*th*^"i"^'**  ^^  ^'"^  heart  and  in  this  form  is  pumped  into  the  smaller  branches 

tftc  Ji^iser  cireulalion.  thus  arresting  the  flow  of  blood  through  the  lungs.     After 

^^'".leciii^n  uf  air  itito  the  arterial  syftiem  a  few  small  bubbles  of  air  may  possibly 

^^^'"roujfh  ilic  capillaries  of  the  greater  circulation  and  thus  be  found  ever>— 

emejy  ^  '         vessels      They    disappear  at    ■'•nee.    however,  because   the  oxygen 

J.  *pto  chemical  conibtnatiLin  ;ind  Ih*  nitroj-en  is  absorbed. 

^_.      ''''^jlirinated  blood  is  not  to  be  infused  the  divided  vein  of  the  donor  is 

I  >V  means  of  a  lube  with  the  vessel  of  the  recipient,  so  that  direct  trans- 

'-^    plarr      The  blood  may  also  be  talcen  up  with  an  oiled  Byringe,  to 

/    ,'  lies  not  adhere,  .ind  iransfu.sed  at  once  without  deli  or  ma  lion, 

T  .-e.  howc\'er.  is  attended  with  the  great  danijcr  that  coagula- 

p.aw;  during  the  operation,  in  consequence  of  whicn  blood-clots  may 

■xfuced  inio  the  circul,-ilion  tif  the  recipient.     The  resulting  otwtruc- 

"v-.f^.  so  the  possible  conveyance  oi  coagula  to  the  heart  and  into 

n.  may  even  threaten  hfe. 

">iMfuiiad  without  injurv  into  animals  the  non-coagulabia  blood 

'■i':\<-   after  removal  from  them  bv  stripping.     From 
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ibc  cephalic  extremity  of  the  leceh  hardened  m  alcohol,  dried  atid  pulvcriwd,  a 
decuctttm  can  be  prepnred  by  sidmixlure  with  o.<)  per  cent,  saline  solution  <otic 
bead  is  boiled  for  ten  minute*  with  6  «it.  cm.  of  a  saline  solution,  nnd  then  fillratton 
is  practised).  This  decocti'Mi.  when  mixed  in  the  proportion  ol  6  cu.  cm.  to  je 
eu.  cm.  of  blood  obtained  by  venesection,  suffices  to  maintain  the  latter  tn  a  fluid 
state.  The  mixture  will  not  coBgiilutC  for  )mm«  time  and  can  he  used  without  fear 
of  tniuiT'.      hv  this  inran«  the  dreaded  effect  of  the  fibrin-fnrnieni  may  be  avoided. 

In  Man  the  Injection  o!  Anutiai  Blood  11  Uniuslifiable  Mwler  Any  Ctrcumuanat, 
— Direct  imnAfusion  *if  biorxl  from  the  canitid  tit  a  lamb  inUi  the  brachial  vein 
of  a  man  was  formerly  employed  not  infrc<|uently  for  therapeutic  purposes.  It 
it  to  be  remembered,  however,  thot  the  rrj'throcytea  of  the  stieep  arc  rapidly 
dissolved  in  human  blood,  and  in  consequence  ;he  roost  elbcknt  constituents  o( 
the  tran.1  fused  blood  are  destrovcd.  In  a  general  wav,  it  is  found  that  the  blood- 
Bcritm  r>f  m^ny  mammala  has'a  rapid  hemoK-tie  effect  upon  the  blood-cons  of 
other  species  of  mammals.  Thus,  the  •enim  of  dog's  blood  has  a  rapid  and  tntente 
hencdyiic  action,  while  that  ot  the  horse  and  of  the  rabbit  is  relatively  slow  in 
action.  The  erythror>tes  of  mammals  possess  a  variaUe  power  of  resistance  to 
the  sera  of  other  species  of  mammals.  Thus,  the  erj-throcytcs  of  the  rabbit,  when 
[BtJird  Willi  the  blood  of  diinther  wpecieit,  are  readily  dissolved:  while  the  cells  of 
the  cat  and  the  dot;  exhibit  much  greater  resistance.  The  rapidity  mth  which 
erythrocytes  are  destroyed  in  the  blood  of  utothcf  species  is  proportional  to  the 
rapidil\'  u'ttli  »liit:h  the  blood-celts  of  the  blood  of  the  other  species  are  dissolved 
in  the  tlctid-senim  of  the  recipient.  Thus,  (or  instance,  rabbit's  blood  and  lamb's 
blood  dinintegmte  within  a  few  minutes  in  the  cirrulation  of  a  dog.  When  there 
is  a  difference  in  the  siie  of  the  blood-corpuBCles  of  the  two  spcvics.  the  hemolysis 
can  readily  be  observed  in  sjnall  specimens  of  blood  obtained  by  puncture.  As 
the  erythrocyiek  dissolve,  the  blood-plavma  if  Kiained  red  by  the  liberated  hemo- 
globin' A  portion  of  this  liberated  material  may  supply  the  demands  of  metabo- 
Dsm  in  the  body  of  the  recipient  and  be  utilized  for  katabolism  and  anabolism, 
while  pan  of  it  Is  uacd  up  in  the  fonnation  of  bile.  When,  however,  the  quantity 
of  hemoglobin  liberated  by  the  erythrocytes  is  considerable,  hcmo^obin  is  excreted 
in  the  urine,  and  to  a  less  extent  in  the  intestine,  in  the  ramificattons  ot  the  bron- 
chial tree  and  into  the  serous  cavities.  In  the  loet  the  hemoglobin  may  subse- 
quently tmdergo  absorption.  Thus,  in  man  hemoglobin uria  has  been  ob«er%'ed 
after  the  injection  of  more  than  too  gnvms  of  lamb's  blood. 

When  blood  from  another  species  is  tnmsfuaed  into  an  animal,  the  blood-eor- 
puKCk-s  of  the  latUT  may  undergo  partial  disintegration.  This  is  the  case  when 
the  erythrocytes  of  the  recipient  are  readily  soluble  in  the  serum  d  the  trans- 
fused blood  Upon  this  fact  depends  the  great  danger  of  irarukfunng  a  consider- 
able quantity  of  h<-lcTOEcj»eous  blond  into  the  rabbit,  whose  er\thnx:ytcs  >o 
readily  undergo  solution  The  same  thing  would  happen  if  a  dog^s  h4ood  were 
tran&hucd  into  the  veins  of  a  man.  In  animals  whose  erythrocytes  readily  un- 
derco  solution,  as.  (or  example,  the  rabbit,  the  injection  of  many  kinds  of  sera, 
ft«,  lor  example,  that  of  the  dog.  of  man.  of  the  pig,  of  sheep,  and  of  the  cat,  is 
followed  by  alarming  B\*mptomB.  in  accordance  with  the  quantity  of  blood  in- 
troduced, iianipiv;  acceleration  of  respiratory  frequency  to  the  point  of  dyronea, 
con VII Isi one.  and  even  death  from  asphyxia.  Under  such  eireumstances'afl  the 
stages  of  hemolysis  can  be  seen  in  a  specimen  of  blood  obtained  by  punctur*. 
Anunals  possessing  more  resistcnt  crytlirocytes.  such  as  dojcs.  tolerate  the  injec- 
tion of  heterogeneous  ser:!.  as.  for  example,  from  «heep.  neat  cattle,  horses  and 
pi^.  without  exhibiting  such  marked  symptoms.  The  injected  foreign  aerum. 
ncmg  of  feeble  potency,  is  disposed  of  in  the  circulation  of  the  recipient,  before 
it  has  time  to  attack,  nol  to  say  dissolve,  the  blood-cells  to  any  rreal  extent. 

The  pr«es»  of  hemolysis  is  accompanied  by  two  other  phenomena,  which 
render  the  transfusion  of  heterogeneous  mood  especially  dangerous :  t .  Before  the 
erythrocytes  are  dissolved,  they  usually  adhere  together  tenaciously  and  forro 
■mall  masses,  consisting  oif  from'  1  o  to  ?©  or  more  blood-cells,  which  are  obviously 
capable  ot  ohstntcling  Inrce  cnpillnry  arriis.  When  these  masses  have  been  present 
in  the  blood  for  some  lime  they  yield  up  iheir  hemoglobin,  leaving  only  the  fused 
remains  of  stroma.  This  fonns  a  viscid,  tenacious,  sirino'  masa  f stroma- fibrin t. 
which  likewise  may  occlude  the  smaller  vesoeb.  i.  The  sudden  appcoraiK*  of 
large  quantities  of  dissoI\-ed  hemoglobin  in  the  blood  of  an  animal  va»K  eaooe 
extensive  coagulation,  principullv  in  the  venous  rs-stem,  but  also  iri  the  larger 
vessels  throughout  a  comiderjible  extent.  The  processes  described  r»-iav  ^ffoduce 
dentil  either  stiddenly  or  after  ft  protracted  course,     DisscV  ■  '  '  ■  -^'E^oWin  causes 
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ill  the  ctfculation  the  diMoIution  of  nufn«fy>us  l&ultocyles,  ffo«n  whose  disinteKTation 
the  ti brio- facton  result.  ItiscuriouM  that  hemo}ilo&mexpo*ed  to  theni^^ndllftIly 
tO)l«s  l\iisi  property:  uIko  tibrui-ft-rint^nt  tii  cuniact  with  hiTnoglobin  is  gradually 
dcstroyrd  or  rcfidervd  inacttvc- 

An  Rumi^rous  tiinall  veuris  areoccIud«d  as  a  result  of  the  proceuei  describtrd.  tb« 
sijtn*  at  iTiiprdL'd  cirruhttion  and  of  otiutii  vil!  Imt  encmintereu  in  the  difFrTcnt  otgarifi 
of  the  body.  In  man,  the  injection  of  Inmb's  blood  is  followrd  by  a  blubh-red  dis- 
coloration of  the  skin.  Tin-  obstacles  cncuuniered  by  the  blood-currtnt  in  the  limp 
C«uem  dyspnea  or  even  lacerulioiiof  Uie  small  vessels  in  the  itir-passaMS  and  bloody 
expectoration,  The  dyspnea  may  inctvasc  if  imcrfcivncc  with  llie  (rec  ctrcuUtion 
of  the  blood  develops  at  the  respiratory  center.  The  digestive  organii.  for  the  Mime 
reason,  exhibit  increased  intestinal  pe'risiAt&ii,  diorrhoit.  evacuation  of  the  bowels, 
lenestmu.  vomiting  und  abdominni  puin.  Thuse  phenomena  are  explained  by  tho 
fact  that  any  dit^tiirhance  of  the  circulation  in  the  abdominal  vessels  i9  followed  by 
increased  peristaliic  movements.  In  the  kidneys  secondary  degeneration  of  the 
glandular  subktani-e  takes  place  in  consciiuence  of  occliivion  of  the  vriurlK.  The 
uriniferous  tubules  arc  occluded  by  casts  consisting  of  coagulated  albuminous 
material.  In  thn;  muscles  the  occlusion  of  numerous  vcaecls  may  cause  stilTiiess, 
or  even  rigidity  frvj/n  cotitcwlation  of  myosin,  just  im  in  Stenson's  experiment, 
together  with  increased  heat -production.  Also  the  nervous  system,  the  organs 
•A  speciul  Beii»e  and  the  heart  may  exhibit  various  disturbances,  all  of  which  caO 
be  attributed  to  the  occlusion  of  vessel*  and  the  resulting  interference  with  th« 
circulation.  It  is  intcrMiting  to  note  that  the  transfusion  of  foreign  blood  ia 
followed  as  a  rule  within  half  an  hour  by  1  lie  development  of  active  fever.  Finally, 
It  should  be  mentioned  that  lacerations  of  the  ves*eVwalls  have  also  been  observed. 
These  explain  the  obstinate  hemorrhages  that  may  occur  not  only  on  the  fn^e 
SorfAocs  of  mucous  and  serous  mt-mbraJies,  but  also  in  the  parenchyma  of  organs, 
as  wel)  as  in  sorgical  wounds.  The  blood  itself  coagulates  slowly  and  imperfectly. 
By  far  most  of  the  facts  bearing  od  the  lransfii.sion  of  lirteroce neons  blood  that 
luVB  been  mentioned  were  di8CO\'ercd  through  Landois'  investigations. 

Attempts  to  inject  other  substances  instead  of  blood  arc  not  to  be  comtncncJed : 
from  o.js  per  cent,  to  c.ij  per  cent,  saline  solution,  while  capable  of  improving 
the  circulatory  conditions  in  a  purely  mochanieal'WAy,  and  thus  exerting  a  favora- 
ble influence,  is  obviously  incapable  of  supporting  hfe  in  cases  of  severe  anemia, 
in  which  the  quantity  of  blood  remaining  in  the  body  is  insulfieient  to  nmintain 
the  vital  processes. 


THE  DUCTLESS  GLANDS.    INTERNAL  SECRETIONS. 

Within  comparatively  recent  times  there  has  been  attributed  to  the 
ductless  glauds,  wiiose  acliviiy  is  still,  for  the  mo5t  part,  sht^uded  in 
obscurity,  a  special  and  important  (unction,  namely,  the  production  of 
substances  that  enter  the  circulation  and  there  in  some  peculiar  way 
excite  certain  activities,  or  render  innocuo-u.s  certain  poisonous  .sub- 
stances generated  in  the  process  of  inctabolism.  either  by  destroying 
these  or  by  manufacturing  an  antidote.     In  a  similar  manner  it  has  been 
asserted  of  a  number  of  other  organs  in  the  body  that,  in  addition  to 
their  special  (unction,  they  exert  .in  important  influence  on  the  economy 
W  means  of  such  internal  secretion.     Thus,  Brown-S*iquard  and  d'Ar- 
umval  asserted  that  the  kidneys  are  in  part  concerned  in  rendering 
innocuous  the  toxic  substances  that   accumulate  in  the  body  after 
ocpluectomy;    Tigerstedl  and  HcrEman.  that  the    kidneys  produce  a 
substance — renin^lhat  increases  the  hlond-pres-iure  and  has  a  powerful 
iofiucnce  on    the    peripheral    ner\'e-centcrs.      The    substances    under 
Consideration  can  be  obtained  from  the  corresponding  organs  in  the 
form  of  extracts  and  their  action  can  then  be  tested  upon  the  animal 
hody. 

/^hc  3f4ttn  is  contained  in  a  liTTn  fibmuB  cnpsule,  which  at  the  liitus  gives  off 
<n  inv««tineDt  (or  ibe  entering  blood-vessels,     from  the  inner  surface  o(  the  cap- 
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gelatin,  albumin,  sodium  albiuninute,  sugar  and  fat — leucin.  thytnus-nucletnic  acid, 
xantliin,  liypoxanthin:  formic,  iicviic.  Inityric.  lactic,  and  succinic  adds.  In  the 
ash,  potiLssium  iind  phosphoric  acid  preponderate  ovrr  Kodium,  calcium,  mafnesium 
(ammonium  ?) .  chlonn,  and  aulphunc  acid. 

HAttrpation  «f  ilic  tlivmua  gUuid  in  the  Uog  is  fatal.  According  to  Svuhla  tbe 
inlution  of  thymu*  jtiicc  causes  a  fall  of  blood- pressure  and  acceleration  of  puUc, 
while  large  doses  are  fntftl. 

The  Utvfoid  giattd  is  an  organ  provided  with  vasomotor  and  secretomotor 
nerves,  and  composed  of  a  ridily  cellular  connective-tissue  framework,  containing 
closed  circular  iir  oval  acini  (from  o.o.i  to  o.i  tnm.  in  diaiiitirr),  which  in  the 
emteyo  and  the  nt-w-bom  are  lined  with  a  single  layer  of  nucleated.  Kr^nular, 
caboidal  ceils.  In  50  per  cent,  of  all  subjecui  accessory  thyroid  glancu,  up  to 
four,  are  associated  with  the  main  fland:  a  aimiU  detuched  sLind  is  occasionally 
found  in  front  of  the  dcsccndine  aorta.  In  addition,  accumulations  of  epithelial 
cells  arc  found  in  the  acini  and,  in  cmbr>'os.  also  beneath  the  common  cupAulv, 
From  liirth  the  cell*  secrete  a  colloid  substance  by  a  trunafomiation  of  their  proto- 
.placm,  at  the  xame  time  undergoing  morphological  change*.  Some  of  the  cells 
are  destroyed  in  this  process  of  colloid  degeneration. 

The  acini  of  the  thyroid  gland  evacuate  their  contents  in  part  by  rupture, 
with  destruction  of  the  epilhehum,  in  part,  m  the  process  of  pure  colloid-produc* 
tion,  by  secretion  into  the  intercellular  interstices^  and  in  this  way  the  secretion 
reaches  the  interfollicular  Ivmph-spaccs  and  then  the  blood. 

Blood-vessels  of  considerable  stse  and  iniportajicc  enter  the  organ.  Lymph- 
vessels  partly  begin  in  the  intt^rior  among  the  acini,  and  partly  form  a  network  in 
the  capsule  that  surrounds  the  entire  organ. 

The  constitucn(«  of  the  thyroid  gland  are  colloid,  nuckoalbumin,  iodolhyrin. 
leucin,  xnnthin;  lactic,  succinic,  and  volatile  fatty  acids. 

According  to  SchilT,  Zesas,  J,  WagniT  And  other*,  extirfwtion  of  the  thyroid 
gland  is  followed  by  death,  with  the  s>'mpti>ms  of  chronic  intoxication.  Dysphagia, 
vomiting  and  digestive  disturbances,  acceleration  of  the  breathing:  later  dyspnea, 
alteration  of  the  action  of  the  heuri,  Mimnolence.  slow  and  hctitatinf!  movements 
with  fibrillar  twitchings.  which  may  goon  tointrrmitlcnt  tonic  convulsions  (tetany), 
palsiirs,  aluraitons  in  cutaneous  sensibility,  desquamation  of  thic  skin,  lowering  of 
the  bodyumpi-rjitun;  and  of  the  blood -prcsaurc.  arc  the  symptoms  that  precede 
death.  vMbummuria.  reduction  of  the  amount  of  oxygen  in  the  arterial  blood 
and  dene ncr at !<.•»»  in  the  central  and  peripheral  ncrx'ous  system  were  observed  by 
Albcrtoni  and  Titeoni.  I^anghant,  Kopp  and  Capobianco.  In  mnn,  also,  toted 
extirpation  of  the  thyroid  ^and  (cachexia  strumipnva)  is  a  serious  matter  and 
often  terminates  fatally  from  tetany. 

The  morbid  phenomena  may  be  counieracled,  at  least  temporarily,  by  the 
internal  ad  mi  iuki  ration  of  fresh  or  dry  thyroid-gland  subxunce.  or  by  the  sub- 
cutaneous injection  of  thyroid-gland  extract  or  iodothyrin.  The  n'mptoms  may 
be  prevented  by  grafting  a  thyroid  gland  successfully  in  some  other  portion  of 
the  1>iidy,  and  pimnitting  the  organ  to  fnrin  adhtHions.  These  facts  proire  that 
the  thyroid  gland  produces  a  sut^ancc  that  is  indisnensabk  for  normal  roctabo* 
lisin.  Stated  more  accurately,  the  function  of  the  tnyroid  gland  is  to  neutralise 
a  substance  produced  in  the  body,  the  accumulation  of  which  has  a  toxic  influence 
on  the  nervous  system. 

The  accvaaory  thyroid  glands  and  the  h>'P'Dphysis  appear  to  possess  similar 
(unctions:  thev  undergo  compensator^'  hypertrophy  after  extirpation  of  the  tby- 
roi<1  Kland.  Other  investigators  attribute  the  condition  known  as  myxedema, 
that  IS.  mucoid  infiltration  of  the  sul)CUtancou«  tissues  of  the  head  and  neck,  with 

!>rofound  disturbances  of  the  nervous  system,  to  the  point  of  idiocy,  to  toss  of  the 
unction  of  the  thyroid. 

En>ccially  noteworthy  is  the  enlargement  "f  the  thyniid  gland,  together  with 
ttie  palpitation  of  the  heart  and  protrusion  of  the  eyeball;',  in  the  condition  known 
as  exophthalmic  goiter,  which  apoe&rs  to  l>e  due  to  simultaneous  (toxtc?t  irritation 
of  the  accelerator  nerve  of  the  heart,  the  sj'mpathetic  fibers  of  the  unslnaled 
moaeles  in  the  orbit  and  in  the  ey«lids,  as  well  ns  of  the  dilator  nerves  of  the 
vunis  of  the  thyroid  gland.  Myxedema  and  exoj)htha1mic  goiter  svcm  to  stand 
in  a  certain  antagonistic  relation  to  each  other,  the  former  depending  on  diminished, 
the  latter  on  augmented,  activity  of  the  thyroid  gland  (hence  estin-'i^"'"  ha»  been 
recommended  in  cases  of  exophthalmic  goiter).  Landois  observe')  m  d'tgt  thai 
had  been  fed  on  thyroid  glands  a  marked  increase  in  the  number  and  force  of  the 
cardiac  contractions.    Tna  ingestion  of  thyroid  gland  causes  an  increased  coa- 
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sumption  of  oxyjjen  and  therefoiv  a  more  rapid  brcAlcin)];  down  o(  the  tissae*  {tor 
which  reason  it  is  a  familiar  ThcrnpfitUic  procedure  forrcdMcing  weight).  Aw-ording 
to  SchOndorfi  the  body-fat  is  first  tran!ifofm«d.  the  albumin  not  being  attacked  until 
the  (at  has  been  reduced  to  a  certain  mmtinum.  Thesubitaoce  Ototelyf)  active 
in  this  connection  is  iodoihyrin.  a  Ixxly  preparsd  in  i8d6  by  Baiimann,  and  con- 
taining iiitn:>gen.  phosphorus,  and  iodin.  In  some  localities  marked  cnlar^mcnt 
of  ihc  thyroid  gland  (goiter)  is  quits  common,  and  is  not  infrcqLicntly  associated 
w'th  idiocy  ana  cretinism.  In  those  cases  in  which  the  goiter  ts  diejiignated  a 
follicular  h^'pcrplosia  of  the  thyroid  gLand.  the  condition  c^n  be  made  to  disappear 
bv  the  administ ration  of  proparationq  of  the  thyroid  glxnd.  Fr  Hofmei^lcrfound, 
alter  extirpation  of  the  thyroid  gland  in  rabbits,  degeneration  in  lh*>  carcilagps  and 
disturbances  in  tht-  crontfc  of  the  bones. 

Accordirg  tfj  Gcgcubaur  the  tli)Tnid  gland  is  an  actively  functionating  organ 
in  some  of  the  remote  orders  of  animals  (for  example,  amons  the  timi.cates,  in 
which  it  appears  as  a  groove  and  secretes  a  digestive  juice) ,  wliich  in  vertebrates 
has  undergone  involution. 

The  suprartnai  bodUs  consist  of  a  medullary  and  k  cortical  layer,  and  contain 
compartments  formed  by  connective  ti.nsuc  and  bounded  by  blood-vessels,  lii 
the  cortical  layer  the  compartments  are  oblong  and  radiule.  while  in  the  medullary 
layer  they  arc  rather  circular.  The  former  conlain  (embetided  in  a  reticulum) 
polyhedral,  nucleated,  protoplasmic  cells  without  walls,  the  substancp  of  which 
contains  pigment  and  fat-granules,  and  is  darker  and  more  resistent  than  that 
of  the  me<lullary  cells.  The  medullary  layer  contains  also  small  and  multipolar, 
large  sj'mpathctic  nerve-cells.  Roth  curtex  and  mc-diilla  are  richly  suppheJ  with 
nerve-fibers     The  btood-vcsscls  arc  relatively  abundant. 

The  supranrnal  bodies  contain  tlie  ciinitiiuents  of  connective  and  of  nervous 
tissue,  besides  Icucin,  h>-po  tan  thin,  bcniolc  and  taurochoHc  acids,  taurin,  inosite, 
fat  and  pigment- forming  bodies.  Of  inorganic  substances  potassium  and  phos- 
phoric iicid  prepondc-T&te. 

The  function  of  the  suprarenal  bodie.'j  is  practically  unknown.  After  extirpa- 
tion of  one  Buprarenal  body,  the  other  undergoes  hypertrophy  to  double  its  original 
size.  Bilateral  extirpation  ia  followed  by  death,  with  the  sj-mptoms  i>f  poisoning 
and  paralysis.  These  symptoms,  however,  do  not  develop  if  a  small  piece  is 
allowed  to  remain.  It  appears,  therefore,  that  the  suprarenal  bodies  also  are 
designed  to  destroy  a  poisonous  substance  in  the  body,  which  exhibits  its  injuriotis 
effects  after  extirpation  of  the  glandt.  The  injection  of  a  water>'  extract  of  suprs' 
fenal  body  is  said  to  arrest  temporarily  the  toxic  symptoms  that  make  ineir 
^ipcanuicc  oixct  extirpation. 

Injection  of  the  extiuel  obtained  from  the  medullary  substance  of  healthy 
animau  (and  which  doet  not  contain  albumm  and  is  soluble  in  alcohol)  gives  rise 
to  tnnrked  contraction  of  the  arteries  and  increase  In  blood -pressure,  slowing  of 
tlie  pulse  by  central  stimulation  of  the  vagus,  or  even  arrest  of  the  auricles.  Mtcr 
section  of  the  vagi  the  heart  again  becomes  more  rapid  and  stronger,  owing  to  the 
action  of  the  drug  on  the  siibisijnce  of  the  heart  iltelf.  The  extract  has  Che  same 
constriclmg  effect  on  small  blood-vessels  and  h«ice  raises  the  blood-pressure.  The 
splanchnic  Ilc^^-c  contains  vasodilator  and  accretoiy  tiben  for  the  organ.  The 
breathing  is  supcrHciol  and  accelerated.  I,<arge  doses  injected  intravenously  cause 
death  througli  cnfceblement  of  the  central  nervous  system,  dyspnea,  and  cardiac 
pBffvJysis.     in  frogs  muscular  paralysis  leauUa. 

Brown-S6quard  believed  that  one  of  the  functions  of  the  suprarenal  bodies 
is  to  inhibit  excessive  pigment -formation.  In  agreement  with  this  view,  Tizsoni 
fotind,  after  extirpation  ot  the  organs  (in  rabbits),  abnormal  pigmentations,  espe- 
cially on  the  lips,  and  Boinet  in  the  blood  and  Euboutaneous  cellular  tissues  (of 
'*'^''  u  ^""'"''ois  '"  which  ervthrocyict  are  dissolved  and  converted  into  pig- 
'"'^'if  *,"P""^"*1  bodies  are  ioimd  to  be  especially  rich  in  pigment.  In  the 
medullary  la>xr  a  substance  is  formed  that  bocORiea  brown  when  exposed  to  the 
atr  or  brought  in  contact  n-ith  alkaline  tissues.  In  man  the  skin  often  presents  a 
kS"«  Rifffx^iUtkin  (broHMd  skin,  AdJisoo's  disease)  when  the  suprarenal 
Dooica  and  tJieif  cap«ules  have  undei^tone  (tuberculous)  degeneration.  In  hcmi- 
^fV^- I    '  J""?"****"  the  organs  arc  atrophic,  «vcn  when  only  the  anterior  lialves 

J5,!jff^'^««r?  »«  absent, 
^Q,„     ,  r"     ■  -  ■  i~  I    ■  '  Ti.ijfJ  —But  little  is  known 

(dp  Listcriar  portion  belongs  to 

br  c«{«ccj,^"^j.  ;■■  ""■"  "^^    *  ~     '^^^^  extent,  disp&ced 

'        •«««<'■    *.U«ic  Bi  portion  represents  a 
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constricted  off  and  moditicd  part  of  the  invaginatod  mtKous  membiane  of  the 
[ibikT^nx  and  contttiiis  Kl»>i<^uUr  ducts  wiili  clear  or  dark  c«lls.  The  extract  ob- 
taiiii-d  irvm  the  pituiliiry  bud>'  contains  iodiii  and  cau^s  an  uicrcatM;  in  the  blood- 
prcMurc,  which,  howrv«r,  ir  1tu  than  that  cau>«d  liy  an  extract  of  suprarenal 
glnnd ;  the  heart-l>eai  beciMvios  slower  and  nio«-  forcible. 

The  function  of  the  coccygi!al  gland,  which  U  situated  at  the  extremity  o(  the 
coccyx,  i»  unknown. 

The  carotid  gland,  which  ixxrurs  in  m;in  and  maimniils,  ami  cimtainx  a  ctin- 
volutcd  plcxuB  consisting  of  intricately  anasiom^isinE  capiltaries  within  an  cpithc 
lioid  cellular  ntua».  supnurted  by  a  reticulum,  bm  teen  compAitd  by  Stilling  to 
the  suprarenal  bodies.     lt«funci>on  is  unknown. 

COMPARATIVE. 

The  henrt  in  Ashes  (Fig.  74.  /)  and  in  the  gitl-ttearing  larvjc  i4  amphibia  it 
a  simple  venous  org»n.  consisiing  of  suriclrnnd  vcniricle.  The  latter Mrnds  the 
blood  to  the  gills,  where  it  is  arterialucd,   and  piu&ing  to  the  ^orta   it   is  dis- 
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Pl«.  T4  —Diunitimiiilc  tUprnaMiioD  ol  tlw  Cimiluion.    /,  la  fbii:  a.  suritk  wiiL  ihr  linua  tbkkwi  (n\ 
f .  vtPtridc:  /t.twlbfdlbe  ■■»!■',  r.  brancliiiil  ailirin:  t  ■.  Iinnihial  •<«■«<«:  P,  I'TaijihtiW  vtiai'.JS;.ciRillM 

pcaKrior  onUruI  ivin,  /..  rainlnl  n-in;  .11  U,  X'tlfi-n.  it.  In  \)ir  Fmt:  /,  umj*  irnintii.-,  //,  li^  ■Mlidel 
//J.  Ml  burldciil'.yrAtricle-:  V.  cmiimun  tnint  vf  vie  n-vta  uhI  hnih,  giTui(uSih«  ^llinvin£:  t,  pulnnavj 
Miaiai   I,  arth  ol  ihc  wmjii    },  ufuiKl  nnnic*,  «.  liuitiwl  annla  (5  nnMiil  cUwl):  6,  ujUut  uirftai: 

f,  aDfnmaB  lam:  &.  »U>t  uUr>L  «.  •mianMiut  *nen<i;  •-.  pulnuuiy  nAu:  r  ^,  lunc^  fff  tnHtihaii 
,  riglii  »urlclf  wlih  vuLc  u>>;  //.  riilii  vrairulc.  ///,  IcRdiivicIci  /t'.Ufi  •rniiiJc;  I'  iiiiiiiiii  iiiiiwiia 
•Mt>:  t,  pulnuituFjr  tiuvr:  s.  *nh  el  ilir  iiuru:  .t.  i:»r«lil  anrnHi  1.  ununiiv  cammcn  •Mis;  %,  cbUm 
tnfj'.  6,  iu)Kl>>iin  MWnc*;  7.  (julmonnry  aRrTid;  8,  luiMp.  /■'.  In  Tunic*:  /.  nabt  •aikla  vftb  tmh 
ots,  7/.  rifbiitiiiiltlc  ///.  Idiumilr;  rt'.  Icli*D&iiidt.  (.lUJiiuvu.  i.kfiMiit*;  1,  poniHta  (miinMi 
•MU;  4.  teuu  *XcfYi  j,  wbdavfaa  ulcrie*;  6,  laralid  alttria,  },  {nJaxnuiy  arttrn;  t,  [iiiliii  iimj  iijiii. 


tribnied  to  all  i»rt»  of  the  btxW.  n-tumine  linally  thnniijih  the  rapillaries  aad 
the  reins  to  the  auricle.  The  amphibia  (froe.  If)  have  two  auricles  and  one  vco- 
tricU.     Prom  the  Utter  there  arises  a  sincle  vessel,  which,  after  iiiving  oti  tbr 
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pulmonary  nrtcrjes.  liccomes  the  aorta  and  suppliw  all  ihe  oreiins  o(  Ihe  b*dy. 
The  veini  of  iho  grcBMrciivulft.titir  cmntv  into  thi-  right,  Ihrfce  oi  the  Icittr  eireu- 
latiDfi  into  ihp  left,  aunrlc.  Fishfs  and  amphibia  possess  a  <iiImrH  hulbiis  arlcrin- 
sds  at  the  begitiDuiK  of  the  auna:  and  this  la  partly  coverpd  with  siroriR  muscular 
liuue.  Among  rvptiln;  the  Knunans  (///)  [hkkcks  two  separate  auiicle«,  1>ut  the 
two  ventricles  an;  only  imperfcctlv  dividrd.  Thr  aorta  antl  puhnonary  aOcn- 
aruc  separately  Irom  the  latter.  t"hc  venous  blood  of  the  greater  and  the  lesser 
cirralatiun,  whii-.h  flows  !>«parat<:lY  into  the  riuht  aiid  the  left  auricle,  liccomeft 
mt&rd  in  the  cavity  vi  the  v-cntriclc,  In  tome  reptiles,  however,  the  ojicniiiE  m 
Uac  ventricular  septum  appears  to  be  capable  oi  (voluntary  or  rctlcx^i  cloture. 
Tbc  complete  Bcparation  of  th«  two  halv^  oi  the  heart  in  turtles  U  showii  in 
Fir.  /I^-  The  lower  vertebrate*  pMiess  vnlves  at  the  onfiee  oi  the  ^-ena  cava, 
whieh  arc  rudimenLnry  in  bink  and  in  srnnc  ot  ih<^  mammnlit.  All  lnrd«  and 
tnamtnals.  like  man.  possess  two  separate  au del es  and  two  separate  venlhclrs.  In 
tpe  halicore.  a  graininivonni*  marine  animal  resembling  the  whale,  the  vemnctilar 
pOTtton  oi  the  heart  is  divided  hy  a  deep  elefl  intn  iwn  hah'e«.  In  l>ats  the  veins 
of  the  wings  pulsate.  The  lowest  of  all  vertebrates,  the  amphtoxus.  has  no  heart 
at  all.  but  rhythmically  contracting  vessels. 

Of  the  tliictleifn  clnnd.^,  the  thymtis  anil  the  Milcen  are  found  cion^Lanily  in 
vertebrates.     The  latter  is  wantinR  onlv  m  the  amphioxus  and  in  a  few  iuhcs. 

Among  invert e Wales  closed  JjIolkI -channels  wiili  pulsating  mm-emenis  are 
only  foond  occasionally,  as,  for  cxampk.  in  the  echinoderms  (sea -urchin,  etar-lish. 
bolethunans)  and  in  the  higher  worms.  Insectc  pouo&t  in  the  dorsal  region  a 
ccsttral  cirrulatorj'  organ  (the  "dnrMil  v>;S!wl"K  a  eontractile,  loti^liidinnl  duct, 
capable,  by  virtue  of  its  muscle -fibers,  of  dilating,  and  provided  with  valvM— " 
Wluch  propels  tlie  blood  rhylhmic.illv  nili>  the  interstices  of  all  the  organs  Insacta 
have  no  cloS".-d  circulation.  Shell-tTsh  .imt  KnaiU  hiive  a  heart  and  lacunar  blood* 
channels.  CcphaIc^K>ds  (sepia,  cuttle-iish)  have  three  hearts:  an  arterial,  simple 
Ixxly-heart.  and  two  venous.  siitJiilc  hranohial  hearts,  one  st  the  l«asc  of  cacti  eill. 
The  circulation  in  most  of  these  aiiimul.i  i»  closed.  The  luwcst  animal.i  have 
either  (multiple)  pulsating  vacuole?,  which  jiroiwl  the  colorless  (blood-)juicc  into 
the  soft  body -parenchyma ,  like  the  iiifunona;  or  tliey  are  totally  devoid  of  any 
kind  tii  vnseufnr  apparatiii.  the  eireiilBtion  of  the  juiees  bemg  effeeted  by  the 
movements  of  the  bnHy  (gregarinesi  In  thi-  grfiup  of  celentrTHtM  ip<iH-p*.  jellv- 
fish)  there  is  a  "  water- vatcular  system."  which  conveys  the  nutritive  juice  directly 
frtwi  the  di^estivr  eavity,  and.  iit  The  s-ame  lime,  ael>.  as  a  tenpiratcwy  orsaii.  as 
Cbc  water  (which  oantaJti's  oxygen]  passci;  through  the  Bysie4n  of  tubes. 


HISTORICAL. 

The  aneients  (Empedocles,  horn  47^  B.  C.)  ^^•e^<■  familiar  with  the  movement 
of  the  blood,  but  were  igniiraiil  of  the  "circulation  "'  .Accnrding  to  An«totle 
(,^B4  B.  C)  the  heart,  the  .icropolis  ot  the  body  (which  is  prL-ient  in  every  blood- 
animal),  prepares  the  blond  witlun  its  cavities  and  sends  it  thruugli  Iheaneries 
as  a  nulnent  flnirl  to  all  the  dilTcreni  parts  vt  the  lH>dy,  like  a  syntem  of  constantly 
dividing  brooks,  irrigatmg  the  land  and  moistening  and  fertiliiing  it  The  blood 
however,  never  flows  Ivick  m  the  licart. 

Praxagora.s  <3.|t  B,  C.)  n.nnicd  the  "arteries"  (;w  well  as  the  trachea):  he  was 
tbc  fiTft  to  distinguish  arteries  Irom  veins.  ToKcther  with  Herophilus  and  Erasis- 
tratus  (joo  H.  0 .  t}ic  famous  physicians  of  the  Alexandrian  school .  he  is  responsible 
for  the  erroneous  view,  based  on  the  fact  that  arteries  are  empty  after  death. 
that  the  arteries  contain  air  conve\-eil  to  them  through  the  resipiration  (hence  the 
name  "arti^ry")  Galen  (itt-ao^  A.  I>  )  refvited  this  error  by  vi  vised  ion  When- 
ever." he  says.  "I  injured  an  artery  I  saw  blond  escape  .\nd  when  I  tied  a 
porliiin  of  an  artery  bv  ineamc  of  two  liKatnroi  at  either  exiremtly.  I  showed  that 
the  includcil  portion  was  full  of  blood." 

Even  tlirn  the  theory  of  the  exclusively  ccitlrifugal  movement  of  the  Mood 
wa«  maintuincd;  it  was  errone'ju.slv  .-'uppiised  that  comniunicatini:  arificcs  exutcd 
m  the  septum  between  the  nght  and  the  left  heart. 

Mipuel  S^veto  {a  Spanish  monk,  who  was  biirtied  «s  a  heretic  in  Geneva  in 

'  =  -  '  ^n'fl  tnstigiitionl  "a";  thr  nrst  ro  show  that  the  septum  of  the  heart 

""  "gs.     He.  therclore.  ncarvhed  for  a  communieation  between  the  nghl 

»n'i  ..--  p  1 :  Itoart  and  thus  sucefi-di-d,  in  1 1:46.  in  discovering  the  Ie*M^r  circulation: 

ti%  autuia  canuntinicatto  liaec  non  per  parietem  cordifi  medium  (septum) .  ul  vulgo 
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crcdituT.  scd  magno  ortiticio  a  cordis  dcxtro  ventriculo.  longo  perpultnones  ductiL,. 
agiiulur  tmnxuin  mbtilis;  »  pulinaiiibiui  praeponitiir.  Ilavus  e^cttur  et  n  vena 
iLrtcncKta  (Artcna  pulmoiutlw)  in  ulcnatn  vcnocoin  (Venae  pulmoimlcs}  trans- 
tundiUir"  AlitvMt  a  (jtuirtc-r  »{  s  c«ti(ury  laU-r,  io  i  $89,  Cae«alpinus  trac«d  the 
COurs*  ol  til*  greater  circiilution.  He  was' the  first  to  use  tli«  word  ■•circulation  " 
Later.  Fabnciu*  ah  Aquapendente  (Padua,  1574)  also  reco^iiicd  and  eonlirmed 
the  centripetal  ni«Vi-mc«i  ol  thr  blood  in  the  veins  (which  until  that  time  waa 
almost  universally  believed  to  be  ccntrihiga],  although  Vccaliiis  was  (amiUar 
with  the  centripetal  current  in  the  niain  Cninki)  from  the  position  of  the  valves 
in  the  veins,  of  which  he  made  an  accurate  study.  althouKh  they  bad  been  men* 
tioned  in  the  middle  of  the  tifth  century  after  Christ  bj*  Thcodorctus,  Bishop  oE 
Syria,  also  by  Sylvius,  by  Vcsaliua  (15141  andby  Canani  ti540)-  William  Karvcy, 
a  pupil  of  Fubricius  (until  1&04),  linally  coii.-ttruclcd.  between  the  years  1616  aixl 
1619.  partly  from  his  ovrn  mvrstientions  and  portly  from  the  results  of  former 
observer*,  ihc  picture  of  th«  circuTatirtn  M  the  blood,  the  grcat«t  physiological 
achievement.  «^ich  was  pub1i<ihed  in  16}$  and  marks  a  new  epoch  in  pnysiologv. 

With  respect  to  individual  features  of  the  va-tcular  system,  the  following  is 
yei  wtwihy  01  mention:  According  lo  Ilippfxratw  the  he-art  is  a  Heshy  or^an  and 
the  root  01  all  the  vessels;  he  was  familiar  with  the  large  vessels  orifinatmii;  from 
the  heart,  the  valves,  the  chords  lcndine«,  tlie  auricles,  and  the  dosure  of  the 
semilunar  valves.  Aristotle  drst  named  the  aorU  and  the  ven«e  cavw.  the  school 
of  £ra.s)stratus  the  carotid;  the  latter  also  explained  the  function  of  the  venous 
valves.  In  Cicero  mention  is  made  of  tlic  distwclion  between  arteries  and  veins. 
Celsus,  in  the  hfth  century  after  Chnvt.  pointed  out  that  the  veins,  when  opened 
below  a  compressini;  bandage,  bleed.  Aretaeus  ((;o  A.  D.)  bnew  that  arterial 
blood  is  bright  red  and  venous  blood  darlc.  Pliny'(died  79  A,  D.)  described  the 
polsBltng  fontanel  in  man.  The  presence  of  a  bone  m  the  septum  of  ]»i^  mam- 
mals  (ox.  stag,  elephant)  was  known  to  (^l«m  (131-303  A  D ).  In  his  opinion 
the  veitw  ultimately  communicate  with  thi-  arti-ries  by  means  of  the  finest  tubes, 
and  this  view  was  Inter  continued  by  dc  Marchctiis  (1O5])  and  Btancard  (t676) 
with  the  aid  of  injections,  and  by  Malpichi,  who  made  [aicroscoptc  observations 
of  the  circulation  of  the  blood  in  cola-ltlooded  animals,  as  well  «a  by  WiDiam 
Cowper  (1697) ,  who  made  similar  observations  on  waim-bloodcd  animals.  Stcoaon, 
who  was  bom  in  163S,  lirtt  demonstrated  the  muscular  nature  of  the  heart,  al- 
thouRh  a  statement  to  hke  effect  had  already  been  made  by  the  Kippocratic  and 
Alexandrian  schools  Cole  dcninnst rated  the  progressive  increase  in  th<r  width  of 
t)ia  arterial  area  as  the  cap  ill  ar>'  region  is  approached.  Job.  Alfons  Borclli  (ifroS— 
1^79)  was  the  first  to  estimate  tlie  power  of  the  heart  according  to  the  laws  ai 
hydraulics.  Craanen,  ic  1685.  descnbed  systolic  contracumu  in  the  pulmooanr 
veins:  Leeuwcnhocck  (ibq4l  the  anatomical  arrangrmetit  of  the  heart-muscte 
fibers  among  ihcmst-lves.  Chirac,  in  160S.  ligatcd  a  coronar>*  artery  of  ihc  heart 
to  a  dogi  without,  it  is  true,  producing  any  result. 

Accordins  to  Aristotle,  turtles  can  live  for  a  short  time  after  the  heart  has 
been  removrsl. 

Uany  of  the  ancients  (the  Israelites.  Empcdocles.  Kntias,  Lucrstiiin)  believed 
that  the  vital  principle  of  the  body,  and  evt'n  the  soul  (Aristotle  and  Galen) .  had 
its  seat  in  the  blood.  Aristotle  was  fainiliar  with  the  poisonous  effects  ol  the 
v»por  of  burning  charcoal:  Porcia  voluntarily  chose  10  die  by  inhaling  it.  Vene- 
section  was  practised  bv  Greek  physicians  soon  after  the  Troian  war. 

The  iron  in  the  rei^  blood -corpiuclc«  was  discovered  by  Mcnghini  in  1*46. 


PHYSIOLOGY  OF  RESPIRATION. 


OBJECTS  AND  SUBDIVISIONS. 

The  puri>ose  of  respiration  is  to  convey  to  the  body  the  oxygen 
necessary  for  its  oxidation -processes,  as  well  as  to  remove  the  carbon 
dioxid  resulting  from  the  combustion  processes.  The  activity  required 
(or  this  purpose  is  most  effectively  rendered  by  tlie  lungs.  A  distinction 
is  made  between  external  and  internal  respiration.  The  first  embraces 
the  exchange  of  gases  between  the  outer  air  and  the  gases  of  the  blood 
contained  in  the  respiratory  organs  (lungs  and  skin};  the  second  in- 
cludes the  exchange  of  gases  between  the  capillary  blood  of  the  systemic 
circulation  and  the  body  tissues. 

STRUCTURE  OF  THE  AIR-PASSAGES  AND  THE  LUNGS. 

The  lun^  are  compound  tubular  (gmpe^like ?j  glands  that  secrete  carbon 
Oioxid.  and  vach  of  whicn  svnds  its  excretory  duct  (bronchus}  to  the  common  air- 
passass,  the  irach«a. 

The  ifock*-a  has  for  its  foundation  a  number  of  C-shaped,  superposed,  hya- 
line, cartilajpnoux  archt-s.  hvlti  toKcther  by  a  riaid  fihrou.t  membrane  of  closely 
woven  clastic  network,  intcrmi-xcd  with  connective  tissue,  arranged  principally 
in  a  lonKitudiniki  iliructioii.  The  cartilages  serve  the  function  <>f  keepin£  the 
himen  of  the  tube  patulous  under  the  var>-iii};  pressure -relations.  They  subserve 
a  limilar  put|)oe«  in  lh«  bronchi  and  their  branclirs.  They  do  not  occur  in  air- 
pamases  having  a  diameter  of  i  mm.  or  les«.  and  even  in  bronchioles  of  greater 
size  they  are  lets  numerous  and  mor«  trregulnr,  occumng  especially  at  the  bifurca- 
tions in  the  form  of  irrpgular  platelets. 

An  outer  layvr  of  connective  and  elastic  tissue  coi'ers  the  air-passases  and 
branches  of  the  branchial  tree.  On  the  aide  toward  tlic  esophagus  this  layer  is 
reinforced  tiy  additional  elastic  e!t'-ineiitK  and  a  few  bundles  of  Inngitudinal  un- 
striated  muscle-tibcrs  The  trachea  contains  unstriatcd  muscle- fibers,  especially 
UTanKcd  tran aversely,  connecting  the  ends  of  the  cunilaeinous  arches  posteriorly 
and  bcinjC  inserted  into  the  cartilaees  by  means  of  elastic  teadous.  This  transvene 
layer  is  agnin  covered  by  lon^tudinal  bundles.  The  mucous  tnembrano,  besides 
containing  cennectivc  tiMiie  and  leulcocytes,  is  especially  rich  in  longitudinal 
dastic  hber<i,  which  attain  their  greatest  sin  immediately  beneath  the  epithelial 
basement  membrane.  The  outer,  narrow,  scarcely  separable  mbmucosa  is  com* 
poMd  principally  of  connective  tissue,  and  attaches  the  mucous  membrane  to  the 
cartilagea  with  their  connecting  librous  membrane.  The  epithelium  of  the  trachea 
it  a  stratified,  ciliated  emthclium.  with  the  cilia  waving  toward  the  glottis,  and 
with  many  inter*[icrsed  jii'l'let-cull?*.  Numerous  branched,  tubular,  mucous 
glands,  with  larger,  brighter  cells  and  smaller,  darker  ones  (Gianiuzi's  crescents) 
an  found  beneath  the  muscular  layer  of  the  trachea  and  bronchi.  T1ie»e  elands 
iLnt  of  a  mixed  type  and  have  secr<;tory  ducts  connected  with  their  stroiis  alveoli, 
but  not  with  the  mucous  tubules.  Th<y  secrete  the  viscid  mucus  that  catches  the 
dust- panic!  rs  of  thit  inRpired  air  and  is  then  removed  from  the  bronchial  tree  and 
Urynjc  by  means  of  the  ciUated  epithelium.  The  air-pastages  an  richly  supplied 
with  lymph -vessels  and  lympli-follicles .  but  are  rather  poor  in  nerves  and  blood- 
vewcls.     (larelia  arc  fmmcl  nn  the  nerve-trunks. 

The  direction  in  which  the  branches  of  the  bronchi  penetrate  into  their  respec- 
tive lobes  corresponds  with  the  inspiratory  movement  of  the  chest-w&It  covering 
«Mh  lobe ;  for  example,  the  direction  of  the  bronchi  in  the  upper  tobe  is  upwarti, 
forward,  and  outward. 

Tb*  wwVi  btotHfii  are  distinguished  from  the  larger  ones  by  a  diminution  in 
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the  amount  ot  cnrttUge,  and  by  the  presence  of  tt  ompipie  layer  of  circular  muscle- 
t'bn% .  imi(.'<Tii«  glands  arc-  wanting,  and  the  ppithctium  is  leas  developed.  Goblct- 
celU  secreting  mucits  nre  found  as  far  as  the  i.fnaltcr  ait  pasittges. 

After  the  small  brondij  have  by  repratrd  branchiiig  b«Mnie  dtmmisfaed  in 
dtametrr  to  from  o.$  to  o.t  mm.,  they  are  succecckd  bv  the  smallest  broncbi. 
whicb  already  bear  a  few  alveoli  on  their  walls.  The  smallest  bronchi  attll  pone*) 
ciliated  fspillieliutn  and  unsiriaied  muicle-fibcn. 

The  respiratory  bronchtDlca  ore  the  direct  continuation  of  the  smallest  bronchi. 
ta  the  broDchioles'th*  cyliadrical  eoilhdrum  is  graduaUy;  replaced,  at  first  on  oae 
tid«  only,  by  small,  squamous  cells,  and  later  by  a  mixM  epithelium  of  larjte 
plates  and  small,  squamous  cells.  At  the  same  time  the  mural  alveoli  become 
more  numereus. 
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Ffom  tbeee  nspiratoiv  broocbiolcs  then  ansc.  finally,  tfae  blind,  alveolar 
dacta.  which  an  completely  Imcd  with  mixed  epithelium,  cvotaimnz  tbe  smaU. 
•quamoia  oella  only  in  small  nests.  The  alveolar  duets  «uUitvide  further,  and  still 
conUin  a  few  i&olaied  musde-hbers  m  their  walls,  Theu  sabdivisioos  *r«  entirely 
surrounded  by  muDerous  clOMly  packed,  benusphencal  or  spheroidal  air-aacs 
(aiveoli). 

Conceming  llu  rtntetitrt  c)  t)u  aleeoii.  the  foUowuic  is  to  be  noted  (Fig.  75): 
(I)  Tbe  suppontng  merabrHie  of  tb*  nc  i>  stnictus«fe>a.  elastic,  with  encloaed 
nuclei.  Fine  pores  in  the  walls  of  tbe  svpu  ccsnect  aetshboriof  alveoli,  (s) 
Networks  of  numerous,  fine,  elastic  fibers  sttrrMtnd  the  aii^sacs.  and  pve  to  the 
pulamnary  tissue  tu  great  elasticity.     As  tbe  Mastic  fibers  mm  cJiarsctcnaed  by 
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udcnbic  power  of  resistance,  thcv  arc  oticn  found  retAiotn^  their  cbaractviistic 

tnfement  in  tlie  exptrclor&tion  of  patients  EuiTcrinff  from  piilmonAiy  diuaM*. 
lie  It  an  infiUlihiv  sij^n  that  the  pulmomiry  titeue  Is  imderfcoinc;  dettniction.  (j) 
The  brnnches  of  the  rich  capillary  nvtwi>Ti:  patec  rather  toward  the  luini!!!  of  the 
alveoli.  The  respiratory  opilhelium  of  the  alveoli  is  a  einfflo  lawr  of  Eqiiamous 
aitbehum.  In  it  may  be  found  scattered  nucleaied.  proiopTasmic  cellii(i).  whicli 
tran»fi>nned  latrr  inli}  small  (from  7  to  15  «i).  non>iiucIeaied.  Itright  (>)  or 
iaric  platelets.  Finally,  several  of  the  latter  unite  to  form  lar^^er  (from  ti  tOASf), 
non-nucleated  plates,  (j)  Hert  and  ihere  mcomplcic  fissures  may  be  seen  in 
thcw  pliitcs.  vhieli  irKlicatc  prvvitnia  iiiteniJUces  ^tweesi  tlic  plateIot«.  The  plates 
have  been  transformed  from  orifpnal  cubcidal  cells  by  the  stretching  of  the  lungs 
during  respiration. 

S?e  estimates  the  number  of  alveoli  at  8«9i  millions,  and  their  respiraiorj' 
area  at  Si  R^unre  meten:  (54  time«  as  great  at  the  turfacc  of  the  body).  The 
alveoli  are  grouped  t^iccther  by  eonneclive  tissue  into  distinct  pulmonary  lobules. 

The  biooti-vessetf  of  tke  lungs  belong  to  two  distinct  systems: 

A.  The  system  of  the  pulmonary-  vessels  (the  lesser  circulation}.  The  branches 
of  the  pulmonary  artery  follox*  those  of  tJie  air-passages,  and  are  so  clott]y  applied 
to  the  latter  thai  ibcir  pulsations  may  be  commtuucaied  to  the  contained  air. 
The  capilluries  nriiiinK  (rum  these  branches  form  a  rich  network  of  moderately 
^ne  tubules.     The  pulmonary  veins,  whose  branehes  likeuisv  accompany  the  «ir- 

[>a*saseE,  arc  collectively  narrower  than  the  pulmonaiy  artery,  as  a  result  of  th« 
OSS  01  water  that  the  blood  undergoes  in  the  lungs. 

B.  The  system  of  the  bronchial  vessels  conveys  the  nutrient  material  (or  the 
reRpiralory  (irgsni:.  The  broiit-hial  arti-Tii-s,  foUowinK  ihe  bronchi,  give  to  them 
branches,  as  wvll  as  to  the  l>'mphntic  [;lanils  at  the  hiliis  of  the  lunt^i-  the  large 
trunks  oi  the  pulmonary  vessels  (vasa  vasorum),  and  the  pulmonary  pleura. 
Nuiiicrou.-t  Hna.-ktomoses  rxrciir  between  the  branclies  of  the  bronchial  and  pul- 
mrmjirv  aricrirs  Part  of  the  vrssels  arising  frnm  the  capillaries  communicate 
with  tfic  beginnings  of  the  pulmonar>'  vans;  and  for  tliis  reason  any  considerable 
stagnation  i»f  bltwid  in  the  lesser  circ\ilalimi  causea  a  like  Magnatinn  in  the  circula- 
tion in  the  bronchial  mucous  memUrane,  with  resulting  bronchial  catarrh.  An- 
other part  of  tilt  bronchial  eapillaries  forms  &pcciftl  vein*,  which,  as  bronchial  veina, 
traverse  the  pontenftr  mediastinum,  and  empty  into  the  trunlM  of  the  oxygo* 
veinK.  the  intercoKtal  vcinK.  or  the  Kiiperior  vena  eavn.  The  viHns  from  the  Bmailer 
bFonchi.  and  e\-cn  from  the  biMnchi  of  the  fourth  class,  empty  coHeciively  mto 
the  pulmonar>'  veins;  and  the  anienor  broncliial  veins  alto  communicuie  with  the 
pulmonary  ve*>:c1)i. 

The  interstitial  tissue  of  the  lungs  is  rich  in  I >Tnph adenoid  tissue  and  is 
traXi-crscd  by  a  network  of  line  lymph-channels.  A  coarser,  irregular  svetem  of 
Ivmph-venacls  Kurround.t  the  pulmonary  lobules,  larger  tironchi.  and  btooil- vessels. 
These  lymph-channels  and  vcsscU  become  injected  when  ^"■"■Blt  arc  made  to 
inhale  powHerx'd,  soluble  ilye^.  Tho  coloring-matter  penctratat  the  viscid  inter- 
stitial substance  between  the  epithelium,  though  according  to  Klein  through  small 
pores  that  are  pre*em. 

In  the  walls  of  the  pulmonary  alvuoli  the  finest  lymph-tubules  form  a  delieate 
system  of  canals  lying  in  the  spaces  between  the  blood  capillaries.  These  canals 
oUlibit  enlarxcmcnts  at  the  points  of  intersection.  Lymph-vc-nseU  extend  along 
the  bronrhi,  Tonning  a  deoKc,  longitudinally  meshed  network  in  the  mucosa  and 
nibmocosa.  and  finally  reaching  the  lymphatic  glands  at  the  roots  of  the  lungs. 

The  rapidity  with  which  Suids  arc  absorbed  in  the  lungs,  even  when  introduced 
in  considerable  quujitttic^.  is  remurkable.  Laiidois  has  often  seen  thi*  after  in- 
jeetinit  w.attr  into  the  trachea  of  hving  animals,  and  Peiner  ha*  dcinoni;lr«ted  it 
lr>r  mftnv  nthrr  Mil^tnnrv«  livm  hlond  in  lAki-n  up  in  liWe  manner.  Xothnagel 
having  found  blood^rorpu teles  in  the  interstitial  puiraonarj'  tissue  from  three  to 
five  mmutes  after  injection  mio  the  trachea. 

In  the  piilmonarv-  pU-ura,  which  is  exceedingly  rich  in  elastic  fiber*,  the  net- 
works of  superficial  puImonar>-  lymph-vessels  begin  as  free  siomata.  In  like 
manner  the  lymnh-vesscls  of  the  parietal  pleura  communicate  by  meant  of  sio- 
mata in  nuuiy  plares  fon  the  dinphrngm  only  in  certain  localiticsl  with  the  pleural 
cavjtv;  according  to  Klein  even  wiih  the  free  surface  of  the  bronchiitl  mucous 
membramr.  The  lymph -vt'SMrls  of  the  veins  of  the  lesser  circulation  lie  between 
the  media  atnl  the  advcntilia. 

Thonervi's  o(  the  lungs,  bronchi,  trachea,  and  larynx  have  ganglia. 

It  appears  that  the  function  of  the  unstriatcd  muscle-tibcrs  in  the  trachea  and 
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in  th«  «itir«  bronchial  tree  is  to  oSer  resistanea  within  the  air-pastagM  to  the 
increased  presfiure  th»i  occurs  in  all  (orced  expiraiioru,  as  in  speaking,  tinfpng, 
blowing,  straining.  According  to  the  teslimrmy  ol  many  investigatore  the  va^« 
is  the  motor  nerve;  upon  it  depends  the  so-called  pulmonary  lone  when  the  lenstoo 
within  the  air-paaMgeN  is  increased.  Irritation  of  the  vaiju.t.  or  or  the  tunj;  directly, 
does  not  induce  sudden,  t-xpiratory  movements  (as  can  be  seen  by  fastening  a 
manometer  in  the  trachea).  The  only  result  o{  irritation  of  the  vagus  is  an  incrcaae 
in  tbe  rvsiatuiK-e  o£  tli«  air  paasing  through  the  small  bronchi  that  bavebe«n  nar- 
row«4  by  tbe  irritation.  Section  of  the  vagu«  also  is  said  to  increaie  the  volume 
of  th*  lungs.  Alrrvfiin  pAralyxes,  piloearpin  stimulates,  the  bronchial  muscles  of 
thu  dog,  while  reflex  stimulation  takes  place  through  sensor}'  branches  of  the 
vagus.  Dunng  de«pesi  inspiration  the  unstriated  muscles  of  the  air-passages  coo- 
tract,  and  ditrinif  forced  expiration  they  are  relaxed. 

Palhtdogical. — Irritation  of  the  unsthated  muscles,  causing  spasmodic  narrow* 
ing  of  the  smaller  bronchi,  may  give  rise  to  asthmatic  atlacla.  If  the  escape  of 
ur  from  the  alveoli  is  thus  made  difficult  or  obstructed,  an  acute  inllatioa  of  the 
lungs — ^acutc  cmphyBcma — may  result. 

According  to  Sandmaim  a  reflex  clTcct  may  be  produced  upon  the  bmo^al 
tnuacles  from  themucoiu  membrane  of  the  nose  and  tne  larynx.  This  would  explain 
the  occurrence  of  axthma  attendmg  nasal  affections,  such  as  polypoid  grewttu  of 
the  mucous  membrane.  In  addition  to  the  elements  of  tbe  connective,  elastic, 
and  muscular  tissues,  and  of  the  mucous  membrane,  the  lungs  contain  lecithin, 
inosiie.  uric  acid  <taurin  and  leucin  in  the  ox;  guanin  (').  xanthin.  hypoxanlliin  in 
the  dO£l.  alio  sodium,  potassium,  calcium,  ma^esium.  iron  oxid,  considerable 
□hoiphoric  add,  also  chforio.  sulphuric  acid,  siliac  acid,  and  carbon.  In  cases  of 
diabetes  sugar  has  been  found;  in  the  presence  of  purulent  infiltration  glycogen 
and  sugar;  in  that  of  renal  degeneration  urea,  oxatic  acid,  and  ammonium-Mitsi 
in  that  of  autointoxications  leucin  and  tyroiin. 

MECHAWISM   OF    THE    RESPIRATORY    MOVEMENTS. 
ABDOMINAL   PRESSURE. 

The  mechanism  of  breathing  consists  in  an  alternating  tliUitation  and 
contraction  of  the  thoracic  cavity.  The  dilatation  of  the  cavity  is  termed 
taspiration,  and  the  narrowing  expiration.  The  whole  outer  surface  of 
both  elastic  lungs  is,  by  means  of  its  smooth,  moist  covering  of  pleura, 
intimately  and  hermetically  applied  to  the  inner  surface  of  the  chest- 
wall,  which  in  its  turn  is  -covered  by  the  parietal  pleura.  Hence,  it  is 
evident  that  ever\'  expansion  of  the  thorax  is  accompanied  by  a  corre* 
spoading  expansion  of  the  lungs,  and  every  contraction  compresses 
those  organs.  These  movements  of  the  lungs  are.  therefore,  wholly 
passive,  being  dependent  an  the  thoracic  movements. 

By  reason  of  their  complete  elasticity  the  lungs  arc  able  to  follow 
everj-  change  in  the  capacity  of  the  thorax,  without  causing  the  rwo 
layers  of  the  pleura  ever  to  separate.  The  cavity  of  the  unexpanded 
thorax  is  greater  than  tbe  \-oltime  of  the  collapsed'  lungs  when  remored 
from  the  body;  therefore,  the  lungs  in  their  natural  position withm  the 
chest  must  be  stretched,  and  they  are,  to  a  certain  degree,  in  a  state  of 
elastic  tension.  This  tension  varies  directly  with  the  size  of  the  thoracic 
cavity.  If  the  pleural  cavity  be  opened  by  a  perforation  from  without 
or  by  a  wotmd  of  the  lungs  from  within,  the  elasticity  of  the  Itmgs  causes 
them  to  collapse,  and  there  arises  an  air-space  lictween  the  outer  surface 
of  the  lungs  and  the  inner  surface  of  the  thorax  (pneumothonix).  Tbe 
affected  lung  is  incapacitated  for  respiration.  Double  pneumothorax 
b  accordingly  fatal. 

Tbe  degree  ot  the  elastic  traction  of  the  stretched  lung  may  be  mcararcd  by 
intrx>ducinc  a  manometer  through  an  intercostal  space  into  the  pleural  cavitv  of 
a  dead  body.  ^le  elastic  tension  here  is  the  same  as  that  in  tbe  living  body  dur- 
ing a  state  of  quiet  expiration,  and  is  equal  to  A  mm.  of  mercury,     la  a  patient 
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with  perfOTxtion  of  «n  intereosul  Mpace  Aron  fuund  tl>c  elnstic  tension  to  be  from 
4.5  to  6.8  mm.  U.  howcvrr.  the  thorax  is.  by  forte  applied  from  the  ouuidv. 
brought  into  the  expanded  poaitioa  aMurocd  durins  inspiiatton,  the  elastic  Lrac- 
Cioa  will  \x  incrvasCQ  to  30  mm. 

If  the  glottis  be  ctostd  during  inspiratory  dilatation  of  the  thorax, 
the  elastic  tungs  also  will  expand,  and  there  will  be  produced  a  rare£ac< 
tion  of  the  air  within  the  lungs,  as  this  air  must  expand  to  a  greater 
volume.  If  the  glottis  is  now  suddenly  opened,  the  atmospheric  air 
will  enter  the  lun{js,  until  the  density  of  the  air  within  equals  that  of 
the  atmosphere.  On  the  other  hand,  if  the  diest  and  the  lungs  be  com- 
pressed by  expiratory  efforts,  with  a  closed  glottis,  the  air  in  the  lungs 
will  become  denser,  that  is,  compressed  into  a  smaller  volume.  If  the 
glottis  now  be  opened,  air  will  escape  from  the  lungs,  until  the  internal 
and  external  pressures  are  equalized.  As  the  glottis  is  open  during 
ordinary  respiration,  the  adjustment  of  the  dimini.thed  or  increased 
air-pressure  during  inspiration  and  expiration  will  occur  gradually.  It 
is  certain,  however,  lliat  there  exists  in  the  air  within  the  lungs  a  slight 
negative  pressure  during  inspiration  and  a  slight  positive  pressure 
during  expiration.  This  may  be  measured  in  the  trachea  of  persons 
having  wounds  of  thi.'s  tube,  and  equals  i  mm.  during  inspiration  and 
from  a  to  3  mm.  during  expiration.  According  to  J.  R.  Ewald  the 
total  figures  are  only  o.i  mm.  and  0.13  mm.  respectively. 

The  so-called  abdominal  pressure  within  the  abdomen  is  generally 
increased  during  expiration,  and  declines  during  inspiration  in  man  and 
in  dogs,  while  in  Tabbiti  it  i.';  increased  during  in-spiration.  Moderate 
increase  of  the  abdominal  pressure  increases  somewhat  the  arterial 
blood 'pressure,  as  well  as  the  action  of  the  heart;  more  pronoimced 
increase  of  abdominal  preiisure  diminishes  both. 

RESPIRATORY   VOLUMES. 

The  lungs  never  completely  empty  themselves  of  air.  Therefore,  in 
611ing  and  emptying  the  lungs  during  inspiration  and  expiration,  only 
a  part  of  the  contained  air  is  subjected  to  change,  the  amount  depending 
on  the  depth  of- the  respirations. 

Hutchinson  in  this  connection  established  the  following  distinctions: 

I.  Residual  air  is  the  volume  of  air  that  remains  in  the  Itmgs  after 

complete  expiration.     This  can  be  estimated  approximately  after  death 

by  collecting  over  water  the  air  from  the  lungs  after  ligating  the  tracliea. 

H.  Davy  and  Grfhanl  estimated  the  amount  during  life  in  the  following  man- 
ner: The  subject  makes  a  forcible  expiration,  and  then  breathes  for  a  while  from 
and  into  a  spirometer,  filled  with  u  mt-asured  qutinttty  ot  hydrogen.  If  it  can  Xx 
assumed  that  the'Tcsidnal  sir  has  been  completely  admixed  with  the  hydrogen, 
the  percentage  o(  air  in  the  spirometer  after  forced  expiration  will  indicate  the 
quantity  of  residual  air.  The  obser^'crs  named  fuund  the  amount  to  be  from  ■  aoo 
to  1700  cu.  cm.  Berenstcin,  by  a  similur  :neth':>d,  estimated  the  residual  air  to 
be  equal  to  from  onc-fiftli  to  one- fourth  of  the  vit^l  capacily. 

The  foUowing  wholly  different  method  haa  also  been  employed  to  determine 
the  reiidual  air:  The  amount  of  an  unknown  volume  of  air  .x  can  be  calculated 
from  the  increase  in  volume  that  it  undergoes  when  the  pressure  upon  it  it  lessened, 
for  this  increase  in  volume  is  directly  proportional  to  the  quantity  of  gas.  and 
to  the  diminution  in  the  pressure  upon  it.  II  P,  is  the  original  pressure  to  which 
the  £as  is  exposed.  Pt  the  other,  leuencd  pressure,  and  d  the  me.i9urable  increase 
m  volume  01  x.  then 

X  -  (P,  X  d>  :  (P,  -  P,). 

For  conying  out  this  experiment  PAflgcr  eonstrueted  his  pneumometer.     The  sub> 
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;ect  U  pl«:»d  in  «  large.  h«rm<>ttrjtlly»ea)«d  chamber  (btmun  cabinet).  In  which 
at  (irat  the  preiisure  equals  that  ol  the  atmocphere  (P,).  The  conl&ined  air  is 
then  rafrlied  )iy  means  o(  a  jiump.  until  the  presstire  P,  («  obtained,  as  tnilicated 
1>y  a  manometer  inserted  in  the  chamber  In  ihia  proceu  a  part  oE  the  residual 
AIT  (x)  will  nalur&lty  escape  during  quiet  expiration.  Thi«  u  collected  and  meas- 
ured (d)  by  meanic  of  a  tpirometer  connected  in  an  nir-tiKht  manner  with  the 
air-pK»aees.  In  this  way  Pflfiger  found  x  to  be  from  400  la  t'oo  cu.  cm  Gad. 
wondng  with  diScrcnt  appsntus  b*8cd  on  tbc  same  t>ruiciplc.  cslunatcs  the  residual 
air  to  be  half  the  vitii  capacity:  Schcnck  ipvKti  the  proportion  of  the  lonnef  to 
the  latter  as  1  to  j.;. 

a.  Reswrve  air  is  the  additional  Tohime  of  air  thac  can  be  forced  out 
aft«r  a  quiet  expiration.     It  measures  from  134S  to  1804  cu.  cm. 

Tlic  pix>ccdurc  q(  M.  Davy  and  Grfhaiit  may  ulso  be  applied  to  tbc  esttouUoa 
ol  reserve  air. 

3.  RespiratOTy  or  lijat  air  is  the  volume  of  air  that  is  taken  in  and 
jfiven  off  during  quiet  respiration.     In  adults  under  normal  conditions  it 

amotmts  to  about  507  cu.  cm.— between 
36;  and  699  cu.  cm.,  according  loVier- 
orJt;  in  the  new-born  about  one-quar- 
ter of  tilts  amount. 

4,  Completttental  air  is  the  term  ap- 
plied by  Hutchinson  to  the  additional 
volume  of  air  that  may  be  taken  in 
during  a  forced  inspiration  immediately 
succeeding  a  quiet  one. 

5.  Vital  capacity  indicates  the  vol- 
ume of  air  that  escapes  from  the  lungs 
between  the  highest  phase  of  inspiration 
and  the  lowest  phase  of  e.xpiration. 
For  Gennans  it  amounts  to  3333  cu. 
cm.  OR  an  average,  and  for  Englishmen 
to  377a  cu.  cm. 

Prom  the  foregoing  it  follows  that 
after  a  quiet  inspiration  both  lungs 
contain  about  from  3000  to  3900  cu.  cm. 
of  air(i  +  a  -(-  3);  after  a  quiet  expi- 
ration from  jjoo  to  3400  cu.  cm.  (1  + 
»).  From  this,  as  from  3,  it  follows 
that  during  quiet  respiration  only  about 
one-sixth  or  one-seventh  of  the  air  in  the  lungs  is  changed. 

If.  durinff  a  series  of  quiet  respiriLtions.  a  solitary  inhalation  ot  hydrooen  be 
nude,  und  tithe  expired  air  lie  examined  to  determine  how  l^g  tJie  hyurogm 
may  be  detected  in  tt.  it  will  likewise  l-e  found  ttiat  the  air  in  the  luni^  coto- 
pklely  renews  itaelf  (becomes  free  of  hydrogen)  in  from  6  to  10  re^irattons. 

donders  cstimuics  that  the  combmcd  bronchial  tree  and  trachea  contain  about 
500  cu.  cm,  of  air. 

The  vital  capacity  is  determined  by  niean.s  of  Hutchinson's  ^irooMtcr  (Ptg. 
76).  The  determination  it  of  importance  in  person*  sulteiSng  fmm  diseaao  o(  th« 
thoracic  orf^ans.  The  vital  eApacity  may  hrt  influenced  by  consolidation,  destruc- 
tion, or  emphv'vnma  of  the  pulnvonar}*  ti&tuc:  by  the  presence  ol  fluids,  btood,  air, 
or  naw-growtru  in  the  thoracic  cavity:  by  diniimshod  mobility  of  the  cheitt:  by 
weakness  of  the  rvspiraiur}'  muscles:  by  eoloricenient  of  the  heart  or  pencardium  1. 
or  by  distention  of  the  abdomen 

Bt  means  of  a  targe  tut>c  provided  with  ■  moudfpieco.  ibr  mliiect  (balding  M 
nostrils  closed]  blows  his  rxpimiory  «ir  j^UO^ JRXdollnd  ipuuQietcr  Ml-jittf" 
1*  su.fpendi'd  over  water  and  evenly  hUv  wx-ight* 
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Aft«r  eompkw  expiration  ih*  tubo  ia  closed,  and  the  increase  ot  air  within  th« 
jar  in<Ucat«i  The  vital  capacity,  provided  lh«  water  outside  and  that  inside  the 
jiir  nrt  at  the  Mime  Icvfl.  It  in  zilto  advi»ab!<!  to  ulhiw  the  expired  lur  Ut  cool, 
until  it  is  *>I  tb«  tempiTaiurr  of  the  surrounding  air. 

0(  the  factors  that  influence  viial  capacity  the  fallowing  are  known: 

I.  Slainte.  ^Rvcry  im^h  ii(  mldititmnl  hvight  bci.w«n  s  aitd  6  feci  ts  acconi- 
panicd  hv  about  130  cii.  cm.  incn-nsc  in  the  vital  capacity 

a.  Toe  tviitmc  oj  ilw  imnk  is,  on  the  average,  seven  limca  that  of  the  vita] 
capiacitv- 

3.  Til*  Bvdy-wigkl. — An  iDCTVove  in  wei^t  o(  7  per  ctnt.  above  the  normal 
is  aecomfnuitrd  by  a  ditninotion  in  Ihe  vita!  capacity  of  J7  cu.  cm.  for  every 
additional  kiloCTATn. 

4.  Agf. — The  vital  capacity  reaches  its  inaxinium  at  thirty-five  years;  from 
thiK  up  I"  the  uixty-tirih  )'etu'.  and  1>iickwanl  i'>  the  fifteenth  year,  7^,4  cu,  cm. 
must  be  deducted  for  each  vrar. 

S-  Sfx — Arnold  fnunu  the  average  to  be  i&6o  cu.  cm.  for  men,  and  ^550 
cu.  cm.  (or  women,  For  the  siiine  stature  and  cnfsl-mea.sun.-nient.lhe  relation  of 
the  vital  capacity  of  men  to  that  of  women  is  as  10  Lo  7. 

6.  HiKtiJ  pi?iititit  and  Qtcupatiiitt  have  a  decided  inSucncc  on  the  physical 
c*>ndition  and  nulritton,  and  henct-  al«o  on  the  vital  capacity  Arnold  eitubiiahed 
three  claHtts,  ci(  wliieh  ench  prpccding  cl.iss  exceeds  the  one  following  by  100  cu.  cm. 

?re«ter  \^t,^1  eapacitvr   fa)  gnldicrx  and  tailors;    (fi)  artisans,  compos'itont,  police; 
c)  pauper!,  the  nobility,  and  students. 

7.  Misctllanrtmi.—'Tht!  viiul  capacity  ii  ^ireatest  in  the  standing  position,  and 
when  the  Ktomarb  is  empty.  Il  is  diminished  aft^-r  (jrcat  effort,  and  also  in  dr- 
bililBted  conditions  of  the  body.  It  is  greater  in  advanced  pregnancy  than  in  the 
pucrperiuni.  To  a  cerlatn  extent  practice  with  a  spirometer  can  increase  the 
vital  capacity. 

THE    RATE    OF    RESPIRATION. 

The  rate  of  respiration  vatSes  in  adults  between  la,  16,  and  34  iu  a 
minute.  Four  pulse-beats  on  an  average  thus  occur  with  ever>*  respira- 
tion.    Many  factors  influence  the  rate: 

:.  The  Position  of  the  fiody.— In  adults  Guy  noted  1^  respirations 
lo  the  minute  in  the  recumbent  posture,  19  in  the  fitting  posture,  and 
ij  in  the  8ian<ling  ji'istiire. 

s.  Age. — tn  500  individuals  Quetelet  found  the  rate  of  respiration 
to  he  as  follows: 

t|ito  I  year.  ,^4     Between  10  aiid  3$  yearn. 1S.7 

At  J  years  .  .16  "        ijand  jo  yeans .  ,16 

Bolween  tsond  jo  years ao  "        j«  and  so  years .iS.t 

In  the  new-born  the  rate  is  lietweeu  63  and  6S. 

3.  Aciiviiy. — In  cfiildrcn  between  two  and  four  years  old,  Gorham 
counted  %a  re.spiraiions  ti»  the  minute  in  the  standing  posture,  and  34 
(luring  sleep.  As  a  result  of  bodily  exertion  the  rate  of  respiration 
increases  Ijefore  that  of  the  hcart-i>eat.  The  increase  in  respiratory 
movements  i.s  incited  by  metabolic  products  furnished  by  the  muscles 
engaged  in  activity.  In  connection  with  violent  muscular  activity  the 
puliw-ratc  iK  increased  principally  by  excitation  of  the  center  for  the 
cardio-accelerator  nerves. 

4.  IncTfase  in  the  snrroHiidiiig  umfwahirv,  also  febrile  elevation  of 
the  bodily  t«mperaiure,  will  increase  the  rate  of  resptration,  which  tnay 
even  assume  a  dyspiieic  character. 

THE  TIME  RELATIONS  OF  RESPIRATORY  MOVEMEPfTS, 
PNEUMATOGRAPHY. 

*■    •(!*  °*"''':'^  t**  obtain  infomiation  with  regard  to  the  periodic  relations 
t>x     the  various  phases  of  the  respiratory  movements,  it  is  necessarj'  to 
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trace  respiratory  curves  (pneuinatograms)  by  means  of  recording  in- 
struments. 

Xlflhod. — The  craphic  mnhod  can  tw  appttrd  in  three  dilfcnmt  wsvs:  i.  The 
represents tiOD  of  uie  raoge  of  motion  in  the  individual  parts  of  the  thorax  may 
be  obtained  in  the  following  manner: 

(a)  K.  Virrordt  and  Ludwig  arraagi-d  sn  in^^tninicnl  in  which  the  movement 
of  a  definite  part  of  tlit  thorax  waa  comniunitatcd  to  a  lever,  whose  longer  arm 
traced  the  curve  on  a  rotatiiiK  drum.  In  like  manner  Ki«k'''I  consitruvted  tus 
double  ttetbofraph  on  the  principle  of  iht  kver  It  consisted  oi  iwo  levers  on 
the  same  support,  armngvd  for  vise  on  a  patient  m  such  way  that  one  lever  waa 
applied  to  a  certain  spot  on  the  healthy  aide  of  the  chesl.'and  the  other  lever 
to  the  correspondinf;  i^tot  on  the  alTected  side.  A  spbygmo^aph  may  be  em* 
ployed  for  recording  the  rcspiraiorj'  cur*-e.  the  inninimeiii  t>ein|{  placed  free  outside 
of  the  chest  apon  a  stand  and  applied  in  such  manner  that  only  the  pad  of  the 
elastic  stylua  tauchc»  the  chi^Kl-wall  at  one  point.  .1  Rosenthal  constructed  a 
lever  to  reginter  the  movements  of  the  diaphmicni  in  animals  (phrcnograph) :   it 
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fia.77.— A,  DronilRns's.^it-oiihiaalar  K«nriliiuil>FlUijiiiiiarTCiuv(3.  H,  A  Rcti^kion  Curve  d  a  BtaUiir 
lBdJ«utui.1.  RKDnlcd  on  ■  Hue  Aiuchol  lo  *  Vihniiu(  Tunaftart  (1  Tifenboci  —  o^iAij  mc.],  10  IMcr- 
nine  Ibe  Tinw-nlMtcM. 


was  inserted  through'an  opening  in  the  abdomen,  and  rested  against  the  dia- 
phragm. 

<fc)  The  air-cusliion  of  Brondueest's  parsiihyi^oKriiph  (Fik  77.  A)  ia  con- 
etructcd  on  the  princiitlc  of  air-  transference,  This  instnimeni  consists  of  a  saucer- 
shaped  brass  vessel  (a>.  over  which  is  stretched  a  double-layered  rubber  mcm- 
brane  (b  c>.  Between  tliv  layers  oi  this  covcrinK  there  igt  cnouKb  air  to  make  the 
outer  membrane  bulffc,  Thia  ovwhion  v«  placed  on  n  certain  pan  of  the  thorax, 
and  fflKtenrd  with  hands  (d  dl  that  pa^^  around  the  ohMt.  Kv^ry  enlnrffcntent 
of  the  thorax  presses  aEainiit  the  membrane  c,  producing  a  diminution  of  the  »ir- 
snaee  within  tlie  capmle.  The  latter  is  connected  by  means  erf  the  tube  S  vitb 
tne  tvcoriliiiKchambi-r  that  is  pictured  in  Fic.  44. 

Instead  of  this  capsular  arran^incnt.  Marcy.  in  the  construction  of  his  pneti- 
mograph.  uses  a  piece  of  thick,  cylmdrical.  elastic  niW»cr  tubing.  This  is  fastened 
1>y  bands  Uke  a  girdle  around  the  chest,  and  is  connected  by  a  tube  with  the 
rccordins  drum, 

».  The  variations  in  the  volume  of  the  chest  or  in  the  exchanged  respirator)' 
gases  may  he  graphically  recorded  us  follows: 

Porthit  piirpoce  E.Hehng  places  an  animal  in  an  air-tiirhl.ckiiwd  cbambec 
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tbe  end.     The  «.\piratian  be^uu  with  moderste  rapiditv.  ia  then  acceleralcd,  and 
OnaUy  becomes  much  Elon-er  m  t!te  last  part 

Inspiration  is  somewhat  shorter  than  expiration;  in  adult  males  the 
proponion  is  6  :  7,  according  to  Sibson;  in  ■women,  children,  and  old 
persons  it  is  6  :  8  or  6  :  9.  Vierordt  found  the  relation  10  :  14.1  (up  to 
24.1);  J.  R.  Ewald  found  it  ti  :  12.  Cases  in  which  inspiration  and 
expiration  are  of  equal  length,  or  in  which  the  latter  is  even  the  shorter, 
are  observed  only  exceptionally. 

Sooall  iTT«guJahtK:s  may  be  observed  ocCAsionnUy  on  vahous  parts  of  the 
curve.  These  at*  d-M  to  th«  fact  that  thf  thoracic  nwvcmcnl*  arc  at  tim»8  lb« 
Ktulc  bl  cuccessive  controciiotis  o(  th*  r«pir.-vior\'  muscltt.  Now  and  then  power* 
fuJ  beart-b^at*  iiUd  rmue  vibratimij;  of  the  thomctc  wall  (Fig.  79). 

]f  respiration  proceeds  unintemiptedlr  and  quietly,  there  is  usually 
QO  real  pause.  1.  e.,  complete  rest  of  the  thoras.  Sometimes  the  lowest 
flattened  part  of  the  expiratory-  limb  is  incorrectly  taken  for  the  pause. 
Of  cotirse,  a  pause  may  voluntarily  be  made  'at  any  phase  of  the 
movement. 

II  ilic  respiratiQns  be  deep,  but  slow,  an  expiratory  pause  is  almost  invariably 
noted;  on  thr  other  hand,  it  is  alvra>'s  lacking  in  rapid  respiration.     An  inspiratory 

tiausc  is  never  noted  under  nonniu  oonditiooc,  out  it  may  occur  under  patbo- 
Qgieal  cosditioDS. 

TYPES    OF    RESPIRATORY    MOVEMEHTS. 

Curves  recorded  from  various  parts  of  the  thorax  throw  light  upon 
the  so-called  type  of  respiration.  Hulcliinson  was  the  first  to  show 
that  women  expand  the  thorax  by  producing  an  elevation  of  the  sternum 
and  ribs — costal  or  thoracic  respiration  ;  while  men  produce  the  same 
effect  by  depression  of  the  diaphragm — abdominal  or  diaphragmatic 
respiration. 

](  the  hoisht  of  the  eurvet  taken  in  men  and  women  frocn  the  maaubriura, 
gladinluK,  ensiform  proeew,  and  epigastrium  be  compared,  It  will  be  seen  that  the 
uxcurston  of  the  sternum  is  most  pronounced  in  women,  while  that  of  th«  epjgas- 
tiium  (through  the  diaphragm)  predorainates  in  men. 

This  ditlerence  between  the  texes.  in  the  t>-pe  of  co«laI  and  diaphragmatic 
breathing,  holds  good  only  in  quiet  respiraiion.  In  deep  and  forced  respiralion 
the  etilargemcat  of  the  thoracic  cavity  is  brought  aboui  in  both  sexes  principall>- 
by  a  pronounced  elevation  of  the  chest  and  nbs.  In  this  case  the  epignstriutn . 
even  in  men,  is  drawn  in  rather  than  forced  out.  I>urin|[  ileep  the  tvpc  of  respira- 
tion is  thoracic  in  both  sexes,  and  the  inspiratory  expansion  of  the  thorax  precedes 
the  elevation  of  the  abdominal  wall, 

It  has  recently  been  again  pointed  out  that  the  costal  type  arises  principallv 
from  compression  of  the  lower  nba  by  cotaets  or  light  Iwltv.  especially  an  a  (kcidci 
abdominal  type  is  encountered  in  savage  women.  It  is  only  a  cimjtrcturc  that  the 
costal  type  may  be  a  natural  tendency,  the  result  of  prcKuancy.  during  whtcli 
abdoininai  reHpiralion  may  become  obstructive  and  harmful  by  exerting  prcssurcj 
on  the  ntcnis.  Some  afhrm.  while  others  deny,  that  the  diderencc  in  type  i'- 
evident  during  sleep  with  the  clothing  completely  rcinovcd,  and  also  in  youa  i 
children.  5<.>me  investiKutorv  iruiuitain  that  the  costal  type  is  found  in  cliiMr. 
of  both  acxcsi  they  attribiitc  this  to  a  greater  flexibility  of  the  ribs  in  ch<  ' 
and  women,  which  thus  .illows  the  thoracic  muscles  to  exert  a  more  cxt<-i 
intlucnco  on  the  ribs. 
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PATHOLOGICAL   VARIATIONS   IW  THE    RESPIRATORY   M0\ 

UEIfTS. 

CHangiit  IN  tfu  Citaraetar  of  the  MmemnUs. — In  the  presence  of  afiedioi 
tbe  letptratoiy  apparatus  the  expansion  of  the  thorax  may  be  diminished  t« 
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ftort*  be  cUmp«d.  th«y  loa«  tfa«  power  of  ttaiCXioo  in  a  few  hours.  When  taken 
out  of  the  water,  or  when  the  clomp  is  removed,  tbey  recover  iminedifttely.  and 
they  invohftbly  exhibit  the  phenomenon  of  Cbeyne-Stolcec'  respiration.  In  such 
Irogg  the  circulation  may  be  iiiiernit>ted  for  a  time,  during  ubicb  this  form  oi 
breathing  Mill  cootinues. 

Curtailment  of  the  Uood-supply  in  froKs  by  blood-letting  rcsulu  in  periodically 
^ouped  respirations.  These  are  followed  b>'  a  stage  of  sinele,  infrequent  respira- 
tions, and  fuittlly  the  breathing;  stops  completely-  During  the  pauses  between  the 
periodi.each  mechonkulirntauon  of  the  skin  will  giveriM  toasencoof  rwpirations. 
Periodic  respiration,  without  variations  in  tbc  depth  of  the  ivparate  rcsptratiottt 
(so-called  Biot's  rc«|MrAt»on),  also  occun  normally  in  sleep,  nliile  the  nervous 
centers  are  endeavoring  to  obtnin  rest,  they  forget,  to  a  certain  extent,  to  send 
out  respiratory  impulses,  and  the  orsasisni  takes  no  notice  of  these  short  pauses. 
Piriodic  irrcguliirities  in  respintioDusoarafRquently  of  nflcx  origin.  Muscarin, 
digitalin,  curare,  chloral,  hydrogen  stilphid,  and  the  toxins  of  some  infectious  dis- 
eases (typhoid  lever,  diphilieria.  scarlet  lever)  are  liVcwise  capable  of  exciting 
periodic  respirations. 


SUMMARY    OF  THE   MUSCULAR    MECHANISM   CONCERNED   Hf 
mSPIRATIOW    AND    EXPIRATION. 

A    mSPIRATIOIf. 

1.  Duruu  quiet  inspiratioQ  the  following  muscles  are  actirc: 

I.  The  <Qaphr9Cm  (phrenic  nerve,  from  the  third  and  fourth  cervical  nerves), 

».  The  external  intercostal  and  intercartilagiaous  musclM  (iatereostal  nerves). 

3 .  Long  and  short  eievatois  ol  the  ribs  (poctarior  branches  of  the  dorsal  nerves). 

In  a  state  of  rt«t  the  elasttc  tnwtion  of  th«  Itings  mppears  to  draw  the  cbest 
together  socnewliat  with  tenaton  on  all  ndes.  Acctvoingiy  the  elastic  force  thus 
exerted  would  act  as  an  aid  to  the  beginning  of  intpiration.  .Mso  Landeier  con- 
siders the  thorax  at  rest  to  be  an  apparatus  ti-nditiK  towiird  the  attitude  of  inspira- 
tioo.  by  means  of  the  claslicitv  in  jn  ufinaid  dirr-ction  of  the  six  upper  ribs. 

n.  Dininc  forced  iospiratloo  the  foUowiag  muscles  are  astive: 

(o)   Trunk-muiiUs. 

t .  The  three  scalene  muscles  (muscular  branches  ol  the  cervical  and  brachial 
plexuses). 

3-  Sterno-cleido-mtutoid  (external  briuich  of  the  spinal  juv^ssory  nerve). 

3.  TnperiuB  (external  branch  of  the  spinal  accessory,  and  muscular  branches 
of  the  cervical  plexus), 

4.  Lesser  pcctoTal  (anteriw  Uioracic  nerves). 

J.  Posterior  superior  serratus  (dorsal  ncrt>'c  of  the  scapulK). 
.  Rhomboids  (dorsal  nerve  of  the  scapuiic). 

7.  Exunsor  muscles  of  the  vcrubral  column  (posterior  branches  of  the  dofsal 
nerves). 

Tbo  assum|>tion  that  the  greater  anterior  serratus  (long  thoracic  nerve)  and  the 
•ubclavivs  (brachial  plexus)  are  accessory  muscles  of  inapiration  is  um^arrantcd. 

(b)  Larynnai  muicUs. 

I.  Stcmo-nyoid  (descending  braneh  ol  the  hypoglocsas) . 

9.  Stcmcr-chyroid  (desccndrng  branch  of  the  oypoglosms). 

J.  Posterior  crico-arytenotd  (inlenor  laryngeal  branch  of  the  vagus). 

4.  TIiyri>Hr>'t«:nt>id  (infenor  laryngeal  nerve), 

(c)  Faeiai  mtucUs. 

I.  Anterior  and  posterior  dilators  of  the  nares  (fadal  nerve), 
>,  Levator  uf  the  ala  nasi  (facial  nerve). 
3.  The  musics  that  separate  the  lips  and  open  the  mouth  during  extrcma 

forced  rupiration — gasping— (lacia I  nerve), 
({f)  Musclts  of  Vu  palau  and  paarynx. 
1.  Elevator  of  the  veil  of  the  palate  (facial  nerve). 
3.  Azygos  of  the  uvula  (facial  nerve). 
i.  According  to  Garland,  the  i^arynx  is  always  narrowed 

B.  EXPIRATIOff. 

L  During  quiet  expiration  the  mze  of  the  tlior.'  '  '     -  -  t;>llv 

by  the  weight  of  the  chwt ■walls,  togetber  ""^^  " 
cartilages,  and  abdotniniil  muKClca. 


ACTION   OP   THE    INDIVIDUAL   RESPIRATORT   MUSCLES. 
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Q.  During  forced  expiration  the  following  munclet  an  vaiDloyed : 

1.  Tbc  abdominal  iiiur^clc  (internal  or  aoicrior  aWominal  nerves,  braaches  of 

the  in(«TCOot«l  nerves  from  lln.'  8iti  to  the  ulh). 

i.   [nl«mtU  intercojital  m'^sclc*  (t|]«  parts  lying  betvr««n  the  ribs),  and  ttaa 

infrACOSta!  niutclcs  (intetwfMtnl  nerves). 

3.  The  iriangular  muscle  of  tlic  fttcmum  <inl«rco«tal  non'csl 

4.  (?)  PoKtenor  inferior  serraius  (externa!  brandies  t>i  the  dorsal  nerves). 

5.  (?)  O^ailratiw  luinl)oruni  (muKculiir  liranchei  of  the  lumbar  plexus). 


ACTION  OF  THE  INDIVIDUAL  RESPIRATORY  MUSCLES. 

A-  Inspirstloa, — 1.  The  /itapJirjgm  arius  hv  six  proceawsfrom  the  six  lower 
eoAtAl  cartilagM  anil  cnniiguouB  om<oii«  pari^s  *>{  the  nhg  (coctal  portion) ,  by  three 
processes  from  the  uppcT  fovir  lumbar  vprn^brajtlumNarpnrtioTi).  and  from  Ihcetisi- 
form  proceu  (siemai  portion).  It  presenU  a  double  dome.  wiUi  the  convexity 
toward  th«f  thoracic  cavity,  and  c^inuiinx  the  liver  in  itn  larjjer.  liRht-sided  con- 
canty,  and  the  stomach  and  the  splrcn  in  its  Bmaller.  kh-sided  cavity  In  a  state 
of  real  the  intra -abdnminal  pressure  and  the  elajlicity  of  the  abdominal  wall  press 
these  orj^ns  against  the  unik'r  Mnrf.-ice  of  the  (1ia|>hra];m,  in  nuch  a  manner 
that  it  bulges  Into  Ihc  thoracic  cavity.  This  po&ition  is  niilcd  by  the  clastic 
traction  of  the  lun^.  The  central  part  of  the  diaphragm  (central  t'cndonl  U.  to 
a  iptat  extent,  fiised  on  its  up]>«r  surfac«  with  the  iK-ricanlial  »*c  Thit  part, 
which  Rtip^iorU  the 
heart  and  is  pierced 
by  the  inferior  vena 
cavn  (foramen  quad- 
riUWrum) ,  projects 
downward  into  the 
al>dominal  cavity  in 
a  state  of  rest ;  and  in 
caats  made  of  the 
diaphragm  it  can  be 
rccognijcd  aa  the 
lowest  part  of  the 
middle  portion  (Pig. 
So). 

Dtiring  con- 
traction of  the  dia- 
phragm the  two 
dome-like  projec- 
tions are  flattened, 
and  the  thoracic 
cavity  is  enlarged 
downward.  At  the 
same  time  the  dis- 
till, arched,  nniscular  parts  become  flatter,  and  are  drawn  away  from 
the  chest-wall,  to  which  they  are  closely  applied  during  expiration.  The 
middle  part  of  the  central  tendon,  upon  which  the  heart  rests,  takes 
no  considerable  part  in  the  movement  during  quiet  inspiration;  but 
during  forced  inspiration  it  also  is  depressed  to  a  certain  extent. 

In  the  Tcctunbcnt  posture  (especially  in  men),  wtlli  full  light  on  the  thorax, 
u*  contraction  of  the  diaphrai^m  can  often  be  seen  directly  in  ine  form  of  a  wnvc- 
«e  movement  be^nninE  in  the  sixth  intercostal  space  and  running  downward 
wrough  from  one  to  three  inicreoaial  spaces  in  accordance  with  tnc  depth  of 
uupi  ration. 

Tlie  diaphragm  undoubtedly  plays  the  most  importiint  part  in  enlarf^g  th« 

thorax.     Brucfci?   hirthcr  mnintAins   that  the  diaplifas^m,  besides  enlarging  the 

*noras  in  a  vertical  direction,  also  expands  the  lower  part  in  a  Iran.iverse  airec- 

"Vt:  umcly,  when  it  compresses  the  abdominal  organs  from  above,  the  latter 
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rio.  as.—FKiiiiii)  SMtioD  111  itw  ttMom  u  O*  EamfUvof  ibr Tmlfih  Kib  oa 

tach  Side  {».  C).  lu  nnilitfnllil»  itn  niini  iif  rtm  Till  ill  njiii  durina  £x- 
pir«iiaarZe-ZG)ukd<tiii(D«lupbraaea(Zt^ni  Tr-Tc.U)nndc»«Ula 
■  tuit  01  «plnilaa;  1  i,  durfBclatiintiiHi:  C  t.  ecnini  undog.  Th*  at- 
nw*  iikUiaie  Ui<  dirniiqa  ol  ibc  oxivccDcnli  duitas  ioipiiktlua. 
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3.  Mmscits  ActtMg  upcm  tiu  Sternum,  ike  CtavicU.  amd  ike  Spinal  Col' 
mmul — If  tbebeadbebridiaafixed  positioaibr  tbemusdesof  tbebu^of 
tbe  seek,  the  ctenuxMdo-nustoid  can  enlu^  the  tborax  m  an  upvard 
direction  by  nisang  tbenunnbrmm.  together  with  the  sternal  extremity 
ol  tbe  clavicle,  tbos  assisting  tbe  scalene  musdes.  In  like  manner,  but 
to  a  lesser  extent,  tbe  da%*icular  uuertJon  of  tbe  trapezius  may  beoorae 
efficient.  A  stretdring  of  tbe  dorsal  portion  of  tbe  vertebral  cctnmn  must 
resolt  in  an  elevation  of  ibe  upper  ribs  and  a  widenin]^  01  tbe  tniercostal 
iQMCes.  by  meansoi  which  the  inspirator^-  capacity  is  subeUntially  in- 
cieaied.    Dnrii^  deep  inspiration  tiiie  stretching  is  ^ected  tnvohmtanl}-. 

4.  In  forced  respiration  every  inspirattoo  is  accompanied  b^  a 
descent  of  tbe  larynx  and  a  widening  of  tbe  glottis.     At  tbe  same  time 

the  palate  is  raised,  in  order 
n  _  to  allow   tbe  air  to  enter 

witb  the  least  possible  resist- 
ance. 

S-  Forced  respiration  is 
first  made  evident  in  the 
face  by  an  inspirators*  dila- 
tation of  tbe  nostrils  {borse, 
rabtnt).  During  marked 
djrqmea  tbe  cavity  of  the 
moQtb  is  enlarged  with  eacb 
inspiration  by  a  dToppui;  of 
the  jaw  (gaspfaig). 

B.  Expiration.  —  ^tet 
expiration  is  accompl^bed 
without  muscular  effort.  It 
is.  first  of  all.  dependent 
principally  upon  the  weight 
of  tbe  tborax.  which  has  a 
tendency  to  fall  back  from 
its  elevated  position  to  tbe 
lower  expiratory  position. 
This  is  assisted  by  the  elas- 
ticity of  the  ^-arious  parts. 
Wljen  the  costal  cartilages 
are  ele^'ated,  their  lower 
borders  are  slightly  rotated 
from  helow  forward  and  tip- 
ward,  and  their  elasticity  is  thus  brought  into  play.  Hence,  as  soon  aa 
the  inspiratory-  forces  are  relaxed,  the  cartilages  return  to  thetr  lower 
and  no  longer  distorted  (xpiraton*  position.  At  the  same  time,  the 
elasticity  of  the  distended  lungs  draws  the  thoracic  walb.  as  wdl  as 
the  diaphragni.  together  on  all  sides.  Finally,  the  tense,  elastic  ab- 
dominal walls,  which  become  stretched  and  pushed  forward,  especially 
in  men.  return  to  their  non-distended  state  of  •^^  -"^-n  the  pressure 
of  the  diaphragm  from  above  is  released.     It  1  .«nt  that  when 

the  body  is  in  an  inii'erted  position,  the  effect  of  the  'ne-.grit  of  the  thorax 
is  removed,  and  is  replaced  by  the  wv'  '  abdominal   viscera 

pressing  ttpon  tbe  diaphragm. 

Among  the  muscles  that  are  bn 


II 


rta.li^-l.ILI 


tUhmlmtn^JkUmOK. 


gitWKMkt^oi 


DlMEKSrONS    AND   EXPANSIBILITY  Or  THB  THORAX. 


ai; 


respiiation.  tlie  abdominal  muscles  stand  foremost.  They  diminish  the 
size  of  the  abdominal  cavity,  and  thus  press  the  viscera  upward  against 
the  diaphragm.  The  triangular  mu&clc  of  the  sternum  draws  do-K-nward 
the  sternal  extremities  of  the  united  cartilages  and  bones  of  the  ribs 
from  the  thinl  to  the  &ixth,  which  liave  been  elevated  during  inspira- 
tion. The  posteriur  inferior  serratus  depresses  the  four  lowest  riiis,  the 
others  necessarily  following,  being  assisted  by  the  quadratus  lumbonim, 
which  is  capable  of  depressing  the  last  rib,  According  to  Hcnic.  how- 
ever, the  posterior  inferior  seiratUB  fixes  the  lower  ribs  so  as  to  with- 
stand the  pull  of  the  djapliragm.  thus  aiding  inspiration.  Landerer 
even  asserts  that  in  the  lower  parts  of  the  chest  the  movements  oi  the 
ribs  enlarge  the  thoracic  cavity  downward. 

In  the  erect  posture  and  with  a  fixed  spinal  column,  Aec^  inspiraiton  and 
expiration  are  jkccompAnied  by  a  dispIaMment  of  tlie  bodily  eqnilihriuin.  During 
inspiration  the  c<^titer  of  gravity  is  moved  slightly  forward  by  the  protrusion  of  tha 
chest  and  Uie  abdominal  walls.  In  deep  inspiration  the  siraigbtening  of  the 
spinal  column  and  the  conMqueiit  throwing  back  of  titff  head  act  as  a  compensation 
for  the  projection  of  the  anterior  Irunk-wall. 


DIMENSIONS  AND  EXPANSIBaiTY  OF  THE   THORAX. 

It  is  of  considerable  imporiancr  for  the  phj'sician  lo  know  the  dimensions  of 
the  thorax,  aa  well  ax  the  extent  of  its  expansion  in  various  directions.  With 
inspiration  the  thorax  is  enlarged  in  all  its  dinniulcrs.  The  diameters  of  the  thorax 
arc  determined  by  means  of  calipers;  the  circumfcrcucc  is  measured  by  means  oE 
the  ctntimcter  tape-measure. 

In  well-buiU  men  the  upper  circumference  of  the  chest,  close  tmder 
the  arms,  measures  88  cm.;  in  women  it  is  Sj  cm.  The  lower  circum- 
ference, at  the  level  of  the  en- 
sifonn  cartilage,  is  Sa  cm.  in 
men  and  78  cm.  in  women. 
When  the  arms  arc  field  hori- 
lontally  the  measurement  taken 
during  expiration  just  below 
Uie  nipples  and  the  angles  of 
the  scaputx  equals  haJf  the 
body-length,  that  is,  8a  cm.  in 
men;  during  deepest  inspira- 
tion it  is  8g  cm.  At  the  level 
of  the  ensifonn  cartilage  the 
circumference  is  about  6  cm. 
less.  In  old  persons  the  tipper 
circumference  is  diminished, 
being  smaller  than  the  lower 
measurement.  Usually  the  right 
half  of  the  thorax  is  some- 
what larger  than  the  left,  on  account  of  the  greater  muscular  de- 
velopment. The  longitudinal  diameter  of  the  thorax,  from  the  clavicle 
10  the  lowest  edge  of  the  ribs,  varies  considerably. 

The  transverse  diameter  (distance  between  the  lateral  surfaces)  is. 

L  men,  from  35  to  36  cm.,  above  and  below;  in  women,  from  23  to  24. 

Above  the  nipples  it  is  about  i  cm.  greater.     The  antero-postcrior 

r  (measured  from  the  anterior  surface  of  the  sternum  to  the  tip 

<  process)  ia  17  cm.  in  the  upper  part  of  the  thorax,  and  19  cm. 
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in  the  lover  part.  Valentin  found  thnt  dunng  deepest  inspiration 
men,  the  circumference  of  the  thorax  at  the  level  of  the  ensiJFormci 
lage  increased  between  ^'j  and  j;  Sibson  found  this  increase  to  be 
at  the  level  of  the  nipples. 

Various  instruments  h&vc  bccQ  dcvUcd  to  dcicmune  the  decree  ot  movement' 
(elevation  or  drprrMioit)  mad«  by  &  d«finite  part  of  the  thorax  ijuhnif  rvapiralioa. 
The  eyrzotHfltr  of  Woiltez  ii  quite  useful:  A  in«AsuhagchiLin  with  atilHv  inovable 

links  it  applied  to  the  outer  mir* 
face  of  ttw  thorax  in  a  definite 
ditectton,  for  example,  tmns- 
vvrsely  at  the  level  of  the  epi- 
gastrium  or  the  nipples,  or  p«r- 
pendicul&rly  throuen  the  mun- 
miUary  or  the  axillary  line.  In 
two  puces  the  linVft  are  loosely 
movable,  permitting  a  rvmoval 
of  the  chain  witliout  changing  ita 
forni  M  a  whole.  The  inner  out- 
line of  the  chain  is  trac«d  on  a 
sheet  of  paper,  and  the  form  of 
the  thorax  u  thus  obtained  (Fig. 
S>).  If  th«  instrument  is  first 
applied  in  the  stale  of  expiration, 
and  then  (lurinc  in kj)! ration,  there 
is  obtained  a  diagrammatic  rcprc- 
.sentation  of  the  extent  of  move* 
mcnt  in  the  various  ports  of  the 
thora-x.  The  same  purpose  is 
served  hy  nhadow-dioLcrams  or 
photomuns  taken  at  the  various 
periods  of  respiration .  A  complt- 
cat  ed  Apparat  us  has  also  been 
constructed  of  numerous  little  rods,  which  rest  on  the  thorax  and  rise  and 
fall  with  the  respiratory  movement  and  can  be  lixed  in  a  given  position. 

The  ikoraeomtUr  of  Sibson  (Fig,  83)  measures  the  elevatii>n  nf  tvlected  part* 
of  the  sternum.  It  consists  of  two  metal  rods,  joined  at  right  angles,  of  whicn  one 
(A]  is  applied  to  the  spinal  column.  On  B  is  the  movable  arm  C,  which  carries 
at  ita  end  the  toothed  bar  [Z)  directed  perpendicularly  domiward.  The  latter  is 
supplied  with  a  spring,  and  en<l!t  below  in  a  ball,  which  rests  upon  that  part  of 
the  sternum  to  be  investigated.  Tlir  toothed  bar.  by  means  of  a  small  cogwheel, 
moves  tlic  indicator  (o),  which  shows  the  excursions  ol  the  sternum  on  an  enlarged 
scale. 

RESPIRATORY  EXCURSION  OF  THE  LUNGS. 

The  boundaries  and  the  size  of  th«  tutigs  in  a  state  of  rest  on  the  ante- 
rior surface  of  the  thorax  are  shown  in  Fig.  34.  The  shaded  bounda- 
ries L  L  indicate  the  borders  of  the  Ittngs.  while  the  dotted  lines 
P  P  show  the  extent  of  the  parietal  pleura  (boundaries  of  the  pleural 
cavity).  In  the  living  subject  the  extent  of  the  lungs  can  be  detcnnined 
by  percussion,  that  is.  by  striking  the  chest -wall  (through  an  interposed 
thin  plate  of  horn  :  Piorry's  plcssimeter)  by  means  of  a  small  cushioned 
hammer  (Wintrtch'a  percussion -hammer).  Wherever  puimonar>'  tissue 
containing  air  lies  in  contact  with  the  chest-wall,  a  sound  is  obtained 
like  that  produced  bv  sinking  a  vessel  containing  air  (resonant  per- 
cussion-note). Where  the  underlying  parts  contain  no  air,  the 
is  like  that  produced  by  striking  the  thigh  (flat  percussion-n' 
the  parts  containing  air  are  thin,  or  ar«  partly  deprived  of  the 
note  is  dull. 

Fig.  84  In  connection  with  Fig.  34  shows  th«  boundaries 
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on  the  Anterior  chest-wall.  The  apices  of  the  lungs  extend  above  the 
clavicles  anteriorly  to  a  distance  ol  from  3  to  7  cm.;  on  the  posterior 
surface  they  extend  above  the  spines  of  the  scapula;  to  the  level  of  the 
seventh  spinous  process.  On  the  right  side  the  lower  border  of  the 
lung,  in  a  position  of  rest,  begins  at  the  right  edge  of  the  stcmura  at  the 
insertion  of  the  sixth  rib.  and  extends  horisonially  outward  to  about  the 
upper  edge  of  the  sixth  rib  in  the  mammiUary  line,  and  the  upper  edge 
of  the  seventh,  rib  in  the  axillary  line.  On  the  left  side  (apart  irom  the 
position  of  the  heart)  the  lower  border  of  the  lung  extends  downward 
for  the  same  distance.  In  Fig.  84  the  line  at  b  indicates  the  lower 
boundary  of  the  lungs  in  a  state  of  rest.  Posteriorly,  both  lungs  extend 
to  the  tenth  rib. 


IFM.  B4. — ToptViii^)'  Dl  Itic  boundulcs  <•!  Uif  iMiist  ■nd  the  llt.in  ilunnjf  Iii>[iirjti!>n  and  Enawdon 

(llttf   r,     DukJi). 


During  the  deepest  possible  inspiration  the  lungs  descend  anteriorly 
below  the  sixth  rib  as  far  as  the  seventh;  posteriorly  as  far  as  the  eleventh 
rib.  At  the  same  time  the  diaphragm  withdraws  from  the  wall  of  the 
thorax.  During  forced  expiration  the  lower  borders  of  the  lungs  rise 
almost  for  the  same  di.«ance  as  they  sink-  during  inspiration.  In  Fig. 
84  tlie  line  m  n  shows  the  limit  of  the  border  of  the  right  lung  during 
(3«p  inspiration,  and  h  1  indicates  the  same  border  during  complete 
expiration. 

'"-•ceo  the  border  of  the  left  lung  and  the  heart  de- 

■ion.     In  Pig.  34  may  be  seen  an  almost  triangular 

'  ■"     -lemuni  from  tlie  middle  of  the  inser- 

rib.     This  space  represents  that  part 

irmcl  canlact  -.rj^HBtBbest-watl  when  the 
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thorax  is  at  rest-  Wiibintheselimits.representedby  the  triangle  t  t'  t" 
in  Fig.  84.  percussion  >-ields  tfac  cardiac  dutness ;  that  is,  a  flat  per- 
ctission-note  is  obtained  here. 

In  the  larger  triangle  d  d'  d"  a  relatively  thin  layer  of  pulmonary 
tissue  separates  the  heart  from  the  chest-wall,  and  a  dull  note  is  obtained  ^ 
on  percussion.  Only  outsUle  this  triangle  is  the  so-called  pulmonary  H 
resonance  obtained.  On  deeper  inspiration  the  inner  border  of  the  left 
lung  passes  completely  over  the  heart,  as  far  as  the  mediastinal  insertion 
(Fig.  34).  and  thus  the  flat  percussion -note  is  confined  to  the  small  tri- 
angle t  i  i'.  On  the  other  hand,  during  forced  expiration  the  edge  of  the 
lung  recedes  so  far  that  the  cardiac  dulne&s  embraces  the  space  t  e  e'. 

VARIATIONS    FROM    THE     NORMAL    PERCUTORY    CONDITIONS     | 

IN  THE  THORAX.  ™ 

The  investigatioQ  of  the  normal  pcrcutory  conditions  and  cbcir  pathologica] 
vviations  is  of  the  grcateM  importance  for  the  physician.  Sudc^^toos  of  percua- 
sion  (abo  of  the  abdomen)  an  foiund  as  far  back  as  Arctaeuf  (St  A.  D.).  The 
r«al  discoverer,  however,  is  Aucnbniegcr  (<3.  1S09),  whose  fuii<lftni<-ntA]  work  was 
elaborated  ofpeeially  by   Piorry  ana  Skoda;  tb«  tatlrr  d«vYlop«d  the  phy»ca] 

OwT  the  arcs  of  the  lungs  the  otherwise  c1«sr,  resonant  pcrcussion-iiote  is  ^M 
impaired  when  ilu  lungs  have  to  a  greaier  or  lesser  extent  lost  their  normal  air-  ^M 
content:  an  atrles  space  of  4  sq-  cm.  on  the  outer  surface  of  the  lungs  will  yield 
a  dtiU  note.  The  note  is  impaired  also  when  the  lung  is  compressed  from  without. 
The  percussion-note  is  touder  or  byperresooaot  in  lean  individuals  with  thin  cheat- 
walls,  or  after  deep  inspiration,  or  in  the  condition  of  permanmt  expiuukm  that 
occurs  in  cmphrsenutous  pcnons. 

It  should  also  be  noiea  whether  the  pcrcussioo-note  Is  of  high  or  of  low  pitch ; 
this  quality  being  dependent  to  ft  certain  extent  on  the  decree  of  tension  in  the 
elastic  pulmonary  tistoe,  but  especially  00  the  tension  o£  the  thoracic  wall.  As 
this  tension  is  toereased  during  inspiration,  and  diminished  during  expiration, 
there  abotih]  be  recognised  a  corresponding  difference  in  The  pitch  of  the  note. 
Deepest  inspiration  i»T>doc«8  a  higher  pitch,  on  aeeount  of  the  tncrvased  tanaioo 
of  the  chest-wall  and  the  lungs:  but  at  the  same  time  the  note  diminish^  in  dura- 
tion and  intensity,  as  the  more  highly  stretched  parts  possess  a  diminished  ampli- 
tude of  vibradon.  Sometimes  in  the  terminal  phase  of  the  dcepcat  possible  in> 
tpiratioQ  there  occuis  still  aiwthcr  chance  in  the  percussion-note,  in  that  there  is 
produced  a  certain  restoration  of  the  depth  and  intensity,  falling  Bbort,  howev«r, 
of  the  orietnal  vohiBW.  During  cooiplcte  expiration  the  intensity  is  lesseiied  and 
the  pitch  lowered. 

Percussion  of  the  larynx  and  the  trachea  \nelds  a  clear  tvmpmnitie  n/ite.  whose 
piteh  depends  upon  the  site  of  the  cavity.  The  nolo  is  highest  when  th*  mouth 
and  ihe  noee  are  open,  or  when  the  tongue  is  protruded,  or  when  nraimng  efforts 
are  made  with  closed  glottis:  it  becomes  lower  when  the  head  i«  extended  back- 
ward, or  during  the  act  of  swallowing,  as  well  as  during  intonation.  It  is  higher 
at  the  end  of  deep  insptratioa  than  dnrmg  expiration.  Aflcctions  of  the  lungs 
that  lessen  the  nonnal  tenstoo  lower  the  pitch  of  the  note. 

^'hcn  the  perctuaion-iMte  partakes  of  a  dmm-like  character,  approaching  a 
musical  sound,  with  distinguishable  high  and  low  pitch,  it  is  termed  tympanitic. 
If  a  hollow  rubber  ball  applied  to  the  ear  he  tapped  with  the  finger,  a  typical 
tympanitic  sound  will  result,  the  pitch  of  which  is  higher  the  smalWr  the  diameter 
of  the  ball.  Tapping  the  trachea  in  the  neck  will  also  yield  a  tympanitic  note. 
The  tympanitic  tK>te  coRsists  of  a  primary  tone,  together  with  several  harraoak 
overtones,  arising  from  an  airspace  mrrotntded  by  rnaxed  and  movable  walls  Ifiut 
non- tympanitic  tone  consists  of  the  iDcmbnme-tonc  of  ft  tightljr  stretched  w«in. 
The  tympanitic  note  in  the  chest  is  always  erf  t>atholoeicu  orvin.  It  is  touad 
in  the'  presence  of  a  cavity  within  the  lung-sul   ■  -a  the  mouth  is  c]c:,ac&. 

and  especially  when  the  nose  is  dosed  at  the  sani'  note  becomes  de^j^si, 

also  in  the  presence  of  air  in  a  pleural  cs-'*-  as  wcU  m  -n  association  with j^jjdto- 
isbcd  tension  of  the  puhwwarr  "mrtie  note  is  ck»ly  al^l^V. 

metallic  tinkling,  which  arte  wdnwoary  cmntica,  -^^jTf^ 
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as  when  th*  pleuial  cavity  contains  Rir,  when  tbe  conditiimt  are  suitable  for  a  more 
uniform  reflection  of  the  sctuntl-v.-arcs  within  the  cavity.  When  a  pcrcussion- 
•troke  is  made  over  cavities,  especially  in  ihc  upper  anterior  part  oi  the  lung, 
the  air  at  times  escaT>e»  with  tv  peculinr  rinsinx  and  hia!ttn£  itound — the  cracked* 
pot  sound  (or  cotn-soiind) . 

In  pracliiins  pcrcussioa  it  should  bo  obscrvtd  by  the  sense  of  touch  whether 
the  oaoerlyuiii;  purts  offer  a  {eeling  of  greater  or  leaser  rettisttuice  tu  the  stroke ;  and 
at  the  sune  tune  the  vibratory  power  may  be  noted.  Under  normal  conditions 
small  vjbratoiy  power  is  associated  with  a  weli-dcvel«jped  bonv  (rameworli,  thick 
«)(t  part4,  and  tense  muaelcB.  Pathologtcally.  lessened  vibration  always  occurs  in 
connection  with  an  aiileu  condition  of  the  lungs,  and  is  associated  with  a  dull 
percussion -note.  Diminutioti  d(  the  resistance  to  the  percuwion -stroke  is  found 
normally  in  slender  cheats.  Pathologically,  it  occurs  when  there  is  a  considerable 
amount  oi  air  under  the  chest-wall,  hence  in  the  presence  of  pneumothorax  and 
of  abnormal  expansion  of  the  lunjrn  by  means  of  air. 

If  the  handle  of  a  tunmg-fork  be  placed  upon  the  chest-wall,  the  fork  will 
sound  loud  over  spaces  lilled  with  air,  and  will  yield  a  weak  note  over  spaces 
containing  little  or  no  air  (Baas'  phoncimetr>-}. 


THE  HORJiAl  RESPIRATORY  SOUNDS. 

By  listening  over  the  chest-wall,  either  directly  or  by  means  of  a 
stethoscope,  the  vesiiular  muTmur  can  be  heard  dtiring  inspiration, 
wherever  the  lungs  are  in  contact  with  the  walls  of  the  thorax.  The 
character  of  this  sound  can  be  imitated  if  the  mouth  be  placed  in  the 
position  necessary  for  the  act  of  sipping,  and  a  eotind  between  f  and  v 
be  softly  emitted.  The  sound  is  a  sipping,  rustling,  hissing  one.  It 
is  due  to  the  sudden  expansion  of  the  pulmonary  vesicles  by  the  entrance 
of  inspired  air  (hence  the  tenn  \"esicular)  and  also  to  the  friction  of  the 
air  passing  through  the  alveoli.  The  sound  is  at  times  softer,  at  times 
louder.  It  is  constantly  louder  in  children  under  the  age  of  twelve 
years,  as  the  air-vesicles  are  one-third  narrower  than  in  adults,  and 
cause  greater  friction  with  the  entering  air. 

During  expiration  the  air,  when  lea\-ing  the  vesicles,  gives  rise  to  a 
weak  puffing  sound  of  an  uncertain  soft  character. 

The  cardiopulmonarj'  murmur  heard  in  the  vicinity  of  the  heart  when  the 
latter  cootracts  during  systole  likewise  has  a  vesicular  character. 

Bronchial  brealking  may  be  heard  in  the  larger  air-passages  during 
inspiration  and  expiration,  and  resembles  the  sound  of  a  loud,  sharp  h 
or  sh.  Outside  of  the  neck  (larynx  and  trachea)  it  may  be  heard  be- 
tween the  shoulder-blades  at  the  level  of  the  fourth  dorsal  vertebra 
(point  of  bifurcation),  especially  during  expiration.  It  is  somewhat 
louder  to  the  right,  on  accotint  of  the  larger  caliber  of  the  right  bronchus. 
In  all  other  parts  of  the  thorax  it  is  obscured  by  the  vesicular  murmur. 
The  bronchial  breathing  arises  entirely  in  the  larynx,  from  the  forma- 
tioa  o£  air-vortices,  by  reason  of  the  marked  confitriction  of  the  air- 
pusage  at  the  glottis.  This  laryngeal  stenosis-sound  causes  a  resonance 
oi  the  tracheo-bronchial  air-column,  and  thus  produces  the  specific 
character  of  bronchial  breathing,  which  the  listener  hears  transmitted 
Along  the  large  tubes  of  the  bronchial  tree. 

It  has  been  maintained  that,  if  the  air-filled  lungs  of  an  animal  be  applied 
to  the  n«ck  over  the  larynx  or  trachea,  the  bronchial  breathing  produced  there 
•in  beconu  vesicular.  In  that  case  it  must  be  supposed  that  vesicular  reapiration 
Bfites  from  a  wenkenini;  and  acoustic  trarmforraation  of  tubular  respiration  by_  its 
transference  through  the  8ir-\'e8ielcs,  Added  to  this  is  the  fact  that  it  is  impossible 
to  produce  any  sound  by  forcibly  driving  air  through  ^larrow  straws. 
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PATHOLOOICAL   RESPIRATOBY  SOUNDS. 


Curing  forced  reRpiration  rustling  sounds  oft4sn  arise  at  the  mouth 
and  nostrils;  with  these  sounds  the  primary  tone  of  the  oral  cavity 
(usually  the  vowel-sound  ah)  is  often  mingled  in  mouth- breathing. 

PATHOLOGICAL  RESPIRATORY  SOUITDS. 

Tbe  reconiition  of  ilic  ntii-cuMii>n-smiiiil .  lIic  (rictiDn-st>uiid.  and  manjrcatar* 
rbal  sounds  oatea  back  ;o  llippocratct  (.4^0^371  ^'  C).     Vbs  actual  iouodatlon  o{  ' 
Kuaculuitioii  on  a  physical  Uiuia  was  laid  by  Lacnacc  (1816J,  and  tu  cUukal 
development  i»du«  to  Skoda  <iti.)v}. 

JBroHckial  hieatkmg  arises  over  the  entire  area  of  the  lungi.  citb«r  when  tb* 
air-vesicles  have  bocomc  airloat  (through  exudation)  or  M-hon  the  lungs  are  eow- 
pressed  from  wiihout.  In  both  cases  the  condensed  pulmonary  tissue  conduct! 
the  broocbial  respirittion  to  the  wulU  of  the  thumx.  Brwichial  breathing  will 
also  be  heard  ovtr  patholomcal  cavities  of  considerable  size  that  communicaic  nith 
a  larse  bronchus,  provided  the  cavittee  lie  suitlcicnUy  ncif  the  thoracic  v-M  jind 
have  walls  of  considerable  recistancc.  U  there  is  no  movement  of  air  in  the  ca^'ity, 
the  sounds  may  be  wholly  conducted  out  through  the  trachea :  or  during  expiration 
a  stenosis-sound  (like  that  at  the  glottis}  may  arise  in  Ihc  cotnmunicating  bronchus, 
and  may  be  rendered  amf>u/Tic  by  the  resonant  cavity. 

Amphoric  breatSuHg  rctemblcs  the  sound  produced  by  blowing  across  the 
mouth  of  a  bottle.  It  may  arise  when  then  occurs  in  the  lungs  a  cavity  at  least 
the  sue  of  a  hst,  through  which  the  air  passes  in  such  a  manner  that  there  is  pro* 
duced  the  chaiacuriRtic  sound,  witli  a  peculiiir  metallic  echo.  If  the  lung  ia 
partly  expansible  and  contains  air,  and  the  pleural  cavity  also  contains  air.  tha ' 
resonance  of  the  latter,  together  with  the  exchange  of  air  in  the  lung,  will  also 
produce  the  amphoric  sound 

If  tbe  respirator^'  sounds  have  no  definite  character,  so  that  they  oscillate 
between  vesicular  and  bronchial  breathing,  they  arc  termed  imicfiniit  resfiratory 
sounds.  Frequently  a  deep  respiralioo  or  expectoniticm  of  mucus  will  mAke  the 
character  of  the  sound  more  evident. 

U  the  air  meets  with  resistance  in  its  psuace  through  the  lunj^,  various 
pbenomeiu  may  result:  ip)  At  times  the  mr-vciic1«s  .-tre  not  all  filled  ^imult^nc- 
eosly,  but  intermittently.  This  occurs  (especially  at  the  apices)  when  partial 
swelling  of  the  walls  of  the  air-passages  obstrucu  the  steady  interchange  of  air; 
eopvluA  nsfiitatitm  is  the  result.  Occasioiiall^  this  is  beard  in  perfectly  normal 
lungs,  when  the  muscles  of  the  chest  contract  m  an  intermittent  fashion,  (fr)  If  a 
l>ronchus  leading  to  a  pulmonary  cavity  is  oarrowed  in  suci)  manner  that  the  air 
meets  with  a  temporary  resistance,  the  inspiratory  sound  is  at  first  like  that  of 
a  loud  G.  and  then  goea  over  during  the  latter  two-thirds  of  inspiration  into  a 
brxmchiul  or  amphoric  sound.  This  is  termed  a  metamorphosing  sound,  (e)  Raise 
arc  pi(>duccd  in  the  larger  air-passages  when  the  air  causes  bubbling  of  the  con- 
tained mucus.  In  the  smaller  air-spaces  rales  arise  either  when  the  walls  of  tit* 
latter  are  separated  from  the  fluid  contents  during  inspiration,  or  when  their  walls 
are  in  contact  and  are  suddenly  separated  from  each  other.  Rales  are  distmguished 
as  moitl  (arising  in  watery  contenu)  or  as  dry  (in  tough,  tenacious  conteals); 
further,  as  insptratory  or  txpiraiary.  or  conlinuous:  also  coarst.  fittt.  or  imgtilar 
rales,  the  high-pitched  crfpiienj  rales,  and  finally  the  mttollu  tinkling  rales  produced 
by  the  resonance  of  largecavities,  (d>  If  the  mucous  membrane  of  thebronchiis 
so  swollen  or  so  covered  with  mucus  that  the  air  must  force  its  way  throtigh, 
there  arises  frec)uently  in  the  larger  passages  a  deep  humming  purr — lomoroiu 
Tkcmekus;  and  in  the  smaller  tubes  a  clear  whistling  sound — sihUont  rkonchus. 
Is  eaacs  oE  widespread  bronchial  catarrh  a  thrill  may  often  he  felt  in  the  chcst- 
yn3X—hvonelttal  frfmitni — caused  by  the  numerous  rales. 

When  the  lung  is  collapsed  and  the  pleural  cavity  contains  fluid  and  air, 
a  sound  may  bo  heard  on  shaking  the  che«t,  mmilar  10  thnt  nrcvluewl  by  shaking 
a  large  bottle  containing  water  and  air— the  suctussion-iplasli  of  Hippocrates. 
Rarely  a  higher-pitched  similar  sound  may  be  heard  in  pulmonary  cavities  tha 
nse  of  a  fist. 

When  the  opposed  layers  of  the  pleura  arc  rouj;hcncd  hy  inflammatory 
processes,  and  rub  against  each  other  in  the  act  of  respiration ,  a  jriction-phtnonunon 
IS  produced.  This  may  be  partly  felt  (often  by  the  patient  himself)  and  partly 
heard.  Tlie  sound  is  usualljf  creaking,  and  may  be  compared  to  that  prcduoed 
by  bending  new  leather.  Friction-sounds  are  prMucftd  also  by  the  heart's  aetion 
between  the  two  lavers  of  the  diseased  roughened  pericardium. 
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Dunns  loud  speaking  or  singing  the  chest-wall  vitirates — vocal  frenUins — as 
a  cnnscquerti-c  ot  ilie  uro]>i2ation  thmtiKl>(nit  xhc  bronchial  trrc  of  the  vibraiions 
of  the  voca!  bands.  This  vibraiion  naiurally  is  most  pronounced  in  the  region  of 
the  trachea  and  the  large  bronchi.  If  the  ear  be  anuiied  to  the  cheat-trail,  the 
voice  can  Ire  heard  only  aa  an  unintelligible  hum.  If  the  pleural  cavity  contains 
air  or  a  Inr^c  cilim^n,  or  if  the  bronchi  arc  occluded  by  Urge  quantities  of  mucus, 
the  vocal  fremitus  U  weakened  «r  entirely  abx.nl.  On  Uie  other  hand,  all  (actors 
that  cauM  bronchial  breathing  null  increase  the  voeal  (remitui.  Hence,  the  !,vtt«r 
will  be  more  marked  also  in  choce  localitiei;  where  bronahml  hniathing  is  h^ard, 
even  under  normal  conditions.  The  car  ivndcr  such  circumstances  will  bear  the 
sounds  conducted  to  the  chest-wall  with  increased  intensity.     This  is  termed 

If  a  pleural  etTusion  or  a  pulmonary  inflammation  causes  a  flattcnine  of  the 
bronchi,  the  sound  of  the  voice  in  the  chest  sometimes  assumes  a  peculiar  bleating 
quality  — tg^phcny. 

Doubtless  the  xradations  of  increased  or  diminished  fremitus  could  be  readily 
demonstrated  by  means  of  th«  sensitive  flame  {observed  iti  a  roialing  mirror)  or 
by  the  use  of  the  microphone.  For  the  forroer  there  should  be  employed  an  appa- 
ratus similar  to  the  gas-sphygmoscope,  with  the  lower  part  widened  m  tlu!  soapt 
of  a  tunnel. 


PRESSDRE  IN  THE  AIR-PASSAGES  DURING  RESPIRATIOR. 

If  a  manometer  tic  fastened  in  the  trachea  of  an  animal  in  such  a  manner 
that  rcspiraiioti  is  not  interfered  with,  the  inatruincnt  will  slio^t-  a  negative  pre&sure 
( — J  mm  oi  tncrcury)  during  inspiration,  and  a  posilive  pressure  during  expira- 
tion. Donders  has  moditied  this  experiment  for  man  by  introducing  a  U-shapcd 
manometer- tube  through  one  nostrt!,  and  instructing  the  subject  to  breathe  quietly 
through  the  other  nostril  with  the  mouth  closed.  Ho  found  that  during  each 
quiet  mspiration  tlie  mercury  showed  a  negative  pressure  of  t  mm.,  and  during 
eachexptr^tionapositive  pressure  of  3  or  3  mm.  Aron  experimented  with  patients 
having  a  tracheaT  fistula  as  the  result  of  operation,  and  found  during  mspiration 
a  pressure  of  from  — i  to  ^^.6  mm.  of  mercury,  during  expiration  from  +0.7  10 
+  6.3  mm.  of  mercury.  In  speaking,  the  corresponding  fluctuation  was  from 
—4  to  +7,  and  when  coughing  from — 0  to  +46.1. 

As  soon  aa  the  air  i.s  drawn  in  and  expelled  with  greater  force,  the  iluctuations 
of  pressure  become  more  marked,  especially  in  the  acts  of  speech,  singing,  and 
coughing.  If  forced  respiration  be  practised  with  the  mouth  and  one  nostril 
closed,  so  that  tlie  respiratory  canal  communicates  only  with  the  manometer, 
the  greatest  inspirator^' pressure  is  — 57  mm.  (between  3Q  and  74),  and  the  greatest 
expiratory  pressure  is '4- 3t  (between  5j  and  lool  mm, 

■^  Notwithstanding  the  bigher  expiratory  pressure,  it  must  not  be  inferred  that 
the  expiratory  muscles  are  stronger  than  those  of  iDspiratton.  for  dunnt;  the  latter 
act  a  scncs  of  reaiating  Turns  mu»t  be  overcome,  leaving  u  much  diminished 
supply  of  force  for  the  aspiration  of  the  mercury.  These  resisting  forces  are:  (i) 
Ttie  clastic  tendon  of  the  lungs,  which  amounts  to  6  mm.  during  complete  ex- 
piration, but  reaches  30  mm.  during  deepest  inspiratton.  (3)  The  lifting  of  the 
w«ighl  of  the  thorax,  (jf  The  clastic  torsion  of  the  costal  cartilaecs.  {4)  The 
depression  of  the  abdominal  ^'isccra  and  tho  clastic  distention  of  the  abdominal 
walls.  AH  these  resisting  forces  aid  the  expiratory  muscles  during  expiration. 
With  these  facts  in  view,  then;  is  no  duubt  that  the  combined  strcngin  of  the 
hupiratory  muscles  is  greater  than  that  of  the  expiratory  muscles. 

As  the  lungs,  by  reason  of  their  etasLicity.  have  a  tendency*  to  collap!«,  the^ 
naturally  exert  a  negative  pressure  within  the  thoracic  caxntv.  In  dogs  this 
amounts  to  from  ;.i  to  7.5  mm.  of  mcrcur>-  during  inspiration,  while  in  exptration 
it  is  naturally  less,  namely  only  4  nuit.  The  analogous  values  obtained  Ijy  Jidercnt 
investigators  on  the  dead  body  vary;  Hutchinson  fixes  them  at  4.5  mm.  and  j  nun. 

The  greatest  pressure  during  inspiration  and  expiration  socms  small  when 
compared  to  the  blood-pressure  m  the  lar^o  arteries.  If,  however,  the  pressure* 
values  obtained  for  the  respired  air  be  estimated  for  the  entire  mperfices  of  th* 
thorax,  considerable  results  are  obtained. 

To  measure  the  muscular  respirator^'  power  in  case  of  illness,  a  U-shaped 
mercurial  manometer  may  Iw  employed,  pnjvidcd  with  Mn  attachment  suitable  for 
introduction  into  a  nostnl  or  the  mouth  (Waldenburg's  pntumaSomstn) .  The  in- 
spiratory pressure  alone  may  be  reduced  (in  the  presence  of  almost  all  diseases 
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bands  that  arc  strctchrd  (or  hi);h  notes*  and  are  alternately  approximated  anA 
scj>arai«d,  while  characteristic,  laaniculatc  eounds  arc  emitted  iroai  the  lar>'cui, 
with  vibriitioaii  of  the  soft  palate.  The  mouth  is  usually  open,  and  the  laxt  ta 
drawn  into  a  charncterirtic  poiiilian  by  the  zyKomaticu*  tnnjor  (not  the  risbriua 
muscle).  Laughing  it  usudliy  aronwd  involuntarily  hy  agrwable  concftplions,  or 
by  feeble,  eensofy  irritAtion.'  such  as  tickling.  It  may  to  a  cn^ain  extent  be 
reprewcd  by  the  vill,  as  by  ibrdbly  closing  the  mouth  nnd  holding  the  breath: 
also  by  painful  irritation  o(  aeniory  nerves,  as  by  biting  the  toni^c  or  the  lips 

Yawning  consists  in  a  prolonged,  deep  inspiration,  ntth  the  mouth,  the 
palaUl  arch  and  the  glottis  widely  cppen.  succcuively  calling  into  play  numerous 
inspiratory  muscles.  Expiration  is  shorter,  and  tmth  nri-  often  accompanied  hy  a 
prolonged,  characteristic  sound.  There  also  occurs  frequently  a  general  stretching 
of  the  bodily  muscles.  The  act  is  always  involuntary,  being  usually  incited  by 
sleepiness  or  monotony. 

CHEMISTRY  OF  RESPIRATION. 

The  problem  here  is  to  estimate  qualitatively  and  quantitatively 
the  gases  expelled  during  respiration.  If  the  resuJis  be  compared  with 
the  gaseous  composition  of  inspired,  atmospheric  air,  a  picture  may  be 
obtained  of  the  interchange  of  gases  occurring  during  respiration. 

QUAMTITATI\'E    ESTIMATION    OF   THE    CARBON    DIOXID,    THE 

OXYGEN,  AMD  THE   AQUEOUS  VAPOR  IN   GASEOUS 

MIXTURES. 

Estimation  of  the  Carbon  Dloxid. 

Thi!  iii'i'Mf-'if  of  carbofi  tlio.tid  may  be  estimated  by  means  of  Vierordt's 
BnthTocoMteirr  (Fig.  85.  11).  The  gsseous  mixture  is  received  and  enclosed  in  a 
graduated  tube  r  r.  previously  filled  with  water,  and  provided  at  on«  end  with 
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Wn.  I5.— I.  Appustni  (m  iht  CoOxtloD  id  Zttttni  Air  lilttt  Aninl  u>d  Cawni). 
11.  Ciil  Vwratdi'a  AnUuxamcin. 


a  bulb  of  known  eapacity.  Tbe  bottle  n.  filled  vith  a  solution  of  potassium 
hydrate,  is  then  screwed  on  the  end-piece  h.  The  stop-cock  is  opened,  and  the 
potassium-solution  is  allowed  to  run  up  into  the  tube,  the  latter  t>eing  agitated 
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nuitil  all  the  carbon  dioxtd  is  absorbed  b^  the  poi&asiuni,  with  the  fomuf 
tion  of  pobuBiuni  carbonate-  Then  th«  sohition  in  allowed  to  run  back  into  the 
battle,  th«  stop-cock  IS  cIoMsd,  and  the  pot ftssium- bottle  is  removed.  The  cud  of 
th«  tubo  is  dipped  into  xvatrr.  and  the  latter  is  allowed  to  rise  in  the  tube.  The 
volume  of  water  thus  admitted  is  eqtial  to  the  volume  of  carbon  dioxsd  removed 
by  tlie  potASKium-Mciluttuii. 

DeUTTMiManan  by  Wfigkt.—A  considerable  volume  of  the  gaseous  mixture 
is  passed  through  Licbtg's  bulbs,  tilled  with  a  solution  of  potassium  hydrate  and 
orranxed  in  a  combination  such  as  that  of  Schnrling's  apparatus  {Pig.B6,  e,  i,  g). 

DtUrmination  by  Titralivn.—A  considerable  volume  of  the  air  to  be  exam- 
ined is  conducted  through  a  dciinitc  quantity  of  a  known  aolutioa  of  barium 
hydrate.  The  carbon  diuxid  combines  to  form  barium  carboniite,  The  solution 
is  then  neutralised  with  a  titrated  solution  of  oxnlic  acid.  The  quantity  of  oxalic 
acid  necessary  to  netilraiire  the  remaining  barium  hydrate  varies  inversely  with 
the  amoimi  ot  barium  already  combined  with  the  carbon  dioxid. 

Estimation  of  the  Oxygen. 

The  volume  of  oxyRcn  may  be  determined  in  two  ways:  (a)  Bv  combining  the 
gas  with  potassium  pyrngallate.  \'icrordc'K  Bnthmcomcter  may  be  employed  for 
ihia  purpoBP,  substituting  a  solution  of  potassium  pyrogallate  for  that  of  potassium 
hydrate.     (£•>  By  explosion  in  an  eudiometer. 

Estimation  of  the  Aqueous  Vapor. 

Tiie  volume  of  atr  to  he  t:xxim\net\  i,i  allowed  to  pass  either  through  a  bulb- 
apparatus  containing  concentrated  sulphuric  acid,  or  through  a  tube  oiled  with 
pieces  of  calcium  colorid.  In  both  cases  the  water  is  energetically  atetracted, 
and  the  increate  in  weight  will  give  the  amount  of  water  tii  the  air  examined. 

METHODS  OF  INVESTIGATIOIT. 

Collecting  the  Expired  Air. 

If  only  Uie  gases  uxhaled  from  the  lungs  arc  to  be  collected,  the  beU*jar 
of  the  spirometer  (Fis-  76)  may  be  u^d.  suspended  in  a  concentrated  solution 
of  sodium  chlorid  to  limit  the  gas-absorption.  Andral  and  Qavarret  permitted 
aevcrel  successive  expirations  to  be  made  into  a  large  bcU-jar  (Fij;.  Sj.  I,  C). 
For  this  purpose  a  mouth-piece  M  was  applied  in  an  air-light  manner  over  the 
mouth,  the  nostrils  being  closed;  the  direction  o(  the  air-current  was  regulated  by 
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means  of  two  ao^alled  Muller's  mercurial  valves  (a.  b].  which  allowed  the  air  to 
pass  only  in  the  direction  of  the  arrows. 

If  the  EBses  given  oil  from  the  skin  during  perspiration  arc  to  beinve:^tiKiLTed, 
as  well  as  those  from  the  lun^s,  then  the  subject  must  be  placed  in  a  closed  cham- 
ber, from  which  the  gasc»  mav  be  irithdraivn  for  experimental  purposes. 

The  Host  Important  of  tho  Respiration  ApparattM. — (a)  The  apparatus  of  Schar- 
hng  (Fig  86)  consists  pnmiinlv  ol  a  cloitd  chamber  A,  eapable  ot  eontainmg 
a  htunan  being.  The  ch.imher  has  an  «ffefcni  opening  z,  and  an  cfTcrent  opening 
b.  The  latter  is  conncetrd  with  an  aspirating  contrivance  C.  consisting  of  a  good- 
sized  barrel  filled  with  water.     Ii  is  evident  tliat  when  the  water  flows  out  of  the 
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iinpairing  the  exponnon  ot  the  Iuoks).  or  only  the  expintory  pmsnre  may  fall 

iin  c&sca  of  cmphyscmA  snd  oi  uthma).  or  berth  may  dc  nruccned  (as  occurs  is 
eeble  pereona) . 

\t  a  forced  uuptTation  rarefies  the  air  in  the  air-|>aaffaKes.  lh«  trachea  and 
brottchi  become  naiTCrwcd  and  shc-rtcncd;  the  reverse  occurs  during  cxpiratioti. 

1(  a  tung  be  inSated,  air  will  steadily  escape  through  (he  walk  of  the  alveoli 
and  trachea.  Tha  sanw  thing  takes  place  d«nng  violent  expiratorj"  effort*  (euta- 
Bcouc  smphvsemii  attending  whotiping-cough) .  to  that  imeuniothorax,  entrance  of 
air  into  the  blood- vessels,  and  evm  death  may  result . 

If  a  do;  be  made  to  breathe  through  Midler's  valve,  by  means  of  which  the 
rtsistsncc  to  respiTstioi)  may  \x  increased  at  will,  it  is  fotmd  that  a  pressure  of 
40  cm.  of  water  is  will  readily  overcome,  that  a  higher  pressure  can  be  overcome 
for  a  short  time,  and  ono  of  70  cm.  not  at  all. 

Until  birth  the  aJrleas  luni^  lie  collapsed  (atelectatic)  in  the  chest-cavity,  and 
fill  it,  Eo  that  pneumothorax  is  not  produced  if  the  thorax  be  opeocd  in  a  daad 
fetus.  Even  in  children  that  have  lived  for  eight  days  and  have  breathed  ncnnally, 
the  lungi  do  not  collapse  when  the  pleural  cavity  is  opened,  but  remain  in  contact 
with  th(^  ehest-w^all.  It  it  imW  after  further  growth  that  the  thorax  becomos  W 
large  that  the  lungs  must  expand  under  elastic  tension:  only  then  will  openioB 
of  the  thorax  cause  the  lungs  to  contract  into  a  smaller  volume.  Hermann  calls 
attention  to  the  fact  that  a  lunj;  ccmcatning  jut  mnnoi  be  einptiecl  by  pressure 
from  without.  The  reason  for  this  is  that  the  small  bronchi  will  be  closed  by 
the  prcMure  before  the  air  can  leave  the  alveoli.  The  muscles  of  expiration, 
tbcTcforc,  have  not  the  jjowcr  to  ctnniirt'.iii  the  lungs  until  they  are  airless:  but. 
on  the  other  hand,  the  inspiratory  muscular  power  is  sufficient  to  expand  the 
Itings  bevond  the  state  of  elastic  cfiuilibrium.  Hcnee,  th*^  physical  attributes  of 
the  itusgs  hmit,  to  a  certain  extent,  the  mechanism  of  respiration:  the  muscles  of 
intptntion  expand  the  lungs  and  at  the  same  time  increase  their  elastic  tension, 
while  the  ripirnttirv  muscles  can  only  diminish  the  tension,  without  being  abla 
to  abolish  it  altogether. 

UOUTH-BREATHING  AND  NASAL  BREATHING. 

Quiet  respiration  is  usually  performed  with  the  mouth  closed,  pro- 
vided the  nose  be  unobstructed.  The  current  of  air  passes  through  the 
nekso-pharyngeal  cavity,  and  there  luulcrRocs  certain  changes;  (i)  Its 
temperature  is  increased  to  the  extent  of  ^  of  the  difference  between 
its  original  temperature  and  that  of  the  body,  (a)  At  this  increased 
temperature  it  is  saturated  with  aqueous  vapor.  These  changes  are 
made  so  that  the  cold,  dry  air  does  not  irritate  the  lining  of  the  Lungs. 
(3)  Dust-particles  may  cling  to  the  mucus  covering  the  irregular  walls 
of  the  air-pRSsages.  and  arc  again  conveyed  outward  by  the  ciliated 
epithelium.  The  nasal  secretion  possesses  qualities  harmful  to  many 
bacteria  (for  example,  anthrax- bacilli),  thus  demonstrating  the  salutary 
effect  of  nasal  breathing  when  there  is  danger  of  contagion.  (4)  Finally, 
by  means  of  the  sense  of  smell  bad  air  and  air  impregnated  with  injurious 
admixttires  can  be  recognized.  When  the  mouth  is  open  no  current  of 
air  passes  through  the  nose  during  respiration. 

Patholoflcal. — Permanent  obstruction  of  the  nose,  leading  to  exclusive  mouth- 
breathing,  may  result  in  a  long  series  of  harmful  eHects;  namety.  catarrhal  condl- 
tions  of  the  phor^'nx,  the  air-passages,  and  the  middle  ear.  abnormal  formations 
in  the  bones  of  trie  mouth  and  the  nose.  pain«  in  the  facial  muselei,  changes  in 
speech,  disturbances  of  intellect  (difficulty  m  fixing  the  attention). 

Another  impCHtant  phenomenon  is  the  appearance  of  edema  of  the  lunes; 
that  is.  an  exudation  of  scrum  from  the  blood  into  the  pulmonary  alveoli,  "ne 
causes  of  this  condition  are:  (t)  marked  obstruction  to  circulation  in  the  aortic 
s\-stcni;  for  example,  after  ligation  of  alt  of  the  carotid  arteries,  or  of  the  an^ 
o)the  aorta  in  such  a  position  that  only  one  carotid  remains  pervious:  {i)  occlusion 
of  the  pulmonary  veins;  (5)  cessation  of  action  in  the  left  ventricle  (following 
mechanical  injury),  while  the  right  ventricle  still  continues  to  beat.  AU  of  these 
eautes  will  produce  at  the  same  time  anemia  of  the  brain,  resulting  in  anemic 
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irritation  of  the  vasomotor  cenipr.  and  corueqiwnt  contraction  of  the  nniin  arteriM. 
Thin  will  cauw  an  iticr»i3ied  (unouiit  of  Uucxl  to  enter  the  vcina  and  tbc  right 
hr-art,  whont  driving  jiowiT  incn-.-iscs  the  pulmonary  cdctiui. 

r.  &asch  bdicvcs  that  an  ovcdilUng  of  ihc  ptdmonary  capillaries  diminishes 
the  eJasticilv  of  the  alveoli,  thus  making  the  hmer  to  a  certain  extent  more  rigid. 
The  cxpontiliility,  therefore,  o(  the  lungit  is  diminished- 


MODIFIED  RESPIRATORY  ACTS. 

There  are  a  number  <:■(  characteristic ,  partly  involuntary,  partly  voluntary, 
variations  of  the  respirator;-  movcmcntft.  to  wliich  the  not  altogctacr  suitable 
term  abnanKai  tfipiratory  oris  has  bt-on  applied. 

CoBgbiiig  cfintistx  tn  u  sudden  violent  eipiratoij"  cfloTt,  usually  mcceediag 
a  deep  inspiration  and  closure  uf  Xhn  glottis,  during  which  effort  the  glottis  ia 
sprung  opeii.  and  any  siMid.  Hutd  or  gaseous  substance  that  may  lie  irritating  the 
TMspiratcny  mticoiut  nierottrane  ia  expelled.  The  lip*  are  pario'd  dtiring  this  act. 
!i  may  be  a  voluntary  or  a  reflex  act,  in  the  latter  case  being  subject  to  the  will 
only  to  a  certain  degree. 

BawUnc  consiHta  in  a  rather  long  expirator)-  effort  through  the  narrow 
space  between  the  root  of  the  toncuc  and  the  dcpruucd  soft  palate  lor  the  pitrpose 
01  removing  foreign  bodies.  If  the  h.iwking  hv  accomplished  m  an  inlcrmiitenc 
fashion,  it  n  accotnpanicd  by  a  springing  open  of  the  glottis  (mild,  voluntary 
coughing) ,     Thi*  act  is  perforrned  only  voluntarily 

Sneciiag  consiEts  in  a  smddon  expiratory  i-fTort  through  the  nose,  accom- 
panied by  a  sudden  opening  of  the  naso-pharynx.  previously  clOfied  by  Ihc  soft 
Jiilate.  The  purpose  is  to  expel  mucus  or  foreiffn  bodies.  It  is  very  seldom  per- 
onned  with  the  mouth  open,  i*nd  is  preeeded  l>y  a  siiigle  or  by  repeated  spas- 
modic inspiration.  The  glottis  is  always  wide  open.  This  act  occurs  only  as  a 
Tcllex  through  irrilalion  of  the  sensory  nerves  of  the  noae.  or  aa  a  result  of  a 
bright  light  »uddeidy  falliue  upon  the  retina.  The  reflex  may  be  to  a  ceriain 
extent  inhibited  by  marked  excitation  of  sensory  ncr\'C8,  such  aa  rubbinjc  the 
iiose.  or  pressing  the  hyoid  bone  forcibly  upward.  '  Hnliitual  use  of  nasal  irritants, 
h  as  snuff,  blunt:;  thi-  wn.ior^*  netA-es  against  reflex  excitation.  Cougliing  and 
iaing  rarely  occur  Miniiltnneoitaly. 

Snorting  and  Blowing  the  Nom;  Snuffing;  Staffing. — Noisy,  forced  bn.-nthing 
irough  the  nose  is  designated  snarling.  BTowTtijt  the  nove  consints  in  a  strong, 
sy.  expiratory-  effort  ma<le  through  nostrils  that  have  Ijccn  narrowed,  either  by 
■  fingers  or  by  the  muscles  of  the  nose  and  the  upper  hp,  the  objei~i  lieing  to 
iinve  ctllicr  foreign  bodies  or  mucus.  Snuiling  con.siHts  of  dmwin};  substances 
into  the  rwse  by  a  noisv  inspiration,  the  mouth  being  closed,  and  the  nostrils 
;cn  being  narrowed  by  the  action  of  the  muscles  of  the  nose  and  the  upiier  lip. 
Sniffing  consists  in  drawing  air  up  into  Ihc  nose  bv  a  auecession  of  short 
inspiratorj- efforts,  for  the  purpose  of  smelling.  Theaet  f*  (requcnllv  accompanied 
by  rustling  noisea  and  movements  of  the  nostriU,  while  the  mouth  is  held  closed. 
All  these  actions  arc  voluntary. 

Snoring  results  from  breathing  with  the  mouth  open,  the  current  of  air 
during  Ixith  i:iKpir.ation  and  expiration  causing  noii.y.  vibrating  movements  of  the 
relaxed  soft  palnte.  It  usually  occurs  involuntarily  during  sleep,  but  it  may  also 
be  produced  voluntarily. 

OargUng  ti>nsi.st4  in  the  noisy  slow  escape  of  the  expired  air  in  the  form 
of  bubbles  through  a  ma**  of  fluid  held  between  the  root  of  the  tongue  and  th« 
toft  palate,  wlule  the  head  is  thrown  l>A(-k.      The  act  is  voluntaTj-. 

Crylag  is  called  forth  by  the  emotions,  and  consists  in  short,  deep  inspira- 
ior«,  with  prolonged  expirations,  the  glottis  being  narrowed,  and  the  muscles  of 
le  face  an<(  )a"*  h<-ji:g  n-laxed  (with  c"iHraction  of  the  sygom.iiicus  minor* ;  tears ' 
«  secreted,  and  laim"nling,  inarticulate  sounds  arc  often  emitted.      In  conjunction 
ith  intense,  iirolongcd  crying  tlifre  often  arise  Huddeii,  iqiasmodifT.  involuntary 
tontraclions  of  thr  itiaphraKiu.  which,  when  attetidrd  with  valve-like  approxima- 
tion of  the  vocal  bands,  give  ri.sc  to  the  infipirBtor>-  sound  known  as  SOlbUlg.     This 
acl  Ls  purely  involuntary.     The  sobbing  that  occurs  au  frequently  during  the 
agonal  period  may  If  explained  by  the  eU-ctrical  influence  c(  the  contraction  of 
the  hc«rt  on  the  phr«-iiii'  nt-rvt-s,  which  l.":?!!"!!:  highly  irritable  in  the  act  of  dying. 
I       Sighing  \*  a   tii<'liiAj;<-d    respir.-itor%'    movement,   iistialb*   accompanied   by  a 
iirnful  sound,  ott<^n  aroused  involuntarily  by  oainfnl  emotion*. 
Lmghing  consists  in  a  quick  sueccsaton  of  short  expirations  through  vocal 
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hBnds  ihjit  AK  stretched  for  hi^h  ootec.  luid  are  altematel)'  approximated  and 
separated,  whik  charectcriitic.  inarticulate  suunds  arc  einittcd  from  the  Urynx, 
With  vibrationa  of  the  soft  palaic.  The  moutb  is  usually  open,  and  the  face  is 
drown  into  a  diaractcmtic  position  Ity  tlte  lyKotnaticus  major  (not  the  tisbdua 
musctc).  LaushinK  is  usually  aroused  involuntarily  by  aEiYc-ible  conceptions,  or 
by  feeble,  sciiKiry  irritaiion.  such  as  ttcklins.  It  may  to  a  certain  extent  b« 
teprtsMd  by  the  will,  as  by  forcibly  closing  the  moutb  and  holding  the  breath; 
alto  by  painful  irritation  of  'sensory  liervei.  as  by  bttin;;  the  tonffue  or  the  lips. 

Yavning  consiitts  in  a  prolonged,  deep  inspiration,  vrith  the  tnouth.  the 
palatal  arcb  and  the  ^ottis  widely  open,  euocesavvly  calling  into  play  numerous 
inspiratory  muscles.  Expiration  is  shorter,  and  botK  are  often  accompanied  b^  a 
prokmsed.  characteristic  ««ind-  There  also  occurs  frequently  a  jjeneral  stretching 
of  the  bodily  muscles.  The  act  is  always  invohmiary.  being  usually  incited  by 
sieeptness  or  monotony. 

CHEMISTRY  OF  RESPIRATION. 

The  problem  here  is  to  estimate  qualitatively  and  quantitatively 
the  gases  expelled  during  respiration.  If  the  resuilts  be  compared  with 
the  gaseous  composition  of  inspired,  atmospheric  air.  a  picture  may  be 
obtained  of  the  interchange  of  gases  occurring  during  respiration. 

QUAWTITAXrVE    ESTIMATIOIT    OF   THE    CARBON    DIOXID,   THE 

OXYGEW,  AND  THE    AQUEOUS  VAPOR  IH    GASEOUS 

lOXTDRES. 

EstimatioD  of  th«  Carbon  Diozid. 

Th«  wiHm^  of  caxbon  dioxid  may  be  estimated  b^  means  of  Vierordt's 
entkrMOtuH^r  (Fig.  85,  II).  The  ga»eou«  mixture  is  received  and  encloced  in  a 
graduated  tube  r  r,  previously  filled  with  water,  and  provided  at  cme  end  with 
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a  balfa  of  knows  capacity      The  hr 
hjdmiit,  is  then  acrewed  on  the 
petMnUB*«ototien  is  allowed  v 
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uatil  all  the  carbon  diaxid  is  absorbed  by  tlie  poussium,  with  the  fonua- 
tioa  of  potawiuni  carbonate  Then  lli«  solution  is  allowed  to  run  back  into  the 
bottle,  the  stop-cock  is  doiied.  and  the  pat auiura- bottle  it  removed.  The  entl  of 
the  tube  u  dip]^  into  wntc-r.  and  the  latter  is  nJlowed  in  riw  in  the  tiibe.  The 
vohim«  of  water  thus  adtnittrd  is  equal  to  th«  voltinw  of  carbon  dioxid  removed 
by  Che  potassium- solution. 

DtitnniHotum  bfi  Wnglii. — A  considerable  volume  of  the  gaseous  mixture 
is  passed  through  Liebig's  bulbs,  tilled  with  a  solution  of  potassium  hy-dratc  and 
arrajiged  in  s  combination  such  as  that  of  Scbarling'a  apparatus  (Fig.  80.  e.  f,  g). 

UtterniinatioH  by  Titrait\/n. — A  considerable  volume  of  the  air  to  he  exam- 
iscd  is  conducted  through  a  dchnitc  quantity  of  a  known  solution  of  barium 
hydrate.  The  carbon  dioxJd  combines  to  form  barium  carbonate.  The  solution 
is  then  neutralized  with  a  titrated  solution  of  oxalic  acid,  Th«  quantity  of  ox&lic 
acid  necesuirv  to  neutmlive  the  rema.inin^  barium  hydrate  varies  inversely  with 
the  amount  vi  Imriiim  n]fr.-»dy  combined  with  the  carbon  dioxid. 

Estlmatioa  of  the  Oxygen. 

The  volume  of  osygcn  may  be  determined  in  two  ways:  (a)  Bv  combifvine  the 
mc  with  potauium  pyrogallate.  Vierordt't  anthracometer  may  oe  employed  (or 
uits  purpose.  substiLuLin^;  a  solution  of  potassium  pyrogallate  (or  that  of  putassiuii] 
hydrate.    (&)  By  explosion  in  an  eudiometer. 

Estimation  of  the  Aqtieous  Vapor. 

The  volume  of  air  to  be  exatnitiett  is  allowed  to  paui  either  through  a  bulb- 
apparatus  containing  concentrattiil  sulphuric  acid,  or  through  a  tube  tilled  with 
pieces  of  calciiun  chlorid.  In  both  cases  the  water  is  energetically  abstracted, 
and  the  increase  in  weight  will  give  the  amount  of  water  in  the  air  examined. 

METHODS  OF  INVESTIGATION. 

CoUecdof  the  Expired  Air. 

If  only  the  k**'''  '"cti;iled  from  the  hinfrs  are  to  be  collected,  the  l>ell-jar 
of  the  spirometer  (Fie  76)  may  be  used,  suspended  in  a  concentrated  solution 
of  sodium  chlorid  to  limit  the  gBs- absorption.  Andral  and  Gavarrct  permitted 
scvcr«.1  successive  expirationa  to  be  taaix  into  a  large  bell-jur  (Fjy,  85.  I.  C). 
For  this  purpose  a  mouth-piece  M  was  applied  in  an  oir-tijiht  manner  over  the 
moMth.  the  nostrils  being  closed;  the  direction  of  the  air-current  was  regulated  by 
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means  of  two  so-called  Muller's  mercurial  valves  (a,  b],  which  allowed  the  air  to 
pass  cnly  in  the  direction  of  the  arrows. 

If  the  gases  given  off  from  the  akin  during  pci^piration  arc  to  be  invcsiigaicd, 
MweUastboscfrom  the  lungs,  then  the  subject  must  lit:  placed  in  a  closed  cham- 
ber, from  which  the  i;a*es  mav  be  wilhdriwn  for  experimental  purpocci. 

The  Host  Important  of  the  Respiration  Apparatus,     (a)  The  apparatus  of  Scfaar- 

^Z  (*"'F    **'**  c<insists  pnmiiriiv  ol  a  closed  chamber  A,  oapttble  ol  coatainiag 

■  faiunan  betng.     The  chamb(^r  hat  an  afferent  opening  e,  and  an  efferent  opening 

*•-    The  latter  is  connected  with  an  aspirating  contrivance  C.  consisting  of  a  good- 

«d  baiTcl  filled  whh  water.     It  is  evident  that  when  the  water  flows  out  of  the 
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gravity  only  loSus  thiat  of  hydrogen,  but  k  power  of  beat-conduction  i«o  time* 
M  great  &s  that  clement,  and  a  density  of  oDiy  n^gg  that  of  the  air).  Th«M 
elementH  have  not  be«n  invctttiiated  phytiolo^cally.  ^theriura  is  protMbl; 
a  couipnotte  substance,  and  perhaps  plays  the  T41e  that  has  been  previously 
ascribed  lo  luminiferous  ether. 

Aqueous  vapor  is  always  present;  its  amount  usually  increases 
with  the  height  of  the  temperature.  With  reference  to  the  humidity 
of  the  air  there  must  be  distinguished:  (a)  the  absolute  humidity,  that 
is,  the  quantity  of  aqueous  vapor  contained  in  a  voltunc  of  air;  {b)  the 
relative  humidity,  that  is.  the  quantity  of  aqueous  vapor  contained  in 
a  volume  of  air  in  relation  to  its  temperature.  The  latter  increases  with 
rising  temperature. 

The  n-lativt;  humidity  is  detvrmiciL-d  cither  b<>-  means  of  the  hysromcter  of 
Klinkerfuc^  or  by  the  psychrometer  of  Aufiu«t.  The  latter  coiwists  of  two  accu- 
rately graduated  thenmomcterB,  the  bulb  «  one  being  kept  constantly  moistened 
b)-  means  of  a  wet  cloth.  As  a  result  of  evaporation  of  the  water  on  the  bulb, 
cooling  will  take  place,  and  the  fall  of  the  thermooicter  will  vai^-  directly  with 
the  rapidity  of  evaporation,  that  is.  with  the  dryness  of  the  atmoBphere.  From  the 
diflerencc  in  the  readings  of  the  two  thcnnometcn  the  tension  of  ine  aqueous  vapor 
in  the  air  may  l>e  calculated  acconling  to  the  formula:  e  —  e'  -k  X  (t-f)  Xb: 
in  which  c  rcprescnu  ihc  desired  tension  of  the  aqueous  vapor  in  the  air  at  the  pre- 
vailing tcni{icraturc,  tui  indicated  by  ihc  dry  tliermometer;  e'  tlie  consioa  of  the 
aqueous  vapor  that  prcvailii  when  the  air  is  completely  saturated  with  watery 
vapor  at  the  temperature  of  the  moist  thermometer  (to  be  ascertained  from  worlci 
OO  physics):  \y  the  state  o£  the  barometer  in  millimeters  of  mercurj-;  t  the  twn- 
perature  of  the  dry  thermometer,  and  t'  that  of  the  moist  thermometer  (expressed 
m  deenecs  Corligradc);  and  k  an  empirically  obtained  roiistant  —  o.eoi. 

Experjpnee  has  taught  that  man  breathes  best  in  an  air  that  is  not  completely 
saturated  with  wull•r^■  vapor  in  accordance  with  its  temperature,  but  only  to 
70  percent,  of  that  amount.  Air  that  is  too  dry  irritates  the  mucous  membranes 
of  the  respirator)'  ornans:  while  air  that  is  too  moist  arouses  ■  feelinfi  of  uncotn- 
fortable  oppression,  and  in  wanner  air  a  sen.sation  of  oppressive  sultriness.  At  a 
lower  temperature  (15°  C.)  dry  air  is  more  comfortable  than  moist  air:  at  from 
14"  to  aQ**  C.  dry  air  feels  cooler  than  moist  air.  With  marked  dryness  of  the 
atmosphere  a  temperature  of  30°  C.  is  well  borne :  but  exceedingly  damp  air  becomes 
unendurable  for  any  length  of^time  at  14**  C.  In  the  living  room  and  in  the  side- 
room  attention  should,  therefore,  be  paid  to  the  correct  degree  of  armospheric 
humidity.  (Sprinkling;  with  water,  or  in  winterplacin^a  basin  of  water  on  the  stove 
may  be  resorted  to.)  Rooms  that  arc  too  damp,  on  account  of  dampness  of  the 
walls  or  the  floor,  are  prejudicial  to  health 

The  followinfT  factors  are  kno«'n  lo  influence  the  absolute  quantity  of  aqueous 
vapor  in  the  air:  (i)  At  the  sea-shnrr  durinR  the  day  the  amount  is  increased 
with  a  rising  tcrapcratorc.  and  diminished  with  a  falling  temperature.  (1)  In  tbe 
flat,  inland  country  the  humidity  riite.t  from  sunrise  10  iinoii.  then  diminishes  until 
evenine;  rises  again  during  the  first  part  of  the  night,  and  Anally  falls  again, 
(j)  Onhigiimoimtainsthemid-daydecrcascinhumiditydocsnotoecur.  (4)  South- 
western winds  in  summer  arc  accompanied  by  the  graatest  humidity,  while  east 
windu  in  winter  brinRthe  l<>west  degree  of  humiditv. 

With  reference  in  the  relative  amovmt  of  moisture  it  is  to  be  noted:  (i)  that 
it  is  usually  greatest  at  sunrise,  and  least  toward  noon :  (a)  that  it  is  diminished  op 
high  mountains;  (1)  tluit  it  is  greater  in  winter  than  in  summer:  (4)  that  it  is 
unjally  crratcr  with  south  and  west  winds  than  with  nrrlh  nnd  ci^t  winds. 

In  lac  course  of  the  year's  changes,  that  air  whi' '  "chcstt. 

in  water  nliwlutely  is  the  poorest  relatively.     For  i.  .   .-  'imirxer 

contains  absolutely  about  three  time^  as  raacb  nM|BM|tt||HMHMd<-  ini<!f  ou-i.^ 
still  the  summer  air  b  relatively  dryer  than  tfa^^^^^^^^^^^BpurM*  M  _v\m 
seasons  the  ab«o1utc  humidity  rises  and  faHi  ii^^^^^^^H^^^^^Wii'"er 
avernfjc  relati^'c  humidity  amounts  to  alxtut  ;o  f 

With  increasing  elevation   above  &er 
diminishes. 

It  likewise  diminishes  with  incre: 
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It  would  «ertjunly  be  highly  int«n-»tinE  to  determine  wit  ether  lh«  tcni[>cratuT« 
of  The  expired  nir  uncterftocs  ch.angc  bv  r<-iuxtn  of  indunmftlionit,  disttirbiinces  of 
thecircniaiion,  or  dcpMierations  in  thclungi. 

Morao  and  Ronoclli  allowed  do^£  to  breuthe  air  at  a  temperature  nf  from 
150°  to  160°  C.  and  found  that  the  air  in  the  Iftonchi  was  of  a  higher  temperature 
(jg.j*  or  .17.8"  C.l  thiin  the  rectum. 

The  diminution  in  volume  of  the  expired  air  meotioncd  already 
is  compensated  for  by  tlie  wamiing  of  tlie  inspired  air  in  the  air- 
passages,  and  by  the  tension  of  the  contained  aqueotis  vapor,  so  tliat 
the  volume  of  the  air  expired  is  even  one-ninth  greater  than  tliat  of  the 
air  inspired. 

Exceedingly  small  quantities  of  ammonia  are  admixed  with  the 
expired  air.  amounting  to  about  0.0204  gram  in  tw'enty-four  hours;  they 
are  probably  evolved  (mm  the  blood. 

Small  quantities  of  hydrogen  and  marsh-gas  {CH,},  both  absorbed 
from  the  intc.vtine.s.  are  likewise  exhaled.  Reiset  oKserved  that  in  herbiv- 
orous animals  the  marsh-gas  exhaled  in  twenty-four  hours  amounted  to 
as  much  as  30  liters. 

The  aqueuuK  vapor  condmBod  by  low  t4-nipcr«t>inf  fruin  the  expired  air  of 
some  persons  acts  as  a  pnison  when 'injected  subcuiant-ously.  in  consequence  of 
the  prewmce  of  a  voUtile  lia.'*e,     Thtsc  iirx-  cxwiitirtiis.  however. 

EXTENT  OF  THE  DAILY  IHTERCHANGE  OF  GASES. 

As  more  oxygen  is  normally  taken  in  llian  is  excreted  in  the  carbon 
dioxid  (equal  volumes  of  oxygen  and  carbon  dioxid  containing  equal  _ 
quantities  of  oxygen),  u  part  of  the  uxygcn  taken  in  must  be  used  for  I 
other  oxidation-purposes.  According  to  the  extent  of  the  latter,  there 
must  be  considerable  variation  in  the  relation  of  the  inspired  oxygen  to 
the  expired  carbon  dioxid  (the  (juotient  '^l^'.  which  is  given  as  being 
on  an  average  o.9r6  during  normal,  quiet  respiration).  Within  the 
limits  of  the  normal  vital  processes,  not  only  may  the  excretion  of 
carbon  dioxid  be  less  than  the  stated  average,  but  it  may  even  be  con- 
(iderably  in  excess  of  the  absorption  of  oxygen.  With  such  varia- 
tions it  is  evident  that  the  estimation  of  the  amount  of  carbon 
dioxid  alone  cannot  be  a  reliable  measure  of  the  total  interchange  of 
gases.  A  complete  insight  into  tbc  gaseous  balance  can  be  obtained 
only  by  a  simultaneous  estimation  of  the  oxygen  taken  in  and  of  the 
carbon  dioxid  given  off. 

SrMMAkY  OP  THE  GASEOLS  INTERCHASGE, 

AtnoTption  in  twtnty-four  hoars:  Excrctivn  in  twenty-four  Iiottni: 

Oityge",    JH<    gro.  -5i6.5«>o    cu.  cm.  C<j'K>'i  Ji.n-<J,   qoo  gm.  — ^5 j.so*  e«. 

(Carl  Vierordt),  cm.  (Carl  Vierorot),  hourly  11.5  - 

51 1-658 pn-(Sp<ck).  33    gm.    <T.    Kankel;      33.8-33.4 

C'lhe  volume*  arc  determined  for  0°  vm.    (v     I-iebermpister) ;    34  gm. 

and  the  mean  barometer.)  (Panum):  j6gni.  (Scharhngl. 

WaKr.  640  gm.  (Valentin):    330  gm. 
{Carl  V'ieitmll). 

FACTORS   IWFLUEWCING    THE    EXTENT   OF    THE    RESPIRATORY 
EXCHANGE  OF  GASES. 

The  process  of  carbon -dioxid  formation  consists  probably  of  two 
separate  stages.    In  the  first  place,  through  the  presence  of  oxygen 
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in  the  tissues,  there  are  formed  combmiiitions  containing  carbon  dioxid, 
which  ere  oxidation-prnducrts  of  sulnttanccs  conUiintng  carbon.  The 
i;econd  st-ep  conusts  in  tlie  sepamiion  of  this  carbon  dioxid,  wliich 
can  take  place  even  without  the  absorption  of  oxygen.  Both  processes 
do  not  always  take  [jlace  unifonnly ;  al  times  tliere  is  a  preponderance 
in  the  formation  of  substances  destined  for  decomposition  and  carbon- 
dioxid  formation,  while  at  other  times  the  liljcration  ui  carbon  dioxid 
predominates,  with  a  diminution  in  the  substances  mentioned. 

TIk  respiratory  intcrrhangc  of  gAtt*  (also  the  respiratory  quotient)  is.  within 
wi(U'  limils,  in<I<'p;.-»<lFTit  of  the  wi»i.~>unt  cf  oxygen  in  the  &ir  and  the  pressure  of 
the  atmosphere.  Acconiiiii;  '"  SchmicilfborK  'He  oxidation  in  the  tiitmes  depend» 
unrin  it  synthesis  nceomp anted  by  %  scparAtiofi  at  wnier,  for  which  purpnu  th« 
blond  supplies  the  Tie<-csur\'  oxygi-n 

The  processes  imder  consideration  are  affected  by: 
I.  /lgc.-;-tJntil  the  liody  is  fully  dcv-wluped.  the  output  of  carbon 
dioxid  increases,  while  from  that  point  it  diminishes  with  the  decline 
in  bodily  strength.  Hence,  in  young  persons  the  absorption  of  oxygen 
is  relatively  greater  in  comparison  with  the  carbon  dioxid  given  off.  At 
all  other  periods  of  life  both  %'alues  correspond  rather  closely.  For 
example  : 

Agr.  In  Twcmj  loor  lloara. 

Vcat*.  COi  BwnimI  in  Gno*  -  Cut>oa.  O  Aburbnl  in  Cruiu. 

0'7 "3 

8 443  grams  -  iii  carbon  j75^ams. 

IS .    766  "  "log  ■■  651 

i6 9SO  ■■  -  359  "  Sop  " 

iS-M... 100.1  "  = 'U  "  854  " 

»o-»4. «074  "  -  '93  "  9»4  " 

40-60. gS9  "  -  »<»  •■  757  ■■ 

6»-8o.  ,  .    ,      .    810  "  -an  "  689  " 

In  children  the  excretion  of  carbon  dioxid  is  ab-solutely  less,  but  rela- 
tively greater,  than  in  adults;  weight  for  weight,  children  excrete  almost 
twice  as  much  carbon  diox.id  as  adults.  The  new-bom  also  consumes 
relatively  more  oxygen  than  adults.  In  the  fetus  of  the  sheep  the  con- 
Bumption  of  oxygen  was  found  to  he  only  one-sixteenth  that  in  the  EuU- 
grown  animal. 

3.  Sex. — .Males  from  the  eiglith  year  to  advanced  age  give  off  about 
one-third  more  carbon  dioxid  than  do  females.  This  difference  is  still 
more  marked  at  the  time  nf  puberty,  when  it  amounts  to  about  one-half. 
After  the  cessation  of  menstruation  there  is  an  increase,  and  in  old  age 
again  a  decrease  in  the  amount  of  carbon  dioxid  given  off.  Pregnancy 
progressively  increases  the  output,  for  evident  reasons. 

Vounf;  K'^'*'  >in<]i-T  uthi/rwise  siinilur cuiiditiunx.  exhale  lexK  carbon  dioxid  than 
hms:  iht  proportion  being  roo  :  140.  Bnv*  of  from  nine  to  twelve  >'cars  of  age 
exhale  from  33  to  it  grams  in  an  hour.  In  ihc  thirlccmh  year  the  excretion  of 
i^arlxjT)  dio.xiu  iin:s  ruiiidly.  anil  maintains  itself  at  a  hi^'h  level  until  tht;  nine- 
teenth ye.-tr  (from  43  to  4;  granu  in  nn  hour),  llien  it  falls  between  twenty 
and  thirty  ycAfs  to  38  grams;  and.  linallj,  iictwcvn  thirty-five  and  sixty  ytani  it 
is  from  34  to  j;  grams.  Cirla  between  eight  and  t<n  years  old  excrete  from  23 
to  ix  ftrnms;  between  eleven  and  thirty  year*  old  they  exhale  from  aft  to  .i»  granui, 
and  at  sixty-five  yenrs  nf  &gc  06  grams,  Younger  »rid  lighter  imiividwals  of  lw>th 
c^xes.  with  their  greater  body  surface,  give  off  more  carbon  dioxid  (in  propor- 
tion to  tlieir  wciyht)  than  older,  heavier,  and  more  compact  pcr.sciiis. 

3.  Constiiulicni. — As  a  rule,  muscular,  active  individuals  require 
more  oxygen  and  excrete   more   carbon   dioxid  than   less  muscular 
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and  ener:getic  persons  of  the  same  size  and  weight.  The  consumption 
of  oxygen  and  the  excretion  of  carbon  dioxid  are  in  inverse  proportion 
to  the  extent  of  body  surface.  In  this  connection  the  respiratory 
gaseous  interchange  pursues  a  course  parallel  with  that  of  hent-pro- 
duction. 

4.  Diurnal  attd  Nocturnal  Variations. — In  general  there  is  during 
sleep  a  diminution  in  the  excretion  of  carbon  dioxid  as  compared  with 
the  waking  state  (the  proportion  being  100  :  145.  in  the  most  extreme 
case  100  :  169).  This  is  proportional  to  the  diminution  of  the  general^ 
metabolism  resulting  from  the  constant  heat  of  the  surroundings  {the 
bed),  the  darkness,  the  absence  of  muscular  activity,  and  tlie  abstinence 
from  food  (see  5.  9,  6,  7).  According  to  v.  Pettenkofer  and  C.  v.  Voit 
and  others  a  slight  accumulation  of  oxygen  seems  to  take  place  during 
sleep.  After  awaking  in  the  morning  the  respirations  become  deeper 
and  more  rapid,  with  at  first  an  increase  in  the  excretion  of  carbon 
dioxid.  In  the  course  of  the  morning,  however,  the  excretion  diminishes 
again,  until  the  midday  meal  causes  a  fresh  increase  to  the  maximum. 
A  falling  off  takes  place  again  in  the  afternoon,  and  finally  an  incon- 
siderable increase  is  produced  by  the  evening  meal. 

During  Uibcmatiou,  ii\  which,  together  with  ths  taking  of  food,  rc^iraiion  ia 
eotirely  <liK:oiitiiiued,  and  the  intercliani;e  of  kmc'  >3  carried  on  only  bv  diTEustoa 
in  the  lungs  and  the  cardio-pneumatic  movements,  tli«  excretion  of  carbon  dioxij 
falls  to  Jj,  and  tlic  fibsorplion  of  oxyg<-n  to  ^j  of  the  r*9pc<tivc  nmoimts  during 
the  w&king  slate.  Therefore,  much  less  carbon  dioxid  is  given  off  than  there  is 
oxygen  ntMorbeil.  so  tlmt  the  hody  weight  niay  even  incrvaic  in  conMMfuenee  of 
the  excess  of  oxygen  Uken  up 

5.  Itifluence  of  ihe  Surrounding  Tamperature. — The  bodily  tempera- 
ture nf  cold-blooded  animals  is  easily  raised  by  an  increase  in  the  sur- 
rounding temperature.  Under  .such  circumstances  the  animals  give  off 
more  carbon  dioxid  than  in  a  cooler  state.  For  example,  a  frog  exposed 
to  a  surrounding  temperature  of  59"  C.  excreted  almost  three  times  aa 
much  carbon  dioxid  as  when  the  temjwrature  was  6*  C.  Warm-blooded 
animals  behave  in  a  varj'ing  manner  ^ith  changes  in  the  surrounding 
temperature,  accordingly  as  the  bodily  temperature  remains  constant, 
or  is  correspondingly  raised  or  lowered.  In  the  latter  case,  as  in  cold-\ 
blooded  animals,  a  considerable  decrease  occurs  in  the  excretion  of 
carbon  dioxid,  when  the  body  is  cooled  under  the  influence  of  cold 
surroundings.  Conversely,  elevation  of  the  bodily  temperature  (also  in 
the  presence  of  fever)  gives  ri,se  to  increase  in  the  excretion  of  carbon 
dioxid.  The  behavior  is  exactly  the  reverse  when  the  bodily  tempera- 
ture remains  constant  on  exposure  tovari'ing  surrounding  temperature. 
With  increasing  cold  of  the  surrounding  medium,  the  consequent  reflex 
stimulation  causes  an  increase  in  the  oxidation-processes  of  the  body, 
as  well  as  in  the  number  and  depth  of  the  respirations.  As  a  result, 
more  oxygen  is  taken  up  and  more  carbon  dioxid  is  given  off.  The 
involuntar)'  muscular  movement  that  occurs  when  the  body  is  cooletl 
has  the  most  obvious  influence  on  the  increase  in  the  gaseous  inter- 
change. The  sea-son  of  the  year  also  has  an  influence  on  the  interchange 
of  gases;  in  January  a  man  consumed  3a. »  grams  of  oxygen  hourly,  in 
Jtdy  only  31.8  grams.  In  animals  the  carbon-dioxid  excretion  was 
found  to  be  about  one-third  higher  with  a  surrounding  temperature 
below  8°  C.  than  with  a  temperature  above  38**  C.  When  the  tempera- 
ture of  the  air  increases  (without  change  in  the  bodily  temperature). 
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the  respiratory  activity  and  the  excretion  of  carbon  dioxid  diminish, 
while  the  pulse  remains  nearly  constant.  It  has  been  shown  that  when 
there  is  a  sudden  chanK«  from  cold  to  warm  surroundings,  the  carbon- 
dioxid  output  diminishes  considerably;  and,  conversely,  when  the 
change  is  from  warm  to  cold,  the  excretion  increases  considerably. 

6.  Muscular  Exertion  produces  a  considerable  increase  in  oxygen- 
consumption  and  carbon-dioxid  elimination,  which,  (or  instance,  may 
be  three  times  as  j^reat  in  walking  as  in  a  quiet,  recumbent  position. 
Ever>'  kilogrammetet  supplies  ji  milligrams  of  carbon  dioxid;  therefore. 
each  additional  gram  of  carbon  dioxJd  formed  is  the  equivalent  of  300 
kilogrammeters.  The  establishment  of  a  certain  degree  of  tension  in 
the  muscles  requires  more  metabolic  change  than  the  maintenance  of 
this  tension. 

The  increase  111  tlie  interchange  of  oxv^cii  luvl  carhun  dioxid  begins  almost 
immediately  after  the  work  commences.  In  a  (cw  minute*  it  altain»  a  conrtAnt 
height  of  &i  most  (rom  seven  to  nine  times  the  amount  during  rest.  After  the 
work  13  finished,  the  consumption  of  oxygen  falls  in  from  3  to  t$  minutes  to 
the  ra.te  during  rest.  The  respiratory  quotient  remains  e:uential]y  unchanged 
during  worit.  During  light  work  there  is  relatively  a  little  morv  oxygen  consumed 
than  auriog  heavy  labor.  The  production  of  carbon  dioxid  is  diminished  with 
practice,  that  Is,  with  a.  more  economically  applied  excrtton  of  the  mu&clcs. 

The  gaseous  cxch.-injfe  is  to  n  certain  extent  under  the  influence  of  the  vagus 
nerve,  which  in  part  inhibits  and  in  part  accelerates  the  heart's  activity.  Imta- 
tion  of  this  nerve  m&y  produce  a  diminution  in  metabolism,  characterised  by  a 
more  pronounced  fall  in  the  absorption  of  o.xygen  than  in  the  excretion  of  carbon 
dioxid;  or  it  may  call  forth  nn  increase  in  metAbolism,  distinguished  by  a  greater 
rise  in  the  output  of  carbon  dioxid  than  in  the  oxygen  taken  in. 

7.  Ingestion  of  Food  causes  a  not  inconsiderable  increase  In  the 
carbon-dioxid  excretion,  which  is  in  general  governed  by  the  quan- 
tity of  food.  Hence,  the  increase  is  generally  most  pronounced  (about 
as  per  cent.)  from  one-h.^lf  to  one  hour  after  the  chief  meal  (dinner). 
The  increase  in  the  consumption  of  oxygen  that  follows  the  intro- 
duction of  food  into  t)ie  stomach  depends  in  part  upon  the  increased 
muscular  activity  ot'  the  alimentary  canal;  nevertheless,  the  increased 
exhalation  of  carbon  dioxid  cannot  be  attributed  to  this  alone.  It  is  also, 
and  to  a  greater  extent,  dependent  on  the  heat -producing  activity  of  the 
digestive  glands— as  in  the  case  of  the  salivary  glands.  In  addition, 
some  of  the  carbon  dioxid  is  derived  from  oxidation,  in  the  course  of 
urea-formation,  of  a  part  of  the  carbon  contained  in  the  proieids. 

The  quality  of  the  food  also  has  some  influence.  According  to 
Magn«s-I,*vy  a  proteid  diet  causes  a  much  greater  increase  in  the  con- 
sumption of  oxygen  (about  from  70  to  90  per  cent,)  than  does  carbo- 
hydrate food  (which  increases  the  consumption  about  39  per  cent.),  or 
a  fat-diet  (which  causes  an  increase  of  only  i  $  per  cent.),  as  experiments 
on  dogs  show, 

A  fasting  adult  weighing  5a  kilos  inspires  in  one  hour  eight  liters  of  air  for 
each  kilo;  he  eonsumcs  0.45  gram  of  oxygen,  and  forms  e.  5  ^ram  of  earbon  dioxid. 
The  ingestion  of  food  raises  these  figures  to  nine  liters  of  air,  0.5  gram  of  oxvgen 
unri  0.6  gram  of  carbon  dioxid.  The  deposition  ol  (m  fnlluwtng  a  carbohydrate 
dirt,  is  attended  with  an  increase  in  the  amount  of  carbon  dioxid  given  ofl.  This 
results  partly  from  combustion  of  the  carbohydrates,  and  partly  from  their  trans- 
formation into  fat,  durinp  which  process  carbnii  dioxid  is  separated.  The  rcapira- 
tor\-  quotient  is  also  increased  n.t  a  re-itilt  of  (ut-fonnntion  (allowing  an  abundant 
C^Whydratc  dicti  the  quoucnt  under  such  conditions  may  even  rise  above  1.3. 

The  absorption  of  oxygen  is  uiiinSucnccd  by  direct  injection  into  the 
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blood  either-  of  non-nitrogenous  or  of  nitrogenous  substances.  Th< 
output  of  carbon  dioxid  changes  to  a  certain  extent  in  corrcspondenci 
with  Ute  combustion  of  these  substances  by  means  of  a  constant  quantitj 
of  oxygen. 

Hunger  greatly  reduces  the  combi«tive  processes  in  dogs;  but  it 
guinea-pigs  it  prnducca  at  most  a  small  reduction  in  the  consumption  ol 
oxygen. 

8.  Thf  Number  and  the  Df[>th  of  the  Rcsfirations  have  practically  iK 
influence  on  the  formation  of  carbon  dioxid.  or  on  the  oxidation' 
processes  in  the  body,  the  latter  being  regulated  rather  by  the  tissue! 
themselves  through  a  mechanism  as  yet  unknouni.  These  facton 
however,  have  been  observed  to  exert  an  evident  influence  on  the  removal 
of  the  carbon  dioxid  already  formed  in  the  body.  An  increase  in  the 
number  of  respirations,  the  depth  remaining  the  same,  as  well  as  at 
increase  in  their  depth,  the  number  remaining  the  same,  results  in  ar 
absolute  increase  in  the  output  of  carbon  dioxid.  The  quantity  seemi 
relatively  diminished,  however,  when  viewed  with  reference  to  tbt 
amount  of  gases  interchanged.     Example:  ^ 
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Dwp  MRwrations,  and  oiM  artificial  respiraton-  movcntcnlfi.  incfv^Mc  th* 
abaoflMMk  <t  OXygMi  into  tho  blood  lo  lh«  point  of  Mturation.  Limitation  ol 
the  ttipplp  of  oxy^n  diminiBhec  its  consumption  in  the  hady  in  coniiiderab)) 
greater  meacurir  than  d'H^s  luingi-r,  Naturnlly.  incrrascd  adi^-ily  o(  the  mpirator) 
musck-s  causes  in  itself  a  sn^aicr  interchange  o£  gases. 

9.  Exposure  to  Light  causes  an  increase  in  the  excretion  of  carbon 
dioxid  in  frogs,  mammals,  and  birds,  even  in  frogs  deprived  of  theii 
lungs  or  of  their  cerebral  hemispheres,  or  in  those  in  which  the  spinal  cor<] 
has  been  divided  high  up.  At  the  same  time  the  consumption  of  oxygen 
is  increased.  The  same  processes  occur  in  individuals  without  eyes 
thotigh  to  a  more  limited  extent.  Rodents  and  birds  show  the  maxi- 
mum in  red  light,  toads  in  violet  light.  According  to  Aducco  star^nng 
pigeons  loKc  weight  more  qutcldy  in  the  light  than  in  the  dark,  Quincke 
demonstrated  that  certain  ti»suefl.  f>uch  as  leukocv*tea  and  parts  of  fresh 
tissues,  attract  more  oxygen  to  themselves  under  the  influence  of  light 
than  in  the  dark. 

The  nitrofU'nous  metabolism  ol  animals  remain*  unchnnKcd  dunnj;  expowire 
to  IiRhl.  The  increiu;ed  output  of  cArbon  dioxid  is,  thcrcfnrc.  Xf  i»  Atinbvited  tc 
an  incrcaurd  tTangformation  o(  fat;  ht-nce,  animals  aceum«J.^tc  more  fat  when 
kept  in  the  dork. 

10.  Blood-hUing  produces  no  diminution  in  the  respiratory  exchangt 
of  gases,  but  does  cause  an  increase  in  the  nitrogenous  excretion.  Pro- 
fotind  anemic  conditions  diminish  the  interchange  of  gases. 

11.  Changes  in  the  Attncsf>hchc  Pressure  produce  a  slight  dimioil- 
tion  in  the  interchange  of  gases  if  breathing  is  made  easier;    but  il 
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breatliiaR  ii  made  more  difficult,  there  is  a  slight  increase.  By  inspira- 
tion of  compressed  air  tlie  absorption  of  oxygen  is  increased  to  an  ex- 
ceedingly small  extent.  In  order  to  give  off  enegrani  of  carbon  dioxtd.a 
smaller  amount  of  air  is  needed  at  a  low  atmospheric  pressure  tlian  with 
a  high  i>arometer.  There  is  no  diminution  in  the  excretion  of  carbon 
dkjxid  on  high  mountains.  The  effects  of  artificially  rarefied  air  and 
of  the  rarefied  atmosphere  of  high  altitu<lca  arc  not  the  same.  A  rare- 
faction of  air  to  450  mm.  of  mercurj*  still  has  no  effect,  the  metabolic 
changes  proceeding  unaltered.  In  the  air  of  high  altitudes  metabolism 
is  increased,  and  rtspiralion  becomes  more  frequent  and  deeper.  Ac* 
cording  to  A.  and  J.  Loewy  and  Zuntz  the  greater  amount  of  light  at 
high  altitudes  is  the  exciting  factor. 

13.  In  the  presence  of  artificially  induced  dyspnea,  as  by  tiglitly 
compressing  the  thorax,  the  protcid  metabolism  is  increased — the  amount 
of  urea  being  increased— and  lliere  ia  an  increase  in  the  excretion  of 
oxalic  acid,  acetone,  ammonia,  and  sulphur  in  the  urine. 

Paibological. — .^ccnrdhig  Iq  the  cxiicrinictitji  of  Gi^hant  <>n  do^.  it  a[>i)ciint 
that  intense  in  Ham  ma  lion  of  the  bronchial  mucouB  turmbrane  wUl  diminish 
the  out  [Hit  of  (Tirboii  ilioxiil.  even  it  there  be  fever. 

In  casrs  of  'linhcu-s  thv  hody  is  able  fj  take  up  the  nvcrsuiry  amount  of 
oxyecn,  but  the  quantity  of  carbon  dioxid  given  oft  is  diminialtcd.  and  the  respira- 
tory quotient  i»  low. 

Amcmf;  the  jioifon*.  thebain  incrttises  the  Output  of  carlx>n  diuxid.  while  mor* 
phin.  ro<l<^in,  nnrccin,  nArcotm,  and  papav'crin  diminish  it.  Curnrc  lowers  the 
raetaboliftm  enormously,  the  abBorpiion  of  oxygrn  falling  about  ,15.3  per  cent., 
and  the  excretion  of  carbon  dioxid  about  37.4  per  cenl.  Section  of  the  spinal 
cord  has  a  Bimilar  eflect. 

DIFFUSION  OF  GASES  WITHIN  THE  RESPIRATORY  ORGAIVS. 

In  the  pulmonary  alveoli  the  air  is  richest  in  carbon  dioxid  and 
poorest  in  oxygen.  Further  on.  from  the  ."imallest  bronchioles  to  the 
larger  ones  and  then  onward  to  the  bronchi  and  the  trachea,  the  respired 
air  becomes,  step  by  step,  gradually  more  like  the  atmospheric  air. 
Hence  it  is  that  if  the  expired  air  of  a  respiration  be  collected  in  two 
halves,  the  first  half  (coming  from  the  larger  air-passages)  contains  less 
carbon  dioxid  (3.7  volumes  per  cent.)  than  the  ."wcond  half  (5.4  volumes 
per  cent.}.  This  inequality  in  the  proportion  of  the  gases  at  various 
levels  of  the  respiratory  organs  necessarily  causes  a  continuous  diffusion  of 
gases  between  the  various  levels,  and  also,  finally,  between  the  gases  in 
the  larynx  and  nasal  cavities  and  the  outside  atmoaphcre.  The  carbon 
dioxid  constantly  diffu."«s  from  the  depths  of  the  air-vesicles  toward  the 
outer  air.  while  the  oxygen  of  the  latter  diffuses  toward  the  gaseous 
mixture  in  the  pulmonary  alveoli.  This  diffusion  is  doubtless  assisted 
materially  by  the  constant  shaking  of  the  respiratory  gases  by  the 
cardio-pneumatic  movements.  During  hibernation,  and  also  in  cases 
of  apparent  death  of  long  duration,  this  must  be  the  only  means 
for  the  exchange  of  gases  within  the  Iimgs.  Ordinarily,  however,  this 
mechanism  is  insufTicient  for  the  respirator)'  proces-s:  so  that  the  ex- 
change of  air  produced  by  inspiration  and  expiration  must  be  added  to 
it.  By  this  latter  means  atmo-ipheric  air  is  introduced  into  those  parts 
of  the  lungs  lying  nearest  to  the  large  air-passages,  from  which  and  into 
which  the  diffusion-currents  of  oxygen  and  carbon  dioxid  pass  more 
readily,  on  account  of  the  greater  differences  in  the  tension  of  the  gases. 
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If  ibe  inspired  air  contains  a  diminisbcd  quantity  of  oxygen,  tbe  neccesary 
•raooDi  of  uxysen  can  sull  be  sui>|)1ied  to  a  certain  extent  1^  more  rapid  and 
deeper  Tespiratioiu. 

DITERCHAJfGE  OF  GASES  BETWEEN  THE  BLOOD   IN  THE   PUL- 
MONARY CAPILLARIES  AND   THE  AIR  IN  THE   ALVEOLI. 

Tbis  interchange  of  gases  is  accomplished  itimost  exclusively  by 
cheniical  processes,  independently  of  the  dilTuston  of  gases. 

For  tlie  determination  of  the  gaseous  tnicichanf^  it  is  tirst  neceuary  to  . 

tan  tbe  tension  of  the  oxygen  and  the  carbon  dioxid  in  tbe  venous  blood  of  tt 
pulmooary  capillaiics.  Iflugrr  and  WcrifTlM-rg  have  accomplisbed  tbix  by  ealbe* 
terisatkn  of  tbe  Ituigs.  An  opening  is  made  in  Die  trachea  of  a  dog.  and  an 
elastic  catheter  (Fig.  oo.  a)  is  introduced  into  the  bronchus  leading  to  the  knrec 
lobe  of  the  left  lung  In  order  to  have  the  bronchus  fit  closely  around  the  catheter, 
tbe  latter  is  made  lo  pierce  a  rubber  sac  iaflaied  by  mcanti  of  a  communicating 
rubbo^ball  pump  c.  In  tlii»  way  no  air  from  that  pArt  of  the  lung  can  escape  at 
tbe  side  of  tbe  catheter.  The  tube  is  at  first  closed  at  its  outlet,  and  the  aof  is 
allowed  to  breathe  independently  and  as  auielly  as  poesiWo.  After  four  minutes 
the  alveolar  air  in  the  closed -off  part  of  the  lungs  is  in  complete  efiuilibriura  with  the 
blood-gases.  By  means  of  a  mercurial  air-pump  the  air  in  the  lungs  is  suc3u4 
out  of  the  catheter  (at  A)  and  analyzed  The  tension  of  the  carbon  dioxid  and 
the  oxygen  in  this  air  will  indicate  in  an  indirect  way  the  tension  of  these  two 
gues  in  the  venous  blood  of  the  putmonaiy  capillaries. 

For  the  direct  estimation  of  the  gases  in  various  spccin>ms  of  blood,  tb 
gsMB  arc  rcmorrd  by  shaking  ihc  blood  with  another  kind  of  gas.     Tbe  comt 
ticn  of  tbe  mixture  will  indicate  the  proportions  in  which  the  blood-gases  bai 
been  nixed,  and  will  thus  serve  to  drtermme  tbcir  tension.     It  is  desirable  to  ] 
as  mucli  blood  as  possible  with  a  small  quantity  of  gAn;  the  amount  of  tlie  lattt 
tboold  be  about  the  same  as  that  supposed  to  be  present  in  the  blood. 

IfL  the  foUowinf  table  are  shown  the  tension  and  tbe  perccntagie  of 
oxygen  and  carbon  dioxid  in  arterial  and  venous  blood,  as  well  as  in  the 
atmosphere  and  the  air  of  the  dosed-oS  alveoli: 


I. 
TcnaioB  of  O  to  arterial  blood  — 
■9.tf    mm.   of   mercury-,     incre^ued    by 
warming,    corresponding  to  a  ga#eous 
mixture  containing  3  9  per  cent,  of  O. 

II. 

Tension  of  CO,  in  arterial  blood  » 
>i  mm.  o(  taenarf.  eonespondisg  to 
s  8  vol.  per  cent. 

HL 

Tension  of  O  in  venous  blood  «  ti 
mm.  of  mercury^  corresponding  to  j.9 
vol.  percent. 

IV. 
TenstoB  of  CO,  in  venoiM  Uood  ■■ 
41  mm.  of  mercurj';  cermpoading  to 
J.4  VOL  per  cent. 


V. 
Tension  of  O  in  the  alveolar  air  1 
the  catheterized  lung  —  17-44  is 
mercury;  conespondmg  to  j.»  vol.  per 
cent. 

VI. 
Tension  of  C(X  in  the  aU-eolnr  air 
of  tbe  cathcTerized  long  —  j;  nmi    of 
mercury;    conrspooding   to  3.56 
percent. 

VI  I. 
Tension  of  O  in  the  atmospbere  — 
I  s8  mm.  of  mercury;  corresponding  ' 
»o.8  vol.  percent. 

VIII 
Tension  of  CO,  in  the  atmoephere  > 
0.36  mm.  ol  mercury:  corresponding  to 
from  o.oj  to  0.05  vol.  per  cent. 

If  the  tcnsi«n  of  tbe  oxygen  in  the  atmosphere  {VII)  be  c«tnpared 
viththatinvenotisbloodCllOorin  thealveoli(V)it«-ill  be  seen  that  the 
absoTption  of  oxygen  into  the  blood  during  respiration  can  occur  in  the 
form  of  an  equalization  of  tension.  Likewise  a  comparison  of  the 
teoskm  of  tbe  carbon  dioxid  in  the  atmcsphere  (VIH)  with  that  in 
renous  blood  (IV)  or  with  that  in  alveolar  air  (VI)  might  explain  the 
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"excretion  of  that  gas  in  a  similar  manner.     Nevertheless,  the  respiratory 
interchange  of  gases  is  a  chemical  process. 

According  lo  v.  Pltischl  ittr  coiicussion  to  which  the  venous  blood  i>  subjected 
on  being  pumped  into  the  pulmonan-  arteries  provides  for  a  more  ready  escape  of 
Ifae  carbon  dioxid.  a  point  tliat  ia  ol  the  greatest  importance  with  icspect  to  the 
respiratory  proccu. 

The  absorption  of  oxygen  from  the  alveolar  air  tor  the  purpose  of 
oxidation  of  the  venous  blood  in  the  pulmonary  capillaries)  is  a  chemical 
process,  as  the  gas-free  hemoglobin  in  the  lungs  takes  up  oxygen  to 
form  oxyhemoglobin.  That  this  absorption  depends,  not  on  diffusion 
of  the  gases,  but  on  the  atomic  combination  pertaining  to  the  chemical 
process,  is  shown  by  the  fact  that  the  blood  does  not  take  up  more 
oxygen  when  the  pure  gas  is  respired  than  when  atmospheric  air  is 
respired;  further,  that  animals  that  are  made  to  breathe  in  a  small, 
closed  space  will  absorb  into  their  blood  all  of  the  oxygen  but  traces,  to 
the  point  of  suffocation.  If  the  respiratory  absorption  of  oxygen  were 
a  diffusion-process,  much  more  oxygen  would  have  to  be  taken  up  in  the 
first  case  in  accordance  mith  the  partial  pressure  of  the  gas;  while  in 
(the  latter  case  such  an  extensive  absorption  could  not  take  place. 


Bven  in  highly  rarefied  air  (high  balloon -voyages)  the  absorption  of 
an  remains  independent  of  the  partial  pressure.     However,  in  a 

containing  rarefied  air  a  longer  time  and  a  more  vigorotis  shaking 

are  required  for  the  ab.sorption  of  oxygen  by  tlie  blood  at  the  tempera- 
ture of  the  body;  that  is,  the  absorption  of  oxygen  is  not  diminished, 
but  is  retarded.  In  this  way  is  explained  the  death,  for  example,  of  the 
aeronauts  Sivct  and  Croc^-Spindli,  during  an  a.scension  to  a  height 
where  the  atmospheric  pressure  is  only  one-third  the  normal. 

The  laws  of  HtfTusion  cnme  into  ploy  in  connection  with  the  A'bfi^rption  of 
uxycni  (inly  to  the  extent  that  th«  oxygen,  in  order  to  reach  tli«  red  biood-cor- 
pufioes.  must,  first  of  all.  diffuse  into  the  plasma,  where  it  immediately  enters  into 
chemical  combination  with  the  erv'throcytcs. 

The  excretion  of  carbon  dioxid  from  the  blood  into  the  alveolar 
air  could  also  be  well  represented  in  the  form  of  an  equalisation  of  ten- 
sion (diffusion) :  but  here  again  chemical  processes  are  operative,  although 
they  have  not  yet  been  investigated  in  many  details.  The  absorption 
tof  oxygen  by  the  erythrocytes  produces  at  the  same  time  an  cxpiilsion 
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of  t)ie  carbon  dioxid.  This  is  pmved  by  the  fact  that  the  whole  of  the 
carbon  dioxid  is  more  easily  expelled  fnim  the  blood  if  oxyReii  be  at  tha 
same  time  introduced  than  if  all  gases  are  withdrawn.  The  result  is 
different  in  the  case  of  the  scrum,  which  when  subjected  to  a  vacuum  v.il\ 
give  up  only  a  part  of  the  carbon  dioxid,  while  from  5  to  9  volumes  per, 
cent,  are  still  retained ;  the  latter  can  he  released  nnly  by  the  addition  of ' 
acidft.  As  this  carbon  dioxid,  which  exists  in  firm  chemical  combina- 
tion, also  escapes  on  addition  of  erythrocytes,  the  corpuscles  must  contain 
a  substance  that  acts  like  an  acid  in  expelUng  the  carbon  <lioxid. 

THE   RESPIRATORY   GASEOUS   EXCHANGE    AS   A  DISSOCIATION 

PROCESS. 

Some  forms  of  gas  enter  into  true  chemical  combination  with  other 
substances,  when  associated  at  a  certain  high  degree  of  partial  pressure 
of  the  gas  in  question,  This  chemical  combination,  however,  is  again 
dissolved  as  soon  as  the  partial  pressure  diminishes  and  reaches  a  certain 
low  level.  Hence,  by  alternately  raising  and  lowering  the  partial  pres- 
sure, a  chemical  combination  of  the  gas  can  be  fonned  and  again  broken 
up.  This  process  is  called  dissocitiuott  0}  gases.  The  minimal  partial 
pressure  is  constant  for  the  various  substances  and  gases  in  question; 
but  still  the  temperature,  as  in  the  case  of  tlie  absorption  o(  gases,  has 
a  marked  influence ;  namely,  increase  in  temperature  diminishes  the 
partial  pressure  at  which  dLssocbtion  occurs. 

CAlcium  carbonat*  may  he  uVon  as  an  txampk-  to  illustrate  th*  dittsociation  of 

fIRSc*.     When  thw  s«>uitBTicc  is  hc.itcd  in  the  nir  10  440=  C.  cnrbon  dioxid  c«c«pr3 
rom  the  chemical  combination,  but  it  is  gradually  taken  up  again  by  the  cnlcium, 
arter  cooling  has  tnk(^^  plucv. 

The  chemical  combinations  containing  carbon  dioxid,  and  also  those 
containing  oxygen,  namely,  the  oxyhemoglobin  and  the  carbon-tlioxid, 
compounds,  behave  in  a  similar  manner  within  the  blood-stream;  thesa' 
also  exhibit  the  process  of  dissociation.  If  the.'^e  gaseous  combinations 
arc  placed  under  conditions  in  which  the  partial  pressure  of  these  gases  is 
exceedingly  low  (that  is.  when  they  are  present  in  small  amounts),  the 
compounds  are  dissociated ;  that  is,  they  give  off  carbon  dioxid  or  oxygen, 
as  the  case  may  be.  to  the  surrounding  medium.  If.  however,  they  are 
now  .-ignin  brought  into  a  medium  in  which,  on  account  of  an  abundance 
of  these  gases,  the  partial  pressure  ot  the  oxygen  or  the  carbon  dioxid 
is  high,  they  are  again  taken  up  in  chemical  combination  by  these  gases. 

The  hemoglobin  of  the  blood  in  the  pulmonan,'  capillaries  fmds  a 
plentiful  supply  of  oxygen  in  the  alveoli:  therefore,  it  combines  with' 
the  oxygen,  under  the  high  partial  pressure  of  that  gas,  forming  the 
chemical  compound  oxyhemoglobin  On  its  way  through  the  cai>il- 
laries  of  the  greater  circulation,  tlie  hemoglobin  comes  in  contact  with 
tissues  poor  in  oxygen;  the  oxyhemoglobin  is  dissociated,  its  oxygea 
passes  to  the  tissues,  and  the  blood,  with  gas-free  or  reduced  hemoglobin, 
returns  to  the  right  heart  and  thence  to  the  lungs,  in  order  to  take  up 
oxygen  anew. 

The  carbon  dioxid  meets  the  circulating  blood  in  largest  amount  in 
the  tissues.  The  high  partial  pressure  of  the  gas  in  this  situation  causes 
the  constituents  of  the  blood  to  enter  into  chemical  combination  with 
the  carbon  dioxid.  In  the  lungs,  however,  the  partial  pressure  (or 
carbon  dioxid  is  low,  the  gas  is  dissociated,  and  it  is  excreted.     It  is 
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iiw  evident  that,  as  rnncems  the  IiIoikI,  the  giving  up  of  oxygen  and 
the  absorption  of  carbon  dioxid  in  the  tissues,  and,  conversely,  the 
absorption  of  oxygen  and  the  giWng  iip  <if  carbon  dioxid  in  the  lungs, 
are  processes  that  take  place  siiiiuUaiieouKly. 

CUTANEOUS  RESPIRATION. 

liethod. — If  &  huin*n  bcinjt  or  an  nnimnl  m  »lu«;<i  in  the  chainWr  of  a  recpira- 
t  ton -apparatus  (wioh  as  Sfharling's  f>r  v.  Pf  tt«ikof  rr's) ,  and  the  gASCJ^  poKsing  to 
and  from  the  lunf;s  arc  conducted  throitRh  a  rcspiraton'  tube,  so  that  none  o( 
the  giusfOUEt  mterchange  o(  the  lungv  enters;  ihe  chiit«l»er.  twii  only  the  trarupiration 
of  the  skin,  in(f>rmalio«i  can  thuR  hv  nlitainiil  oiiici-ming  thr  cutaneous  rcspira- 
lion.  The  prcitcdure  of  leaving  the  vrholc  head  of  ihr  subject  outside  the  chamber, 
the  nerV  betriK  fixed  air-lifrht  in  its  wall,  in  lusi*  ciirwct  Tlie  cutaiieniai  reiipirHtiOn 
of  acircumscrihcd  pnn  of  the  limly — Jur inst.ince.  nf  nn  rxircmity — ^maybe  studied 
by  enclosing  the  p>an  in  an  air-tight  cylinder  similv  to  that  need  for  the  arm  in 
nnployini;  the  ptcthyi>inQgraph. 

In  twenty-fouT  houTs  a  healthy  man  loses  through  his  skin — which 
contains  the  respiratory  organ  in  the  moist  sweat-glands,  richly  supplied 
with  lilood- vessels — jC  of  liis  entire  body-weight,  which  is  greater 
than  the  loss  through  the  Iung«,  since  it  bears  a  ratio  to  the  latter  nf 
J  :  2.  Of  this  large  loss  of  weight  only  from  8  t(j  lo  grams  arc  referable 
to  the  carbon  dioxid  given  off.  The  remainder  is  comprised  in  the 
evaporation  of  water.  Elevation  of  the  surrounding  temperature  is 
attended  with  an  increase  in  the  amount  of  carbon  dioxid  given  off. 
The  excretion  at  between  39°  and  33**  C.  amounts  to  8  grams  in  iwenty- 
fcmr  hours;  above  33°  C.  it  is  20  grams  (sweating  begins  at  this 
point);  and  at  38.4"  C.  the  amount  is  37.5  grams.  Active  muscular 
exercise  likewise  produces  an  increasefl  excretion. 

Absorption  of  oxygen  by  the  skin  lias  also  hccn  demonstrated,  the 
amotmt  absorbed  being  either  equal  lo  the  volume  of  carbon  dtoxid 
given  off.  or  a  little  less. 

Ai  the  excreiiun  of  carl*on  dioxid  by  the  skin  is  only  about  jIb 
of  that  by  the  lungs,  and  as  the  .ibsorption  of  oxygen  is  only  about  ,  jJq  of 
that  by  the  lungs,  it  is  evident  that  the  respiratory  activity  of  the  skin 
is  in  any  event  but  slight.  It  is  uncertain  whether  or  not  the  skin  gives 
off  gaseous  nitrogen  ur  ammonia.  According  to  Funke  the  skin  secretes 
hourly  0.0834  gram  of  soluble  mlmgen,  this  quantity  being  mcreasctl 
in  the  presence  of  renal  disease. 

According  to  Rohrig.  the  excretion  of  carbon  dioxid  and  of  water  cxiiibiu 
certain  daily  variatviWii.  It  in  tiiereaM-d  during  diitt^Ktirm .  after  the  application  (if 
cutait>.-va%  irritants,  in  the  pnjMTCf  of  obrtriictiun  to  pnlmoimry  mpirstion.  of 
hyperemia  of  the  skin,  ana  wbcn  the  blood  contains  an  increased  number  of 
etyilirocyt*». 

In  warm-blooded  antmalti.  with  thick,  dry  epidermoid  structurt*.  the  cuta- 
neous interchange  of  gats<^i  is  still  less  than  it  is  in  man.  Jn  frogs  and  oilier  am- 
phibta.  with  a  constantly  tiiiost  Kkiii,  ciitaTii'>>ii.H  ri-spiratiijii  beonnes  biglily  impor- 
tant. The  *kjn  here  supplies  from  twr.  thirds  to  thive-fourth*  of  the  total  fpinnitty 
of  carljon  dinxtd  excreted,  an»i  in  hibernating  frugs  lhl^  proportion  is  still  greater. 
Thu  skin  is.  therefore,  a  more  imporlaiil  respiratory  orjian  than  the  lungs.  Im- 
mefsonin  oil  will,  eoniequenily.  kill  these  animaU  uiori;  readily  than  will  ligation  of 
the  lunf^. 

IHTERKAL  RESPIRATION  OR  TISSUE-RESPIRATION. 

The  tenns  itttcnial  reipiraiujn  and  thiue-ra piration  arc  used  to  desig- 
nate the  interchange  of  gases  between  the  capillaries  of  the  greater  cir- 
16 
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culation  and  the  tissues.  Those  organic  constituents  of  the  tissues  that 
contain  carbon  are  subjected  during  tlieir  vital  actixity  to  a  process  of 
gradual  oxidation,  with  the  formation  of  carbon  dioxJd.  Hence.  th« 
tollowiitg  inferences  may  te  drawn; 

I.  The  chief  seat  for  the  absi)r[>ti<iTi  of  oxyyen  and  the  formation  of 
carbon  dioxid  is  to  be  found  within  the  ti-wues  themselves.  That  the 
oxygen  rapidly  penetrates  from  the  rnpi!lar\'  b!ood  into  the  tissues  is 
shown  by  the  fact  tliat  this  blood  rapidly  becomes  richer  in  carbon 
dioxid  and  poorer  in  oxygen,  while  oxygenated  blood,  kept  warm  out- 
side the  body,  changes  much  more  slowly  and  incompletely.  Further. 
if  fresh  pieces  of  tissue  be  placed  in  defibrinatcd  blood  rich  in  oxygen, 
the  oxygen  rapidly  diminishes.  Also,  the  circumetance  that  frogs  de- 
prived of  their  blood  exhibit  almost  as  great  an  interchange  of  gases  as 
do  normal  animals  indicates  that  the  gaseous  interchange  takes  place 
in  the  tissues  themselves.  Moreover,  if  the  chief  seat  of  oxidation  lay, 
not  in  the  ti.«ues  themselves,  but  in  the  blood,  then,  if  oxygen  were 
withheld  from  the  blood  (during  suffocation),  those  reducing  substances 
that  consume  the  oxygen  in  the  process  of  oxidation  should  accumulate 
in  the  blood.  Tliis  is  not  the  case,  for  even  the  blood  of  suffocated 
animals  contains  only  a.  trace  of  reducing  substances.  The  absorption 
of  oxygen  into  the  tissues  may  occur  in  the  form  of  a  temporary  storing 
of  the  gas,  perhaps  with  the  formation  of  intermediate  lower  oxida- 
tion-products. This  is  followed  by  a  period  of  more  rapid  ^paration 
of  carbon  dioxid.  Thus,  the  absorption  of  oxygen  and  the  excretion  of 
carbon  dioxid  in  the  tissues  do  not  necessarily  proceed  on  parallel  tines 
and  to  the  same  extent. 

A  dear  piclurc  ot  (he  ilc\'cltipnicni  of  carbon  dioxid  in  the  tissurs  is  furnished 
by  the  fiict  that  n  larKcr  ivtnoiiiii  at  this  K'ut  b  found  in  the  ciivitics  of  ihr  body 
and  in  their  gases  and  tluids  than  in  the  blood  of  the  CBpilUnes.  Pflugrr  and 
StrsAsburg  found  the  tcnaion  of  the  earboci  dtoxid  (in  millimeters  of  iitercury) 
%*  follows: 


I 
I 

I 


In  artcrin.!  btood .  .*i.a8  tnm 

■■  the  peritonea!  cavity.  ,.    ,$i.i       " 
"  acid  urine, , 68.0 


In  bile, 50  o  mm. 

"  tiydroc«l«-fluid, 46,  j    " 


The  abundance  of  curbun  dioxid  in  these  fluids,  as  compared  with  that  in  the 
blood,  can  arUc  only  from  the  addition  to  them  of  the  carbon  dioxid  generated  in 
the  tifsue«. 

In  the  lynyph  ot  the  thoracic  duct  the  tension  of  the  carbon  dioxid  {from  jj  4 
to  i;  3  mmf  ot  mcTCtiryl  in,  indeed,  greater  than  in  the  arterial  blood,  but  it  is 
still  considerably  less  tlian  in  the  venous  blood.  This  fact  does  not.  hoi^-ever,  justify 
the  condiu'ii'tn  that  only  a  itin;ill  i|ti;mtity  of  earlxni  iltoxiil  is  fftrtned  in  the  liwnics 
from  which  the  lymph' is  collected.  It  raiher  permits  the  inference,  either  that 
the  lymph  pos^sses  less  attraction  for  the  carbon  dioxi<l  formed  in  the  tiasues 
than  d(je»  iiic  ca|iitlary  blood,  v,hcrc  chemical  forces  arc  active  in  the  production 
at  least  of  a  partial  combination  of  the  gas;  or  that  in  the  course  of  the  alow 
lymph-ciLrrent  the  carbon  dioxid  in  partially  Kiveii  1»ck  to  the  tissues  by  ei^ualixa- 
tion  ot  Ifnsion;  or.  finally,  that  carb^jn  dioxid  is  formed  mdcpendcntly  in  the 
blood.  Kwrthermore.  it  is  to  be  pointed  out  that  those  muscles  that  are  known 
to  be  the  principal  producers  of  carbon  dioxid  fumixh  thi*  gas  abundantly  to  the 
blood,  their  titniei  being  relatively  poor  in  l^mtph -vessel s. 

Thc  amount  of  uncombined,  fre«  carbon  dioxid,  capable  of  bcinj  pumped  out. 
in  tbe  fluids  and  gases  mentioned  indicates  that  the  ciuhon  dioxid  passes  over 
from  the  tiuues  into  the  Hood  in  an  uncombined  tree  state.  However.  Prejrer 
bdievcs  that  the  gas  is  carried  over  into  the  blood  of  the  veins  also  in  chemical 
combination. 

The  interchange  of  oxygen  and  carbon  dioxid  varies  con«derably  in  the  differ- 
eat  tissues.     In  the  first  rank  belong  the  muscles,  which  in  a  state  of  activity 
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excrete  n  large  Amnunt  eit  carbon  dioxid  and  cofisumc  much  oxygwi  The  inter- 
change of  caae^  in  tissues  is  incn-aspd  duritig  ihoir  activity.  The  s^^rcling  salivary 
^An&.  kidneys,  and  pancreas  are  no  exception  to  this  rule;  (or  although,  in  the 
secreting  «t»te.  bright  red  lilood  tluws  aivHy  from  them  thruueh  the  dilated  vesgeU. 
etill  this  apparently  relative  diminution  in  the  carbon  dioxid  of  the  venous  blood 
is  more  than  coinpcnaated  (or  by  ita  absolute  increase  through  the  marked  increaste 
in  volume  of  the  blood  pasainK  ihroush  the*e  otkuis, 

Active  reduction -processes  take  place  in  most  ti&sucs,  If  colorins-mattcrs, 
such  as  alicann-hluc,  indopbcnol-blue.  or  mcthylene-blue.  be  introduecd  into  the 
blood  of  animals,  the  tisnues  will  K>on  be  stained.  Thoxc  organs  thttt  h^ve  an 
espcciftllv  rtronj;  attimty  for  oxygen  (such  an  the  liver,  the  cortex  of  the  kidneys. 
atid  the  lungs),  ahstract  oxygen  from  these  coloring-matters,  and  change  them  into 
colorless  reduction -products.  The  pnncreas  ana  the  submaxillary  glajid  have 
almoKt  no  rednomE  power. 

a.  The  blood  itself,  like  all  of  the  tissues,  is  a  scat  for  the  consumption 
of  oxygen  and  the  formation  of  carbon  dioxid.  This  is  proved  by  the  fact 
that  blood  removed  from  the  body  quickly  becomes  poorer  in  oxygen 
and  richer  in  carbon  dioxid;  further,  by  the  cirtninistance  that  in  the 
oxygen-free  blood  of  asphyxi;ited  persons  and  in  the  blood-corpuscles 
there  arc  always  found  small  quantities  of  reducing  agents,  which  hccooae 
oxidized  on  the  addition  of  oxygen.  At  all  events,  this  gaseous  inter- 
chauage  is  but  slight  as  cotnparcd  with  that  occurring  in  all  the  otiier 
tissues.  It  is  incontestable  that  the  walls  of  the  blood-vessels,  by 
means  of  their  contained  muscular  fibers,  also  consume  oxygen  and 
produce  carbon  dioxid,  although  this  process  is  so  insignificsnt  that  the 
blood  undergoes  no  visible  change  in,  color  throughout  its  arterial  course. 

C.  Ludwig  and  his  pupils  have  proved  hv  xpecinlly  adapted  expcnnients  that 
transfoTtnution  into  carbun  dioxid  can  actually  occur  within  the  blood  If  sodium 
lactate,  which  is  easily  oxidized,  be  mixed  with  blood,  and  this  mixture  Lie  sent 
through  the  blood-vesMlx  of  a  recentlv  extiitei!  oTjjan  that  is  «iil  alive  (such  as 
the  kidney  or  the  lung^  a  more  abuntlant  consumption  of  oxygen  and  formation 
of  carbon  dioxid  will  occur  in  this  mixed  blood  than  would  iiccur  in  pure  blood 
sjmiisrly  transfuacd. 

3.  It  may  in  advance  be  concluded  as  probable  that  the  living 
pulmonary  tissue  also  consumes  oxygen  and  generates  carbon  dioxid. 
By  passing  arterial  blood  through  lungs  that  have  been  deprived  of  air, 
C.  Ludwig  and  Mailer  succeeded  in  demonstrating  a  diminution  in  the 
oxygen  and  an  increase  in  the  carbon  dioxid.  Bohr  and  Henriques  con- 
cluded further  from  their  experiments,  in  which  they  restricted  to  a 
considerable  degree  the  circulation  of  blood  through  tlie  bodily  tissues, 
and  found  no  significant  diminution  in  the  excretion  of  carbon  dioxid 
from  the  lungs,  that  the  pulmonary  tissue  is  not  limited  to  a  mere 
excretion  and  absorption  of  gases,  but  that  it  besides  possesses  the  prop- 
erty of  forming  carbon  dioxid  from  substances  that  are  derived  from 
the  other  tissues.  In  like  manner  they  assumed  that  oxygen  is  actively 
taken  up  by  the  lungs;  that  is,  the  lungs  secrete  carbon  dioxid  and 
absorb  oxygen  like  a  secreting  gland. 

As  the  total  amount  of  carbon  dioxid  and  oxygen  in  the  whole 
volume  of  blood  at  any  one  time  is  only  about  4  grams,  while  the  amount 
of  carbon  dioxni  excreted  daily  i.-;  900  grams,  and  the  amotmt  of  oxygen 
ab&orbed  is  774  grams,  it  is  evident  that  the  interchange  n[  gases  pro- 
ceeds with  great  rapidity,  that  the  absorbed  oxygen  must  be  consumed 
and  the  carbon  dioxid  formed  must  be  excreted  quickly. 

As  a  result  of  an  increased  introduction  of  acids  into  the  body  there  ia  a 
diminution  in  the  consumption  of  oxygen  (and  in  the  production  of  neat),  t'^hich 
in  a  high  degree  may  give  rist  to  an  inicmal  oitphyxia  of  the  tissues. 
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RESPIRATION    IN    A    CLOSED    SPACE,     OR    WITH    ARTIFICIAL 

CHAHGES  IN  THE  AMOUNTS  OF  OXYGEN  AND  CARBON 

DIOXID  IN  THE   RESPIRED  AIR. 

Respirntion  in  a  cloetd  )>i>aco  ro^tilts  in  (i)  a  f,Tadiial  diminution  of  the  ox\i^, 
(j)  a  simtiUiini-ous  increaiii;  tif  ihc  carlicm  dioxid,  and  (3)  a  diminuiion  iii  iht 
volump  of  gas.  Jf  the  %inci:  is  (inly  ut  moilcrale  nirt".  Th«  animal  consumM  the 
ux)'gen  almost  completely,  the  blood  bccontvs  almost  fret-  of  oxyEen,  and  death 
finally  rejulia,  accompanied  by  asphr^tlal  convulsions.  The  absorption  of  oxygen 
occurs,  thcrvfort:,  through  chemical  cumhinution .  inileiM.ii<lmtty  of  the  laws  of 
absorption. 

In  luif^r  closed  spaces  considerable  aocumulation  of  carbon  diojitd  taken 
{•lace  bcfort  the  oxvui-n  is  diniininhwd  W  txich  an  rxtcnt  that  life  U  threatened. 
i\i  the  carbon  diiaid  can  be  excreted  from  thu  body  only  n*hen  its  tensiAm  in  greater 
in  the  blood  than  in  thn  inimniniliiig  iiiT,  there  will  be  n-timliftn  of  the  gas  as  the 
amount  expired  into  the  enclosed  spnce  increases;  and.  finallv.  a  return  of  the 
carbon  dioxid  into  the  body  may  lake  place  This  oocuri  wbile  the  oxygen  is 
still  sufiicient  to  support  life.  Death  rciultii,  therefore,  directly  fmm  poisoning  by 
carbon  dioxid.  witb  the  symptoms  of  dyspnea  of  short  duration,  to  which  arc 
added  stupor  and  subnurmui  lemperstun.-.  Thitt  manner  of  death  ha.1  been  ob- 
served in  rabbits,  after  they  had  reabsortjcd  Honie  of  th«  carbon  dioxid  that  bad 
been  cucrctcd  previously  by  them. 

In  pure  oxygen,  or  in  an  atmosphere  rich  in  oxygen,  animals  breathe  in  a  per- 
fectly normal  nuinncr  A  little  more  oxygen  is  abs»rljcd.  but  still  the  amount  of 
carbon  dwxicl  excwied  is  not  increased  In  closed  spaces  tilled  with  oxygen, 
animals  finolly  die  through  the  mib«OT]>tion  n(  iheir  cxcrvted  carbon  dioxid. 
Kalibtts  have  thus  been  observed  to  die  after  they  had  absorbed  an  amount  of 
carbun  dioxid  equal  to  half  the  volume  of  their  body,  although  ilie  encto»ed  air 
still  contained  over  50  iier  cent,  of  oxygen 

Human  beings  and  animals  ciin  still  breathe  an  air-mixture  containing  only 
0  per  cent .  of  uxyKcn;  deepened  respirations  Ml  id  at  10  per  cent.,  and  discuntfort 
at  8  per  cent.  Animals  breathe  with  diflicully  and  lose  consciousness  at  7  per 
cent,,  prvuouiiced  tlyt^pnea  makes  its  appeArance  at  4.5  per  cent  ,  and  quite 
rapid  nuTfocation  at  j  per  cent.  The  sir  expired  by  man  under  normal  conditions 
stul  contains  between  14  arid  18  percent,  of  oxygen.  MammaU  placed  in  a  gaseous 
mixture  poor  in  oxy^-n  eontuine  sliRhlly  lesK  nxyfjen. 

The  metubolism  of  animals  is  unchanged  by  variations  in  the  amount  of 
oxygen  m  the  respired  air  between  the  linius  of  10.5  and  87  per  cent.  If  the 
oxygen  falls  below  10.5  iier  cent.,  there  i.-^  an  increiL-«-  in  the  excretion  of  nitrogen, 
carbon  dioxid.  lactic  acia,  and  oxalic  acid  through  the  urine 

If  the  amount  of  caiboii  dioxid  in  the  inspired  air  be  tncreaaed,  the  respiratory 
movcmcntii  are  increased,  but  the  excretion  of  carbon  dioxid  and  the  absorption  of 
oxygen  nrc  iltniinishcd. 

Inspiration  is  actively  Stimulated  by  a  deficiency  of  oxygen,  as  well  ns  by  an 
excess  of  carbon  dioxid.  Th«  dyspnea  that  is  induced  under  the  condition ' first 
stated  is  prolnngcl  and  sevcM,  while  under  the  wconi!  eondition  the  rexpiratory 
activity  soon  diminishes.  A  deficiency  of  oxygen  further  causes  a  ereatcr  and 
more  prolonged  rise  in  the  blood -pressure  than  does  an  excess  of  caroon  dioxid. 
finally,  the  consuinplinn  of  oxygen  by  the  body  is  leu  reHtnrted  bv  a  (hminulion 
of  the  oxygen  in  the  air  than  by  an  excess  of  carbon  dioxid.  Death  from  limitation 
in  the  supply  of  oxygen  is  preceded  bv  violent  irritative  phenomena  and  ci>nvul- 
sionK.  which  ore  abn-iil  in  case  of  deatd  from  excess  of  cartwn  dioxid.  Finally,  in 
conjunction  with  pcisoning  by  carbon  dioxid.  the  excretion  of  this  gas  is  greatly 
diminished 

1(  animals  be  supplied  with  3  caseous  mixture  similar  to  the  atmosphere,  but 
in  whic-h  the  nilrogt-n  is  rv|ihieed  trj-  hydrogen,  they  breathe  quite  normally:  the 
hydrogen  of  the  mixture  does  not  imdrrgo  any  noteworthy  change  in  volume. 
Increase  or  diminution  in  tlie  amount  of  nitrogen  in  the  air  simply  causes  a  greater 
or  leKier  aluuirptuxi  of  tlic  ga.s  by  the  ttuids  of  the  IkmIv. 

CI.  Bemant  found  that  if  an  animal  be  made  to  respire  in  a  closed  space, 
h  beenme.  up  to  a  certain  point,  accustomed  10  the  sttcccssivc  deterioration  of 
the  air.  If  he  placed  a  l>ird  under  a  gla.vi  Ifcll-jar,  it  lived  for  several  hours;  but 
if.  bi-forc  lis  death,  another  bird  were  added  from  the  fresh  air,  the  latter  iouae- 
diatety  died  in  eonvulsiont. 
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It  is  remarluible  that  irof^.  when  |>laccd.m  air  free  from  oxysen.  will  for 
scvcTftl  hdUTS  give  oH  juxt  wt  much  curbou  <tii>.-ud  ux  in  air  containtn];  oK^gen. 
and  this  without  Any  obvious  tlijtturlwiifcs  Ncnce.the  formation  of  carbon  dioxid 
mud  be  infiepcndctit  of  the  absorption  of  oxygrn.  and  the  carbon  dioxid  must  b* 
set  frte  in  the  dtcomposiiion  of  other  compounds.  Finally,  however,  complete 
motor  puralysiK Hcts  in.  while  the  cintiiaLion  fora  time  rumatnit  undiKtiifbed. 


RESPIRATION  OF  FOREIGN  GASES. 


No  I 


ihtc  lo : 


cTl  life  Hith^iiii 


iliicii^nt.  fidotixti 


o(. 


He 


Icncc, 

wilbmit,  'j\ygcii,  all  other  t^iscs  will  quickly  cniuc  suiiiicitiiu  tin  two  of  three 
minutes',  cvuii  tliouvh  they  bi:  m  ihi'ttiaclvcs  buniik'ss  aud  vudillfrvni. 

CompletelT  indifferent  niiset  arc  repro$onte<l  by  nitro);en.  hydroften,  and 
march-gns  !('[(,).  Tho  hW»1  of  an  animal  br^athin^  any  of  the<M  gaA«s  jictdA 
nooxvRi-n  to  ii. 

Poisonous  Gmtes. 

(ii)  'I ki)i(  Jupla^iitii  itxys"'-'  (•)  Carbon  monoxid  CCO).  (3)  Hydrr)cyanic  acid 
(CNil)dispI«cp<i(')  oxygen  from  the  lu-moBlobin .  with  which  it  forms  a  mori- stable 
compound,  and  it  thus  kilb  with  great  rapidity.  Further,  it  prevents  the  forma- 
tion of  owne  fr«>m  the  osyiten  in  the  blood.  Blood -coqiu.scUrs  i-har^:eil  with  liydrri- 
cyanic  add  lose  the  property  of  dcconipoEing  hydrogen  diuxid  laio  ivaler  and 
oxyggjj. 

{by  Nareolt'e  gas*s:  (i)  Air  eontaining  o.i  per  cent,  of  carbon  dioxid  hat  been 
desifjnaiM  oa  "bad  air";  ttfU,  the  discomfort  experienced  in  «uch  an  atmoaphere 
(fnr  e-xamplc.  in  overcrowded  rooms)  arises  rmther  from  ollensive  exhalations  of 
unknown  characler  than  from  the  earbon  dioxid  ittu-lf.  Air  containing  i  per  cent. 
of  c.trbon  dioxid  pn>duc*i  markud  disfonifon;  wilh  10  per  cent  life  is  endangered, 
and  with  a  iDxher  pi-n-c:itagr  drath  cn»ue».  ac(."<iinpaiin.*d  by  syrnptnins  ii(  ciima. 
(j)  ^^^icn  nitrons  oxid  (N']05  'S  respired,  mixed  with  one-fifth  its  vulnme  of  oxv- 
gcn,  ilcau&cainfromoncandonc-hajf  to  twominutejiafiliort.cvaiiesceni.  especially 
plcafiurabie  ttale  uf  intoxication  njiu)i;hiiig-^iL.i) ,  which  is  followed  by  un  incn'axc<! 
excrvtion  of  carbon  dioxid.  (3)  Pureoioniied  air  producer  similar  effects^  it  also 
causes  short,  agreeable  excltrment,  then  drowsiiicBsand  rapidly  iransicnt  sleep. 

(c)  RfdiietHg  gai'-t  (I)  Hvdrogcn  Kulphid  (11^1  rapidly  deprives  the  erythro- 
cytes of  all  oxygen,  forming  sulphur  .nnd  water  by  oxidation:  drath  oceurs  quickly, 
even  Itefore  the  gas  cm  etit'ct  any  change  in  ihp  hemoclobin,  with  the  formatioti 
of  sulphur-met hemoalubiti-  In  addiiiun,  hydrogen  sulphid  forms  in  the  blood 
sodium  Kiilj)hid  Iram  wjdiitrn  carbonate,  the  new  compound  rapidly  rauxing  death. 

(j)  KyvtrogfH  pkoiphUi.  phoipltin  (PH,),  is  oxidized  in  the  blood  to  form 
phosphoric  acid  and  water,  with  decomposition  of  ihc  hcmoj^lobin. 

(3)  Hyd^een  artentd,  tirsitt  (AsHi).  and  hydrogen  aniimt>Mid,  uihin  {SbHil. 
act  like  hydrogen  phosphid.  but  in  addition  they  cdlow  the  hemoglobin  to  pass 
out  of  the  stroma,  ^n  that  the  excreta,  as  the  urine,  contain  hemoglobin, 

(4)  (TviiM'ij.-if  fCjN',)  withdraws  oxvgt'n  and  further  dcf^omposc^i  the  blood. 
Irretpirable   gase«  cannot    bo   inspired  at  all,  ais  they  e.-vimc  rvtlex  spasm  of 

the  glottis  fir  cnicring  the  larynx  If  introduced  forcibly  into  the  air-passages. 
thCT  give  riw  to  violent  inflammatory  proceases.  followed  liy  other  disturbances 
and  death,  hiciuiled  in  this  vhifx  arc  hytlriK'hhjric  iicid  (HCH,  h\ilrotluoric  acid 
(HFl).  sulphurous  acid  (SOj).  nitrous  acid  (N',0,),  nitric  acid  (MjOil,  ammonia 
(N'Hil.  chlorin.  fluorin.  iodin.  bromir.  undiluted  o»onc.  and  pure  carbon  dioxid. 

OTHER  INJURIOUS  SUBSTANCES  IN  THE  INSPIRED  AIR. 

Particles  of  dust  are  among  the  impuritica  of  the  atmosphere  tliat  are  harmful 
in  large  quantities  and  after  long-continued  action.  Most  of  these  particlc«  are 
ex|>ell«4l  externally  by  means  of  the  ciliated  epithelium  of  thii  respiratory  organs, 
whose  cilia  wave  toward  the  larjmx.  Some  of  the  dust 'particles,  however,  pene- 
trate the  epithelium  of  the  air-vesieles.  and  thui  reiich  the  interstitial  pulmonary 
ti*«ue.  from  which  they  frequently  pass  thrtniKh  Ihc  lytnph-vesscU  to  the  lymphatic 
glands  of  the  lungs  For  this  reason  coal-dust  is  found  deposited  in  ihc  lungs 
of  all  cMcrlv  fjcrsons.  blackening  llie  alveoli.  In  moderate  amounts  these  sub- 
atoRces  are  Karraless  in  the  ti.-isucs;  but  it  the  deposits  Iwcomc  large,  they  may 
cau»e  pulmonary  diseases  that  mav  finally  lead  to  disintegration  of  the  lungs. 
The  particles  penetrate  between  the  alveolar  epithelium  into  Ihc  interstitial  pul- 
moaary  tissue,  and  then  into  the  lymphatic  vessels  and  glands.     In  many  trades 
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the  work  muBt  he  done  in  a  dusty  atmosphere,  and  they  are  thug  rcnd«red  detri- 
mental to  health.  Charroal-bumen,  ^o<Ie».  ttone-cutten,  ft1«-cuttcrx.  it-exvcn. 
^pitmett,  lobucct^vorVen.  Kiwwn,  millcTK.  hakem.  and  others  sillier  frtim  various 
affections  of  lh«  lungs,  induced'  by  the  dust  of  their  trades.  During  a  year's  work 
a  workman  in  a  borse-hair  mill  inliales  13  grams  of  du«t.  in  a  t^iiw-mili  a;  CT^iinx, 
in  a  woolen  mill  10  crams,  in  a  Krinding  mill  37.;  f^ranu,  in  an  iron-foundry  43 
grams,  in  a  snufT- factory  108  grams,  in  a  cement- factory  it*  ^rama. 

Tbe  ciliated  epithelium  b  i.*xt.-e«dii)Kly  sensitive  to  mechanical  cxdUation.  Th« 
coArdinulod.  conliiiucus  movement  of  the  cilia  on  a  larscr  surface  dfcs  nut  depend 
wholly  upon  an  external  <mM-hftnical)  conductkin  of  the  »timulu«.  but  also  upon 
an  inlemat  cnnduniion  (as  in  the  nervous  systam). 

There  is  no  doubt  that  with  th«  inspired  air  the  germ*  of  infectious  diseases 
are  often  taken  into  the  renpiratory  organi:.  whence  Uiey  gain  entrance  into  the 
liocly.  Thus,  the  diphtheria- bacillus  becomes  localised  in  the  phar>*nx  and  th« 
laiynx.  the  glanders-bacillus  m  the  no»e,  the  germ  of  whooping-cougli  in  the  bronchi, 
the  microbes  of  hay-fcvcr  and  oiena  in  the  nose,  the  mHuenxa-liacillua  in  the  air* 
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pUMgM,  tlie  pneumonia-bacillus  in  the  nir-vcticlcs.  The  cause  of  tubcrcukwia. 
the  baclUua  tubrrculoti^.  tillers  the  .-tir-lillrrl  pidmonary  tissue  with  the  dust  of 
inbaKulous  sputa,  and  may  spread  from  that  focus  through  all  of  the  tissue*.  In 
a  Bimilar  manner  leprosy  anscs  from  the  bacillus  lepr*.  Tlie  cause  of  malaria, 
ibe  plasuiodium  malaris  possessed  of  amelxnd  movement,  reaches  tlie  blood 
partly  through  the  resptratofy  organs,  changes  the  hemoglobin  within  the  red 
corpuscles  into  melanin,  and  causes  their  destruction.  In  the  same  way  the 
blood  is  invaded  by  the  exciting  s^nls  of  smallpox  (micrococcus  vaccine), 
the  spirillum  of  relapsing  fever,  the  aldl  little  knvu-n  microbe  of  measles,  and  the 
as  yet  undiscovered  genn  of  scarlet  fever,  etc. 

Many  disciL.%e-i^-nii.i  enter  the  mmitli  with  the  air,  others  with  the  food,  and 
arc  swallowed,  so  that  they  underKo  development  in  the  intestinal  tract.  This  is 
true  of  cli^era  {comma-bicillus) .  dysenter>',  t>-phoid  fever  {bacillus  typhoaus), 
and  amebic  ealeritis  (amceba  coli;  the  amceba  eoli  miiis  is  less  virulent,  and  the 
am'vba  intestirn  vulgaris  is  harmless).  In  cattle,  anthrax  arises  in  tlie  same  way 
from  bacterium  anthracts, 
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(VENTILATION). 


Fresh  air  is  one  of  the  most  necessary  conditions  for  saluury  existence  on  Ibe- 
part  both  of  the  healthy  and  of  the  sick  It  may  be  assumed  that  a  suilicienc 
renewal  of  the  air  in  living-rooms  will  be  n»sured.  if  Soo  cu  ft,  of  space  be  allowed 

fcir  every  mmate  of  a  room,  and  about  io»ocu.  ft.  for  every  sick  person.    Thcneccs 

s.iry  space  for  the  inmuies  of  dwellings,  schi-ols,  barrack.-   ■  -  — -'  --'i.<"'--.r.-   ;incSB 

hoepilal -wards  riiould  be  measured  Bccordingly.  and  the  t: 

individuals  should  be  made  only  in  ilii>.  iirit  -urtinn.      Hi. v.  ' 

been  fflatcHully  departed  frvirn  in  vari 

In  overcrowded  spares  the  atrifr'n  ■■  *raie«. 

normal  amount  in  the  air  (0.5  ii 
livlag-rooms  to  from  0.54  to  e  ; 
in  toQo:  in  overcrowded  audn- 
schuol-rooms  to  ;  i  in  1000. 
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that  makes  the  air  of  cron-dcd  spaces  injurious,  but  rather  the  exhalations  from 
the  outer  and  iiiiier  nuifacvK  of  the  Inxly.  which  at  the  &»iiie  time  render  the  nir 
oficnstvc  to  the  sense  of  smell,  still  the  amount  uf  car^n  dtoxid  is  an  indication 
wf  iht  degree  wt  viiialion  of  lb«  atinosplNre.  T"  determine  whether  or  not  the 
ventilation  is  sulficicnt  in  spnceit  crt>wdf<I  with  indiwitimilii,  the  carbon  dioxid  of 
the  air  should  ht  t^xtinmtMi  atinntitAtivi-ly  nt  the  time  of  occupation;  hence,  in 
Bchool-fooma,  if  possible,  shortly  hcfivrc  th<;  close  of  the  school- scfision.  or  in  sick- 
wards  or  dormvtorie*  (barracks)  Bbonty  b^ioru  daybreak.  As  a  good,  comfortable 
n>oni>straosphcrr  coniaini;  Iru  thnii  o.j  of  carbon  dioxid  in  1000.  th«  vrntitntion 
of  a  space  must  be  considered  insullicicnt  if  more  than  1  o  in  tooo  is  found 

The  atmosphere  eontaina  only  0.000$  cuhic  meter  of  carbon  dioxid  in  i  ci:lnc 
meter  of  air,  and  an  adult  pro<luces  hourly  0.012b  cubic  meter  of  carbun  dioxid. 
Therefore,  il  will  be  found  on  colculntton  that  ventilation  must  supplv  iij  cubic 
meters  (for  a  child  60  cubic  meters)  of  fresh  air  hourly  for  each  person  il  the  carbon 
dioxid  in  the  livinR-rooni  is  lo  be  ki'pt  below  0.7  in  i&oo — 0,7  :  1000  —  (o.oj]6  + 
X  X  0.0005):  s.  liencr.  X  —  >ij-  If  the  ,-imount  of  cArbon  dioxid  in  the  air  of  a 
room  be  allowed  to  reach  i.o  in  tooo,  then  an  hourly  ventilation  of  45  cubic 
meters  is  suRictent  for  an  adult,  and  »4  cubic  meters  (or  a  cliild. 

The  following  method  in  emjilovfi]  to  iloicrmine  wht^ther  a  living-room  has 
suHicient  ventitaiion.  A  laree  quantity  of  cartxm  dioxid  is  gpneraied  in  the 
room,  as  much  as  1  or  i  liters  hourly  for  every  cubic  meter  of  space  The  hurninK 
of  St cnrin -candles  mny  be  employed  iis  the  .lourre  of  carbon  dioxid.  ench  candle 
producing  it  liters  of  gas  in  one  hour;  n  gasbumer  supplies  100  liters  an  hour; 
an  adult  man  produces  ».6  liters  by  rospiration,  and  a  school-child  t>  liters 
hourly.  If  mfncicnt  cnrtxm  dioxid  hu-i  bten  produced  at  the  end  of  an  hour,  the 
generator  is  removed,  and  tht  lirst  rrtiinntmnol  carton  dioxid  in  the  «ir  is  made, 
according  to  the  method  described  later  or  At  the  end  of  another  hour,  during 
which  the  windows  and  doors  are  kept  closed,  the  second  e4timation  of  cnrbon 
(tinxid  is  made.     The  amniinl;  of  fi^sh  air  that  has  entered  by  vetitilntion  during 

this  hour  is  calculated  by  the  following  fnniudu:    C  —  a  j  X  m  V  log.  ''_*.   in 

which  C  represents  the  volume  in  cubic  meters  of  fresh  air  that  hat  entered  by 
Tentilation  m  one  hour,  m  the  volume  of  room-space  in  cubic  meters,  p  the  amount 
of  carbon  dioxid  contamed  in  i  cubic  meter  of  the  air  in  the  room  at  the  first 
(Slimation.  cxiirrmed  in  cubic  meters,  c^  the  umriiint  of  cnrbon  dioxid  in  each 
cninc  meter,  found  at  the  second  estimatjon  and  expressed  in  cubic  meters,  a  the 
carbon  dio.xid  in  aunospheric  air  —  oooos  cubic  meter  in  1  cubic  meter  of  air. 
Examptt:  In  a  school -room,  ctmt.nininK  40  children ,  the  Iir»l  estimation  of  car- 
bon dioxid  is  made  shortly  before  the  clnse  of  school.  If  the  result  be  j  in  loco.  it 
will  indicate  the  presence  of  0.00a  carbon  dioxid  in  i  cubic  racier  of  air.  After 
the  children  have  gone,  the  windows  and  dnDpi  are  ngain  closed,  and  the  second 
analogous  estimation  is  made  at  the  end  of  an  hour.  If  the  result  be  i  in  1000, 
there  will  be  0.001  cartion  dioxid  iti  i  cubic  meter  of  air  The  siM  of  the  school- 
room is  600  cubic  meters.  The  quantity  of  fresh  air  that  has  entered  the  space 
during  the  hour  can  be  estimnted  aceordmg  to  the  foregoing  formula;  C  —  >-5X 
'ftoo  X  log.       "•'-0™;  _  1380  V  log.     "-"^  -1380  X    log.  ,1    -    1380    X 

0.4771111  p.  658,1  cubic  meters.     Hence,  658,4  cubic  meters  of  fresh  air  have 
entered  the  schooUroom  by  ventilation.     As  one  child  requires  60  cubic  meters  of 
fresh  air  hourly,  the  40  pupils  re(|«ir(!  40  X  60  —  1400  cubic  meters  of  fresh  Mr 
in  one  hour;  but,  as  a  matter  of  fact,  the  ventilation  of  this  space  amounts  to 
only  658.4  cubic  nieters,   tJierefore,  1741-C)  cuinc  mcterc  are  still  wanting.      Hence, 
either  a  better  ventilation  must  he  provided,  or  fewer  children  should  Tie  allowed 
to  attend  the  school.     A  ventilation  that  amounts  to  more  than  three  times  the 
rooai-K>acc  hourly  will  be  ftniiid  to  give  ri<M'  to  an  unpleasant  draft,  and  is,  there- 
far*,  onen  directly  harmful  in  winter.     For  the  schoolroom  in  question  containing 
oooeuhic  meters  of  space,  only  ifioo  euliic  meters  of  ventilaiinn  hmirlv  would  be 
pwrntssible."    hence,  there  is  only  space  in  that  room  for  at  most  .to  pupils  Oo  X 
~-  .'**<''■     As  the  space  receives  only  6jS  cubic  meters  of  ventilation  hourly, 
'*»"''/''  "">**  ^^  made  bv  l>ettcr  ventilation  for  the  addition  vf  1141  cubic  meters 
»«i  f  '"'*b  sir;  but  without  further  ventilation  place  could  be  found  in  the 
^Moronly  1  r  children  (fijS   v  fio). 

r-.        .j.^  living-rooms!  in  which  the  necessary  space  fSoo  cu.  ft.)  is  allowed 

•\tr.  the  air  i«  surticienily  reneued  by  the  numerom;  pj^ires  posscfised 

'  ■'  the  rooms,  as  well  as  by  the  jtoing  in  and  nut,  and  further,  in  win- 
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ter,  by  <tovM  (a  w^ll-hcAttd  <tOV«  provkting  »  ventilation  of  from  40  to  90  cubic 
mrtora  of  air  hourly).  That  this  wntilation  ta  snihciem  is  proved  by  the  fact 
that  the  niRouDi  l>(  carlmii  diiixid  in  the  mnm  rctnnini:  con^nanl.  When  thcrr  is 
a  more  «in«iik-rab1<-  rlifli-rpncx'  l>ctv.-fvn  the  icmprralurr  in  the  room  and  chat 
Otttside  (a&  in  winiiT),  Uw  ^viititaiiim  is  mure  lhi»n  9.ii<!iiieiu. 

If.  huwcver.  ihp  riiliic  »|>acf  jilloititl  tu  r»ch  inmatr  tt^  Xnu  small,  us  in  ov«t- 
cTuwiliil  hii^pilaK.  narn.i»"  ship-fiuarlcrs.  etc.  ibcn  the  ni-ccssary  change  of  air 
must  Iw  provided  for  liy  mcan^i  uf  Cfmirivaiicf*  Un  xnil'n-ial  ventilation  The 
ftatiic  muBl  be  dune  if  nuxioua  cxhalationjc  an:  givrn  ol7  by  the  &ick.  Abuvc  all. 
however,  it  is  to  be  noted  that  the  natural  ventilation  through  the  pores  q(  walla 
IS  CTCAtly  limited  if  they  Ik'  dkinji.  At  the  ruinu:  time,  dump  ivalU  are  prvjudicial 
to  tlFalth  byfcaion  at  iV-ir  jjreattr  cuiditPlitm  of  hi-at,  nnd  alsn  hecuusc  tbef^niM 
of  tnfecticitis  disn-aKcii  rati  dc'Vi-loji  in  them,  as  in  miiist  jpvvund  genrrally 

Ventilation  may  Ix-  acc{<mp1t«hed  either  by  aipiratii<n.  the  exchange  o(  air 
bving  bfxjushi  about  by  siK'tiun-powiT,  or  by  |>uImuii,  tlie  freUi  air  being  iiumprd 
into  the  n>«>ni. 

Tbr  carlxwi  dioxid  contained  in  the  air  of  a  living-room  tnay  be  estimated 
as  follows:  \  li«ryta-»nlutinn  is  |irepari-d.  cnnLnining:  10  grama  of  crystiilUxvd 
barium  hyilnile  and  05  trnm  of  barium  chlurid  in  ■  liter  of  water.  A  lar^. 
dry.  itccurately  K<^*)ualcd,  6-liter  Hs&k  is  tilled  with  air  from  the  room  to  be  in- 
ve*tiK;«tcd,  bv  blowiuK  ihe  air  for  some  tiioe  down  to  the  bottom  of  the  flask  by 
meaiu  of  a  bellows.  Then.bymeansof  apirxt  loocn.cm.of  th«',bar\-ta-«olutinii  are 
allowed  to  run  into  the  tlaxk,  naturally  dinnliu^ing  100  cii.  em.  of  the  air.  The 
flask  is  thm  closed  with  a  rubber  cap.  and  is  aliowetl  to  stand  for  two  hotirs. 
heing  sliaken  occasionally.  In  ibis  way  all  the  carbon  dioxid  a  absorbed  by  the 
bary I M •Solution.  Then.  i<;  cii.  cm.  of  the  clear,  «upematant  Huid  are  withdrawn 
into  a  mrdicinc-bottk.  and  ar«-  titrated  with  a  normal  »xnl)C-acid  solution  from 
a  graduated  buret .  until  a  drop  of  the  mixture,  when  placed  upon  turmeric  paper, 
does  not  form  a  brown  stain,  tlint  i.t  until  thi:  ruiiciion  is  iivutrul.  A  few  drops  of 
a  mlutkin  of  c.i  gram  of  tokoIIc  acid  in  100  cu.  cm.  of  dilute  alcohol  may  also  be 
added  to  the  baiyt  a -solution  in  the  medKrine-bott!*".  nn^during  a  red  coloration. 
When  oxalic  acid  is  added,  the  mixture  ia  dccoloriied  by  the  slightest  exceas  of 
this  acid.  To  rropar«  the  normal  oxjvlie-acid  Kolutioa,  1.S636  ;p^ms  of  pure. 
ciystalhzed.  undec<MnpOf;cd  oxalic  acid,  dried  by  having;  stood  over  concentrated 
Biuphuric  acid  under  a  gl.iss  bell-jar  for  ffiur  hours,  are  diisolwd  in  1  liter  of  wat«r: 
t  cu.  cm  nf  this  i;(>1ulion  itt  er)iii\-alenl  tu  1  mgm.  of  carbon  dioxid.  The  nnmhrr  of 
cubic  centimeters  of  acid<solution  added  to  the  barvtxiuilution  is  noted  Now. 
aj  cu.  cm  of  the  original  bartta-iKilution,  with  which  nothint;  has  been  done,  are 
titmled  in  like  manner  with  the  normal  ocid-anlation  to  the  pt^nt  of  neutralisation; 
here  also  the  amount  of  the  acid-solution  added  is  noted.  By  subtraction  the 
diflercncc  is  fimnd  between  the  amounts  of  normal  acid-solution  added  in  Ixitfa 
titrations.  Each  cubic  centimeter  of  this  difference  id  eniiivalcnt  to  i  uiKm-  of 
carbon  dioxtd.  and  the  reKulting  value  must  be  multiplied  by  4.  m  view  of  the 
(act  that  only  sj  cu  cm  of  the  io«  cu.  cm.  of  baf>'lJ» -solution  were  titrated.  The 
result  gives  the  milligrams  of  carbon  dioxid  in  six  bters  minus  100  cu  em.  of  air. 

The  milli);rain!t  at  carbon  dioxid  ihu«  determined  are  conreried  into  cubic 
centimeters  by  muliinhing  thrm  by  o  joS  (as  o  so8  cu  cm  of  carbon  dioxid.  at 
O*  C.  and  760  ram  of  barometric  pressure,  weighs  i  m;rn  )  The  vohimc  of  the 
air  is  furtlner  reducnl  to  o'  C  and  7A0  mm  of  biaromctric  pressure.  This  is  dome 
according  to  the  formula  V,  -    - — ^^_?_  .  in  which  V,  rv|}resents  the   n- 

dticcd  volume  dcsin-d,  V  the  %'olainrof  air  taken  in  the  dask  for  the  experi- 
mcnt.  B  the  barometer-reading  taken  at  Ihe  linK  nf  the  cxpi-Tiinml,  and  t  the 
temperaiure  in  the  investigated  room  By  this  reduction- procedure  the  results 
can  DC  oMainrd  in  percentages  for  possible  cfimparisons. 

Eiompif  Twcnlv-fivc  cu,  cm.  of  the  baryta -solution  are  neiUrali«ed  by  means 
of  *«.*  cu.  cm.  of  the  oxalic-acid  solution;  35  cu.  cm.  of  the  bar\'ta- solution  aft«r 
the  absorption  of  cnrl>on  dioxid  (tnken  from  the  experimenl-fla^ki  are  ni-uiralii«d 
by  means  of  only  31.5  cu  cm.  of  the  oxalic -acid  snintton  The  diflentice  lietwieeB 
them.  J4  ft  —  11.5  —  3.1.  rnpfpsefits  31  m^.  of  cnrlioo  dioxid,  which  have  be«n 
absorbed  in  ilie  «;  cu.  cm.  of  baryta-soluliom.  Accordingly,  there  arc  contained 
in  the  100  cu  cm  irf  har\-ta*ROl'ution  cmplovcd  r»  *  mgm.  of  carbon  dioorid 
U  X  3.1)  If  II  be  assumed  that  the  larvc  fla»k  r>f  air  conlnins  4100  cu.  cm.,  of 
which  100  cu,  cm  have  been  displaced  bv  an  ef|iial  volume  <>l  l\»ryt»-eoIui»on 
that  has  been  run  in.  so  that  there  remainsa  volume  of  nir  etiuM  to  4000  cu,  era.; 
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and  if.  at  the  tim<:  of  tliu  expcrimeni.  the  tcmperalure  of  the  living-room  was  as" 
C,  and  the  bartiinctci-reading  750  rnm.,  then  the  rediicetl  %-oluin«  of  air  corrc- 


»pon<linK(i>tlie4oo*>cu.  cm.  is  V, 


«eeoy  ;vs 


—  36-S  cia.  cm.,  in  which 


are  contained  u  4  mRin.  carbon  dioxid.  One  nig:in.  of  carbon  dioxtd.  how- 
ever, cquftb  o.-ioS  CO  cm, :  limce.  there  wure  in  367S  cu.  cm.  of  uir  6.aqg  cu.  cm. 
ofcKTboa  dioxid  (13.4  X  0.508}.  In  1000  cu.  cm.  uir  this  amounts  to  1.7  cu.  cm. 
[acconling  to  the  formula  x  ;  1000  —6.199  :  3675),  or  i.j  of  carbon  dioxid  in  1000. 

NORMAL  SECRETION  OF  MUCUS  IN  THE  AIR-PASSAGES. 
THE   EXPECTORATION  (SPUTUM). 

The  mticnii*;  membr.itiR  of  the  rpspiratory  tract  is  covered  by  a  thin 
layer  of  mucus.  This  mechanically  hinders  further  formation  of  inucuS 
hy  pT«venting  the  usual  irriiaiion  of  the  air  and  dust.  Additional 
mucus  is  secreted  only  in  bo  far  as  it  is  rendered  necessary  to  replace 
that  lost  by  evaporation.  As  a  rule,  increased  circulation  of  blood  in 
the  tracheal  mucous  membrane  is  attended  with  increased  secretion. 
Division  of  the  nerves  on  one  side  (in  the  cat)  gives  rise  to  redness  on 
the  same  side,  with  increased  secretion. 

On  "cittching  c.a\A"  (for  inalnnoe,  an  a  result  o(  tiovcnng  the  iihdciraMi  w^th 
jc«)  thf  muewiB  mi-mbranc  Iirst  Ixromes  complctoly  pale,  and  ihvn  fk-i-p  ro), 
with  marked  increase  in  the  secrttion.  Injection  of  sodium  carlionate  and  ammo- 
nium chloiid  rvKtriclK  the  iwcnttittii.  I'hr  kx'al  »j)[)li coition  of  ahtm,  silver  nitrate, 
or  tannic  acid  dries  the  mucous  mcTnbraiic,  so  that  the  epilhctium  is  cast  off. 
Apomorphin,  cmctin.  »nd  pilocarpin  actively  stimulate  the  secretion:  atropin  and 
morphin  limit  it. 

Even  under  normal  conditions  hawking  and  coughing  mil  cause  the 
expectoration  of  slimy,  viscid  material,  wliich  may  be  derived  from 
the  entire  respiratory  tract,  and  is  .ilways  mixed  with  a  little  saliva. 
In  the  presence  of  catarrhal  conditions  or  of  more  serious  disease  the 
expectoration  becomes  more  profuse,  and  is  often  mixed  with  charac- 
teristic products.     It  contains: 

1.  Epitiu'ltoi  cells,  especially  squamous  cells  from  the  mouth  and 
the  throat  (Pig.  9a.  8).  more  rarely  alveolar  epithelium  (3).  still  more 
rarely  ciliated  epithelium  (7)  from  tlie  larger  air-pas.sagcs.  Not  rarely 
changes  are  found  in  the  epithelium  as  a  result  of  maceration,  including 
tlie  cylindrical  cells  that  have  already  lost  their  cilia  (6)  and  contain 
swollen  nuclei. 

Alveolar  epithelium  (i),  with  u  diuinclcr  from  l^vo  to  four  times  that  of  a 
leukocyte,  i«  found  csiiecmlly  in  the  morning-sputum,  but  only  in  thnt  from  per- 
sons over  30  years  01  age.  In  younger  persons  its  presence'  indicates  diseased 
conditions  cif  the  iiulmonary  parenchyma.  Alveolar  epithehum  is  found  also  In 
a  state  of  (ntty  clegenerntiun  nnd  lit'led  wilh  jji^ment-Rr^nuIeK  (j) ;  alMi  in  Iht,* 
form  of  myclin-degencratcd  cells  C-i).  that  is.  cells  filled  wilh  clear  refractive 
droplets  of  varying  size,  some  being  colorless,  and  some  liuviog  absorbed  pigment- 
granules  (duitt -jiarticles) .  Also  mucin  in  myeltn-ronns,  that  is,  in  the  (onn  ot 
ooaigulated  nerve -substance,  is  found  constantly  in  the  sputum  (5)  VIucus  is 
■tftincd  yellow  by  safntnin,  vrhilc  album  in  is  stained  red. 

2.  Leukocytes  (g)  arc  present  in  large  number  in  yellow  sputum, 
and  in  smaller  number  in  clear  sputum.  They  are  (o  be  looked  upon 
as  white  blood-corpuscles  that  have  wandered  from  the  blood-vessels. 
Tlicy  also  arc  often  found  in  changed  forms  and  in  a  state  of  dissolution; 
lltey  may  he  shrivelled  up,  tilled  with  f. it -granules,  or  they  may  appear 
Ks  conglomerations  of  granules;  and,  hna.!ly,  isolated  nuclei  indicate 
the  destruction  of  their  cell-bodv. 
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Bosbopbile  celli  u-e  found  in  tlic  sputum  from  cases  ot  osthoia,  aod  alio>i 
ibe  nsMl  sccntioo  from  cases  of  acute  corv^a  and  of  nasal  poIyp&-     Leuluc 
containing  hemosiderin  are  ftmnd  after  capillary  heroorrikages  in  tbc  oir-p: 

The  fluid  substance  of  the  sputum  contains  much  mucus,  derived 
from  the  mucous  glands  and  the  goblct-c«ils,  also  some  nuclcin  and 
lecithin,  and  the  constituents  of  the  saliva,  according  to  the  amount 
mixed  with  the  sputum.  Albumin  is  found  in  the  sputum  only  in  cases 
of  inflammation  of  the  air-passages;  its  amount  increases  with  the 
degree  of  inflammation.  Urea  has  been  found  in  the  sputum  in  cases 
of  advanced  nephritis. 

Pathological. — In  the  presence  of  catarrhal  conditions  the  sputum  is  usually 
At  lim  glair7  and  slimy  (sputa  cruda) ;  later,  it  liecomes  more  consistent  ana 
yoUow  (sputa  cocta) . 


ntum:    i,  itubot  and  thict-puttclM:   •.  HfittBUa  «l«Hdtr  «ttfci*°i°'-  .*■ 

6.  1.  ilMquamMad  litUInf  rniiliclium.  mnly  dwoMi}  •ad  i—^.. -, 

(iIm;  S,  iqiumout  aptthtflium  from  tho  moatKj  9,  LcaLocvit*^    19,  <la*lic  fiber*;  11,  bbrinouBaalw  ftiSMll 


Flo.  »i,— Obi*a»  FmiBd  in  ih*  Spnwm:    1, , „       _  _, 

ivlin-fonni.  0.  ;.  1" 


taiimt^-.  i.  fnr  mnlin-tunnil  6.  i.  ilMquamMad  (itUInf  rpii  Iiclium.  mnlf  thayeri  md  dtpdm  (d  ki 
(iIm;  S,  iqiumout  anthflium  from  tho  moutKi  9,  LcaLocvit*^  19,  <l«tlic  fiber*;  11,  bbrinoua  <aaL  w  ft  iSMll 
hroocliui:   >■  ttcMtarti  buttaliLMtaihtr  Willi  OMti  tadl]i.«o<  ■piwthem  •.laaiy.MiilarwUtMtd  int 


Utir  (nnulc*;  K  iMmatatdla:  t,  CwcM*!  vrtuhi  4,  <hcl«MfB. 

Under  patholo^cal  eonditions  there  may  be  found  in  the  i^uta: 

(«)  Erythrocytes,  always  from  rupture  of  a  blood-vessel. 

ib)  Eluiic  llben  (to)  from  destroyed  pulmonaiy  alveoli.  Uftually  they  occur 
in  small  bundles  of  delicate  (iben,  which  at  times  suBgest  the  rounded  waits  of 
the  alveoli  by  their  curved  arrangement.  Naturally,  they  alwap  mdicaie 
destruction  of  pulmonary  tissue. 

(c)  Huch  more  rarely,  in  the  presence  of  rapid  and  extensive  disintef^ratlon 
of  tbc  hines,  there  occur  larger  fmgmentft  of  puimooary  debris,  cmbnicine  several 
alveoli;  Utewise  small  pi«ce«  of  ftbro-cartilage  or  unstriated  rau*cJ«-tiber»  from  the 
small  (lir-paataites. 

(d)  Colories*  coagula  of  fibi^  rtt>  mav  be  founrl.  And  ore  usuallv  to  be  rccog- 
niied  as  caBiB  of  the  smalW  gi'  ite  fiirmedineonttcction 
with  inflammatory  pror.  '.  are  atu-nded  with  a 
fibrinous  exudation  In*  ■■■!<  !  '  Iv  in  cases  of 
pneumonia  in  adulU  •'  ,  >n  cases  of 
M'verc  inllucnxa. 


BPPeCTS  OP    ATMOSPIIERtC   PRBSSURE. 


151 


(<)  Ciystals  of  vsrious  kinds:  Fatty-acid  crystals  (a),  arranged  in  bundW  of 
fine  needles,  usually  lying  in  whitJd],  cnccs>'.  tci'tA  lumps  of  gpuiuni.  They  indi- 
cate a  more  profound  piT<-«a  of  ilrcomposition  offectinj;  the  !(l;ii;nf»un[i  tKcretirni 
and  thv  undcrhinz  tisstic.  Crystals  of  leucln  and  tjrosin  arc  r.ircly  found  as 
dec  Dm  posit  ion -products  of  tb«  albuminates.  Tyrosia  ts  found  more  abundantly 
aft«r  rupture  of  an  old  abscess  iato  the  Iunj[S.  Colorlvis.  octuhtrdral  or  rhombic 
plateleu  uith  eloo^ted  poinu — CharcoCs  crystal*  (e) — have  been  found  in  th« 
expectoratifm  in  oues  of  asthma,  Iving  in  and  on  peculiar,  spirallv  wound  plugs 
of  exudalr  from  the  narrow  air-possuses:  they  have  also  been  found  in  connection 
with  other  exudatifn  affections  of  the  bronchi.  These  structures,  also  called 
CuTKhmiinn'*  spirals,  are  produced  when  the  re»iMrat<iry  air.  in  pa»(inK  by,  draws 
out  pans  of  the  secretion  into  threads,  and  rolls  them  spirally  to  and  fro.  Hema- 
toidm -crystals  (it),  from  old  cITuaions  of  blood  in  the  lungs,  occur  rarely;  likewise 
cholestenn-crystaU  (d),  anKinf;  from  brokcii-«p  collections  of  pu». 

(/>  Fungi  and  other  low  oreanisms  are  found  in  the  sputum,  being  taken  in 
during  inspiration.  The  tlireaas  o£  leptollmx  buccalis  in)  occur  frcquenlly, 
hsvinf;  been  detached  from  deposits  on  the  teeth.  Mycelial  threads  and  spores  are 
found  in  the  sputum  in  esses  of  thnuh.  which  occurs  frequently  in  thi--  inontfas 
of  nursing  infants  as  white,  spreading  depoeitt  (oldium  albicans).  Among  the 
bacteria,  the  mucous-membrane  streptococci  (mostly  diplococci)  are  constantly 
found,  and  frequently  the  micrococcus albusliquefncienK:mi]  hanntt.-«K  saprophytex: 
pyogenic  cocci  usually  occur  only  in  cases  of  pulmonary  tuberculosis.  In  the 
presence  of  gangrene  of  the  lungs  monads  and  ccrcomonads  have  been  found,  in 
ca.^e.1  of  pncumtini.-)  at  timen  the  bacillus  pneumonia:  of  Friedlinder.  in  casea  of 
inilucnr.a  t  he  intluenia-bAcillus  of  Pfeilfcr  and  Canon .  in  cases  of  whoopine-cough  a 
minute  djplococcus  {according  lo  Czaplewski  and  Hensel  a  non-motile  Oacimis). 
in  esses  01  mumps  a  bacterium  similar  to  the  gcmococcua,  in  cases  of  measles  the 
baciUu.-c  couMng  that  disease,  in  ca*ei  of  pulmonarj-  tuberculosis  without  exception 
the  tu here le-baci Hub,  Rarely  the  savcina  is  foun^:  this  is  encountered  more  fre- 
quently in  the  stomach  in  the  presence  of  gastric  catarrh,  and  also  in  the  urine. 

With  regard  to  its  external  appearance  sputum  may  be  described  a.s  mucous, 
mnco-puruleiit.  or  purulent.  When  heated  at  fio"  C.  all  sputa  are  reiluced  to  a 
imtform  degree  of  fniidity. 

The  sputum  may  have  an  almormal  rnlorntidii.  ThuH,  it  may  \>e  red  from 
blood-pigment  i  if  it  remains  long  in  thclunes.  the  bloodpiemcnt  may  run  through 
a  whole  scale  of  colors  (as  iu  external,  visible  blood-tumors),  and  it  may  thus  give 
the  spula  a  dark-red,  bluish-brown,  bTOwnish-yi-llow,  deep-yellow,  yellowish -green, 
or  grass-green  color.  The  sputum  is  sometimes  yellow  in  coses  of  jaundice. 
Coloieddust.if  accidentally  inspired,  may  also  color  the  expectoration 

The  odor  of  the  spula  is  usualtv  stale,  and  more  or  le&s  unpleasant.  It  be- 
comes ill-tmellinfi  when  it  has  remained  for  some  time  in  pathological  cavities  in 
tiie  lungs:  it  is  stinking  in  the  presence  of  gangnnc  of  the  lungs. 

EFFECTS  OF  ATMOSPHERIC  PRESSURE. 

At  the  normal  pressure  of  the  atmosphere,  with  the  barometer  regis- 
tering 760  mm.  of  mercury,  a  pressure  is  txcrtcd  on  the  entire  surface 
of  the  body  amounting  to  from  15,000  to  ao.ooo  kilos,  corresponding 
to  the  extent  of  surface — 103  kilos  to  each  square  decimeter.  This 
pressure  acts  on  the  body  equally  from  all  sides,  and  in  those  internal 
air-spaces  as  well  which  are  in  direct  communication  with  the  outer 
air  either  constantly — as  the  respiratory  tract,  the  sinuses  of  the 
frontal,  superior  maxiJiarj',  and  clhmnid  hones — or  only  temporarily 
— as  the  digestive  tract  and  the  tympanic  cavitv.  If  an  air-filled  space, 
for  example  the  tympanic  cavity,  be  closed  o&  from  the  outer  air  for 
some  time,  a  rarefaction  of  the  gases  in  the  space  occurs,  as  a  result  of 
the  consumption  of  oxygen  and  its  replacement  by  a  smaller  volume  of 
carbon  dioxid.  As  the  fluids  of  the  body  (blood.  !>Tnph,  secretions, 
parenchynutous  juices)  are  practically  incompressible,  their  volume 
may  be  regarded  as  unchanged  by  the  prevailing  pressure.  These  fluids, 
howc\tr,  absorb  gases  from  the  atmosphere  in  accordance  with  the  pre- 
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vailing  pressure' — that  is.  the  partial  pressure  of  the  several  gases — and 
also  v.nth  their  temperature.  The  solid  constituents  of  the  body  arc 
composed  of  innumerahle  and  minute  clementan-  parts,  such  as  cells 
and  iihers.  of  which  each  presents  only  a  microscopic  exteat  of  surface 
to  the  intiuence  of  the  pressure.  Hence,  the  prevailing  atmospheric 
pressure  for  even-  cell  can  be  estimated  only  at  a  few  milligrams,  a 
pressure  under  which  even  the  most  delioiite  hislolriRical  structures 
develop  with  case.  As  an  example  of  (he  action  of  atmospheric  pressure 
on  larger  masses,  attention  may  be  called  to  tlie  fact  thai,  as  a  result 
of  the  adhesion  of  the  smooth,  sticky,  articular  surfaces  of  the  shoulder- 
joints  and  the  hip-joints,  the  arni  and  the  thigh  arc  supported  without 
the  aid  of  muscular  activity;  so  that,  for  example,  the  thigh  is  still  lield 
in  the  acetabulum  after  all  of  the  soft  parts  around  the  neck  of  the  femur, 
including  the  articular  capsule,  are  divided 

An  ordinary'  increase  in  barometric  pressure  has  an  influence  on 
the  respiratory  activity  in  that  it  stimulates  slightly  the  respiratory 
movements,  while  a  fall  in  barometric- pressure  has  the  opposite 
effect.  The  absolute  amount  of  carbon  dioxid  remains  tlie  same;  but 
in  connection  with  the  lessened  frequency  of  respiration  attending  a 
low  barometer,  the  percentage  is  naturally  somewhat  increased. 

XSarkid  ditninutiott  in  Hw  atmoipkrric  prrssurr.  such  as  occurs  In  a&cending 
tnoumains  nr in  balloon-voyages  (the  highest  known  ascension,  wiihout  loasof  con- 
tciousncMt  having  been  iiutdc  by  Bcnon  of  Berlin,  to  a  hci^t  of  t)iAS  metere  at 
a  temperature  of  — 47  7'  C  >.  causes  a  serirs  of  chitraetcrimc  ijhntotnrna:  (i)  Aa 
a  result  of  great  diminution  in  ilic  pressure  on  surfaces  in  direct  contact  with  the 
air.  they  undergo  marked  coiii;estiiin.  Hence,  llicre  occur  redoes  a»d  swdling 
of  the  SKin  and  cxpo«;<l  mucous  m4-nil)nin«,  even  lo  the  extent  of  causing  bcmor- 
rfaages  from  the  more  <lclicat«  parts,  «<  the  now.  lh«-  Kings,  the  gums;  turgidity  of 
the  cutaneous  vfins,  profute  sweating,  marked  secretion  from  ih*  mucou*  mem- 
branes Thfi  nrterii-s  become  niDce  empty;  at  one-hall  the  aimmpheric  pivssiara 
the  blood-pTi'ssure  in  the  radial  artcrj'  Iweins  to  fall,  (»)  Oth«r  direct  eflects ' 
of  diminished  pn-isure  art'  a  feeling  of  weiEnt  in  the  legs,  as  the  atmospheric  i>f«a- 
stiie  alont?  in  nc)t  >.iillicii-i)t  to  ket-p  the  head  of  ibe  femur  in  the  acetabulum;  buJg- 
jng  of  the  t>Tnpanic  mcmbrHnc  by  the  air  in  the  tympanic  cavity,  until  the  differ^ 
cncc  in  tension  is  vqualitcd  through  tlic  Eustachian  tube,  and  as  a  consequence 
pain  in  the  ears  anil  evim  imfiairmciit  of  hearing.  (3)  Tlic  diminution  in  the 
tension  of  oxygen  in  the  surrcunding  air  causes  difhculiy  in  breathing  and  oppres- 
sion of  the  chest,  as  a  result  of  which  the  respirationi;  liccom*  more  rapid  (also 
the  pulse),  deeper,  and  irrcgulftf.  At  on  elevation  of  fmm  jooo  tn  4a«o  metera 
the  respiration  and  puUe  are  increased  one-fourth;  when  the  atmospheric  presnir* 
is  reduced  fn)m  one-third  to  one-half,  the  bloud  loses  oxygen,  and  m  concequeoca 
there  is  incomplete  removal  of  the  carbon  dioxid  from  the  bl'iod  and  a  considerabte ; 
diminution  in  the  oxidation-processes  in  the  body.  When  the  atmospheric  j)r««- 
sure  is  onc-hnlf  or  less,  the  amount  of  carl»>n  dio.\id  in  the  arterial  bloml  is  dimin- 
iahed.  and  the  amount  of  nitrogen  decreases  in  pnjjxirtioo  to  the  diminution  in 
atmospheric  prtsaure  Kablnts  ketit  under  a  pressure  of  from  ,^00  to  4150  nun,  of 
mcreury  die  on  the  third  day,  ana  present  widespread  fatly  dcgt-neralion,  espo- 
Ctallv  of  th«  heart 

In  men  and  in  animak,  residence  in  high,  mountainous  regions  app<-ar8  to 
increase  in  the  course  of  a  few  days  the  amount  of  hemoglobin  in  the  blfXKl  and 
the  number  of  red  corpuw-'Iei:-  This  cfftjct  should  be  favorable  for  the  absorption 
of  oxygen  A  noteworthy  phenomenrm  is  the  appearance  of  numerous  microcytes 
in  the  first  few  days.  Dyspnea  from  varimis  cnn.fe»  also  has  a  similar  effect  In 
man.  (4)  In  conaequcnce  of  the  diminution  in  the  dcn,iity  of  the  air,  the  latter 
is  not  able  to  produce  loud  tones  in  the  larynx  through  the  vibrotion.t  of  the  vocal 
bands:  honcc,  the  voice  appears  faint  and  altered,  (5I  In  consequence  of  th« 
determination  of  blood  to  the  externa!  parts  in  contact  with  the  air.  th*  internal 
parts  become  relatively  ponr  in  blood;  ln-nc*  result  diminution  in  the  secretion  o( 
urine,  muscular  weakni^ss.  digestive  dwturbanccs.  dulncts  of  the  senses,  (aiming 
Bpelb,  all  of  which  phenomena  are  intensifwd  by  the  conditions  mentioned  in 
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puMnph  (i).  According  to  the  obscnations  mode  by  Whimper  on  himself  during 
the  wccnt  vl  iIk  highest  peak  in  ihc  Andva.  ihc  boc^'  can.  to  a  certain  extent, 
accunom  ittcIC  with  rvspcct  to  thoc  latti-r  phiriiuni^iia.  At  an  elevation  uf  from 
^«oo  to  Seoo  meters  lass  of  consciciu^ncK*  occur*  at  time*;  the  ecronauts  Croc^ 
bptnflli  and  Bivel  }c«t  thoir  liv^A  at  a  height  of  Xboo  mtlers,  wh<Tc  tho  rarvlivd 
an  contains  only  j)  ^ht  cent,  of  oxygen  (uie  air-pretsun;  being  941  mm.  of  mer- 
cury). In  dogs  n.  iTvorked  Inll  in  th«  bl(K>d-prv*sure  occurred  tint  at  aoa  mm,  nf 
mercury,  accompanic-d  by  a  ^tnall.  slow  pulse. 

i'he  Inhalntants  of  high,  mountainous  regions  arc  someitnifi  attacked  by  an 
illncio  (raiountain-sirlcntsK).  which  ci^riMtKlH  ummtially  of  syinjitmnx  ximilar  to  thoK 
described,  especially  anemia  of  the  internal  organs,  and  which  is  accompanied  by 
a  diniiniitiun  in  ihc  amount  of  hcmoclobin  in  the  blood.  Alexander  von  Hum- 
boldt found  remarkaUr  tirtimincss  oClhv  thorax  in  the  inhubilauta  of  the  binh 
Andes.  This  phvnomen"ii  biis  bixn  attributed  to  a  diminution  in  the  carbon 
djoxid  of  the  tiixiHi.  uhtcti  serves  as  n  (stimulant  to  the  rcxpirntor^'  center.  At  an 
elevation  of  from  Ooao  to  Sooo  feet  above  th<^  sea.  water  contains  only  about  one- 
ihirtl  theaminuit  «(air  alisiurbed.  therefore  liah  cannot  longer  live  in  it. 

Animalti  can  hr.  subjeclKl  to  a  still  gri-ater  ran:f;jctiLin  iif  the  alnio«i»hrre  und^r 
the  receiver  of  an  air-pump.  Under  sucli  condilioHE  birds  die  when  the  air-prexgure 
is  reduced  to  no  ram  of  mercury:  mammaU  at  40  mm.  of  mercury  Fn)g!i 
endure  repeated  evncniition.  and  jw  n  ri-sult  ihey  become  much  rlistended  by 
escaping  gases  and  aqueous  vapor,  after  ihe  entrance  of  air,  however,  ihey  col- 
lapHc  toniph'teiv.  HoppcScykr  ascribes  the  cause  of  death  in  «arm-bloodcd 
animuU  to  the  (fcvi'l<.ipmi.'nt  o(  hub  in  the  blood,  thi'  bubbles  wbslrucling  the  capil- 
larici*.  l-andoin  has  often  been  obli?  to  c-ontirm  thi«  tiht-nomcnon,  nnd  a«  far  hack 
as  iS;^  he  suggested  that  the  dcvclr-pmcnt  of  gas-liubbles  in  the  parcnchymalous 
juices,  especiiUly  of  the  nervous  system,  might  act  mjuriously  through  mechanicM] 
laceration  of  the  ti^^ues.  Sudden  rL-ductum  of  a  [ir«viously  high  uir-jirvsmre  may 
act  in  a  similar  manner.  The  free  gas  that  forms  in  the  blood  is  almost  pure 
niiriigen.  The  prcM-iice  of  air  in  the  arteries  of  the  spinal  cord  produces  anemic 
puralysi^,  and  biter  bical  itcstnictinij  of  the  ncrve-element.i.  Bedi  and  Wcjifer.  in 
16*1;.  were  the  first  to  observe  death  frnm  blowing  air  into  the  veins,  as  a  result 
of  mt.'chaniciil  oWtruction  tu  the  clrmilutiun, 

hocal  dimmulioii  oi  the  air-pressure  results  in  marked  congestion  and  swelling 
of  the  tissucii  in,  the  alieclcd  part,  thib  is  shown  in  tbc  simplest  niannvr  by  cuppisjf. 
Under  the  name  of  the  '  cupping-bfiot"  Junod  described  an  apparatus  for  the  rare* 
faction  of  air,  made  to  include  a  whoie  extremity:  this  apfmrnttiK  rendered  possible 
a  reduction  to  one-third  in  the  air-pressure  stimninding  the  leg.  By  this  means 
from  1  ui  3kilajLof  blood  may  be  aspirated  into  the  leg,  thus  producing  a  temporary 
wthdrawal  of  blond  fir>m  other  part*  of  the  Inidy.  without  causing  a  prrmaneni 
loss  of  blood  to  the  body.  The  energetic  applicatiim  is  rxceeilingly  painful,  and 
the  jiftCT-ellccta  persist  for  4S  hours. 

Marked  iWr.-.ur  r>/  liu-  iitin,".phtric  prt^^iutcn  accompiinied  by  phenomena  thai 
may  for  the  most  part  be  explained  as  the  reverse  of  those  described  in  lite  ditt- 
cu5«^on  of  dinunulion  of  the  air-pressure.  They  have  been  otjeeivcd  many  times, 
partly  in  so-called  pneumatic  cabinets,  in  which,  for  therapeutic  purposes,  the 
preesure  is  gradually  increased  to  one  and  onc-lifth,  two  and  two-tifths  atmos- 
pheren  and  more:  partly  in  closed  ^e*eT^■oi^a  used  in  construction  under  waler, 
Bndout  of  which  the  wattTis  fdren!  by  pumping  air  iii.  Unde^raucheondiiinns  men 
work  at  times  even  under  a  pressure  nf  four  und  one-half  atmospheres  The  fol- 
lowing phenomena  are  worthy  of  attention:  (1)  Pallor  and  drynew  of  the  external 
surfaces,  collapur  nl  the  rulant-nuK  veiiia,  reduction  in  per.spinitKin  ami  the  secretions 
from  mucous  membranes,  greaicr  supply  of  blood  lo  the  nbdnminal  organs,  (j) 
Presamu  inward  of  the  tympanic  nK-nibranc  (until  the  Eustachian  tube  allows  the 
compressed  air  in  the  tympanic  cavity  to  escape,  often  with  a  noised :  conntdcrablc 
paia  in  the  ears  and  even  impairment  of  hearing.  (3)  A  feeling  of  lightness  and 
Ireshneas  during  respiration.  'I'lie  respirations  become  slower  (from  ?  lo  4  in  a 
minute),  initpiration  \i  made  easier  and  shorti^ned,  expiration  is  lengthened,  and 
the  pauKc  is  distinct.  The  capacity  of  the  lungs  is  increased,  owing  to  irtvt  mnw- 
ment  of  the  diaphragm  in  ccniBc'iuctvce  of  diminution  in  the  gn»cs  contained  in 
the  intestine.  Ij.  v.  Liebig  has  noted  an  increase  in  the  absorption  of  oxyp^n: 
I*anum  found  that  with  the  itame  vulumen  of  air  interchanged,  the  excretion  of 
carbon  dioxid  is  increased:  the  venous  blood  ap[icars  tn  be  reddened.  (4)  DitHi- 
ciilty  in  Ecpeoldng.  a  nasal  metallic  tone  (o  the  voice,  inability  to  whistle.  <0  In- 
CTta«cd  secretion  at  urine:   on  account  of  tlie  more  rapid  oxidation  in  tli«  Imdy, 
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there  ia  increased  activity  ol  metaboJiun.  incMiat  in  muscular  en«fgy,  ji 
appetite,  tubjecttvc  feeling, of  warmth.     Th«  pulse  is  slower,  and  the  pulse-curve 
lower. 

On  account  of  the  Invigorating  and  Elimulatiiig  effect  of  a  tsojoum  in  moder- 
ately compressed  air.  the  emuluymcnt  of  the  latter  has  been  practised  for  thera*  | 
peutic  purpcxes:  and  it  has  oren  found  that  nrpcaled  appticatiuns  have  produced 
uvoiable  after-effects  of  considerable  duration.     Unduly  rapid  increase  of  pressure 
is  to  be  avoided  and  likcwJAC  unduly  rapid  removal  of  the  prctisurc. 

Waldenburg  and  other*  have  constructed  apparatus  in  thv  Conn  of  a  spirom- 
eter; cither  coinprc&6cd  air  may  be  iiupircd  from. its  bcll-)ar.  or  the  bell- jar  may 
be  filled  vrith  rarelied  atr,  into  which  thtf  expirations  are  made.  Uoth  method* 
are  uxcd  in  suitable  coses  for  therapeutic  purposes. 

Paul  Bert  has  found  at  an  cxcicai%'ely  high,  artilicial  atmospheric  jtrvuiure. 
over  30  vol.  per  cent,  oxygen  in  the  arterial  blood  of  animals  (investignTcd  at 
joo  mm.  of  mercury).  If'ihe  amount  of  oxygen  reaches  j5  vol.  per  cent  .  death 
occun.  accompanied  by  convulsions.  At  a  sonitiwhat  lowrr  point  the  bodily  lem- 
peraturc  falls,  the  oxidalton-proccsscs  in  the  body  arc  reduced.  Strang  lo  say, 
and  as  a  result  ot  this  the  formation  of  carbon  dto.tid  and  urea  is  diminiafaed. 
Greatly  compiirssed  oxygen  also  produces  the  efTcct  of  a  relative  dcficicacy  of 
oxygcui  animalc  die  in  it,  exhibiting  signs  of  suffocatioQ  with  greatly  reduc^ 
metabolic  processes. 

Frogs  exhibit  in  compressed  oxygen  (up  to  14  atmos^eresj  the  lame  phe- 
nomena as  they  would  in  a  vacuum  or  in  pure  nitrogen.     There  occurs  paralysis] 
of  the  ccnlral  nervous  s\-&tcin.  at  times  preceded  by  convulsions.     ThuD  tho  heart 
stops  l:«ating  (but  not  the  lymph-hearts),  and  at  the  same  time  the  motor  nerves 
lose  their  irritability;  tinally,  the  direct  mtiscular  irritabiliiy  disappears. 

Under  exceedingly  high  ptcssurc  of  oxygen  (thirteen  atmospbemi)  an  cxciscdi 
frog's  bean.  bcat&  scarcely  mic-fuurth  the  time  that  it  remains  active  in  titc  air. - 
If  the  C|uict  heart  be  brought  into  the  air,  the  pulAatinn.s  may  return.     Under  ■ 
pressure  of  100  aimosphcfcs  the  frog's  muscles  still  contract  normally,  and  only 
at  400  atmoBphcres  do  thev  become  paralysed. 

Phosphorus  ccaMs  to  be  luminiferous  under  hijth  pressure  of  oxygen,  but  not, 
however,  the  phoGphorcscent  organisms, — for  example,  the  lamprey, — orthcphos- 

fihorescent  bactena.  such  as  those  of  meat  CmicroeoecuB  Ffl&geri).     Bxceedlmgly 
iigh  atmospheric  pressure  is  in)un'>us  to  plants  also. 

COHPARAtlVE.    HISTORICAL. 

Mammals  have  luiigx  similar  to  those  of  man.    Those  of  birds  exhibit  a  tfOOfff 
structure:   they  arc  fused  with  the  inner  sur^e  of  the  chrst-wall.  and  have,  on 
their  outer  surface,  openings  that  kad  into  large,  thin-wallcd  air-sacs,  lying  among 
the  viscera.     Thene  air-sacs  further  cummunicate  with  the  cavities  in  the  bones, 
which  contain  air  instead  of  marrow,  in  order  to  provide  greater  iightocM  (poeu- 
maticity  of  the  bones).     There  is  no  diaphragm,     in  reptiles  the  lungs  ar*  divided 
into  larger  and  smaller  divisions  of  vesicles;  in  snalees  one  lung  atrophies,  while 
the  other  becomes  greatly  drawn  out  and  elongated,  in  accordance  with  the  form 
of  Che  ImkIv.     Krogs  pump  air  into  their  hings  by  contraction  of  tiie  pharyagml 
sac.  the  nostrils  being  closed  and  the  larynx  opeoed.     Turtles  hll  their  Itmgs  with 
air  bv  a  sucking  movement.     Amphihin  (frog)  possess  two  simple  Eung^t,  each  of 
whicli  in  ii*  structure  to  a  cenain  extent  rcprescnla  an  mormmw  infundibuluaaj 
with  its  alveoli.     When  young  (until  their  metamorphosis)  they  live  as  aquatic 
animals,  and  breathe  by  means  o(  gilLi:    the  perriinihranchiatca  (proteus)  indeod, 
like  the  lishvs,  breathe  in  this  mnnncr  throughout  life.     Among  tiahes  the  dipooi, 
l>e(idei  their  gills,  possess  a  swimming-bladder,  abundantly  supplied  with  Bffemit 
and  efferent  vesarls.  constituting  an  internal  respiratory  organ  remot«l)r  con^ianbls 
to  the  lungs      By  the  term    "gilU"  is  meant  an  organ  for  respiration  in  water, 
constnictt^d  m  the  form  nf  numerous,  vascular,  plate-like  diverticula.     Among  thai 
fishes,  the  miid-tish  (cobitis)  exhibits  an  intestinal  respiration,  when  tbete  is  lack] 
of  water  and  it  buries  ttficif  in  mud;   m  this  process  air  is  swallowed  on  the  upperj 
surface  of  tho  water,  the  oxygen  is  abctractM  iaJta^ntggDC*  ^"d  dirhon  dnxidi 
is  discharged  through  the  anus.     Insectaao^HH^^^^^^fc''  ii  trachcas, 

which  consist  of  numerous  air-canab  dj|^^^^^^^^^^^B  ^^^  com- 

mtmicaling  with  the  atmosphere  ottJ^^^^^^^^^^^K 
openings  (stigmata)  that  can  be  ek^^^^^^^^^^^^H  -'.toev 

movement  of  the  blood,  the  air  ci 
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into  tlw  blood-filled  bod y-c«vi ties:  while  in  the  lunK-bTCathin];  vcrtctiratcs  the 
blood  conducted  through  tubes  ii  brought  from  the  whole  body  to  the  respiratory 
organ.  The  ttti^iiiia  uii  ihu  outer  svrikcc  of  the  body,  constituting  the  entrances 
to  the  trachciu,  Atv  provided  with  peculiar  cuntnvaiK«s  for  clvaing.  And  cmn  b« 
employed  for  the  cmiuion  of  sounds.  ArachoidG  respire  by  means  o£  trachcM  Aod 
ltuiK-l»(e  air-wKs  (iruclieal  poueh«9> ;  cr &bs,  by  means  of  gills  Muss«Is  and  c*i>h«lo- 
po^  possecs  fully  developed  gills;  snails  have  partly  gills,  partly  lungs.  Among 
the  low«r  animala,  gill-Uke  formation!  arv  still  found  aniung  the  rouiitrwornu  ana 
in  the  echinodf  mis;  iniestinal  rvGpiraii<jai  occurs  in  the  tunicate^  and  many  of  the 
milcs-  Res]>iruticin  by  means  of  a  water- vascular  system,  a  system  of  canals  through 
which  water  llows,  is  peculiar  tu  Ihi:  itiedusur  and  thellat  wonna.  The  lowest  animal 
forms— protozoa,  sponges,  polyps— do  not  possess  a  special  rcspiralon.-  organ;  in 
them  the  surfaces  m  coaiaiM  with  water  carry  on  the  respiratory  interchange  of 


HlstoricaL^.\hstotIe  (384  B.  C)  regarded  the  object  of  respiration  to  be  the 
cooling  of  the  body,  in  order  to  moderate  thi-  internal  heat.  He  ot»erved  cor- 
rectly that  the  warmest  animals  also  respire  most  actively,  but  in  the  interpretation 
he  revrmi-d  cause  and  ellect;  fur  ihc  Kumi-bltwded  iminiala  do  not  respire  on 
account  of  their  heat  (for  cooling  purposes) ,  but  they  ara  warm  as  a  result  of  their 
more  active  respiration  (combustion). 

Galen  C>03-t3i  B.  C.)  already  observed  the  purifyinc  action  of  the  rvspiratory 
organ,  assuming  that  the  "soot  '  was  removed  from  the  body  with  the  expired 
air.  together  with  the  expired  water.  The  most  important  cxperiracnta  coiiceniirg 
the  mechanics  of  respiration  date  from  Galen,  rte  maintained  that  the  lungs 
passively  follow  the  movements  of  the  thorax,  that  the  diaphragm  ia  the  most 
important  respiratory*  mutiele,  that  the  external  iiitercoBlaU  are  iiispirati^ry  mus- 
cle*, and  the  mtemaj  intcrcostalt  expirator>'.  He  divided  the  intercostal  nerves 
and  muBclirii,  and  obsirvfd  that  lo*8  of  voice  followed.  After  dividing  the  spinal 
cord  at  progressively  higher  levels,  he  found  that  successively  higher  thoracic 
muscle*  Kecame  pitnttyzt^d.  TheophiluK  Philan^tus  taught  that  the  circulation 
could  bo  improved  by  Knid  citing,  singing,  or  speaking.  Onbasius  (360  A.  D.) 
observed  that  both  lungs  coliap^d  in  the  prwence  of  double  pnetimothorax. 
Vesalius  (15^0)  tintt  dcM^ribed  artificial  respiration  as  a  means  of  reanimating  and 
stimulating  the  heart's  action.  Malpighi  (cfifii)  described  the  peculiar  structures 
of  the  Iiini:*  Lower  {ifi6i)>  saw  the  blood  become  bright  red  in  the  Uings. 
Bore^Ui  (died  1679)  tirst  explained  most  thoroughly  the  mechanism  of  the  respira- 
tory movements. 

The  chemical  processes  atletiding  respiration  were  already  suspected  by 
Uayow  (t67<)):  "Ignis  el  vita  iisdem  particulis  aireia  suitinetur."  However, 
more  accurate  knowledge  could  be  obtained  only  after  the  discovery  of  the  several 
eases  coming  under  observation,  J.  B,  van  Helmont  (died  1644)  discovered  car- 
bon dioxid.  and  found  thut  the  air  was  vitiated  by  rexjii ration;  but  Biack  (17^7) 
Rrst  discovered  theexcretion  of  carbon  dioxid  duringrespiraiit-n  In  1774  Pristley 
and  Schecle  discnvtrcd  oxygen.  Lavoisier,  in  i7?s.  found  the  nitrogen,  and  at 
the  same  time  ascertaiiird  the  mmpidiilioii  of  the  atmosphere.  The  same  investi- 
gator alio  represented  the  formation  of  carbon  dioxid  and  water  during  respiration 
OS  being  the  result  of  combu.-ilimi  within  the  lungs.  J,  Ingcnhousz  (1779)  dis- 
covered the  respiration  of  plants^the  abnorption  of  carbon  dioxid  and  the  giving 
off  of  oxygen  during  that  process,  Scncbicr  (178O  found  that  thia  exhaled  oxygen 
arose  from  dccompusitiwn  I'f  the  carbon  dioxid.  Vux^l  and  others  definitely  proved 
the  existence  of  carbon  dioxid  in  vennus  blond.  Hoffmann  and  others  rtemon- 
■trated  the  presence  of  oxyf[en  in  arterial  hlo-^d  Lavoisier  with  Sf^j»uin,  in  rySg. 
miulc  the  first  communication  concerning  the  quantitative  absorplion  of  oxygen 
and  cxcrelion  of  earbnn  dioxid  dtiring  re*[)irati<iii .  M tire  complete  inMBht  inin  the 
i!nterchang<:  of  gases  duniig  respiration  could  be  obtained  only  after  Stagnua  ex- 
tracted and  anuyied  the  gases  from  arterial  and  venous  blood. 
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THE  MOUTH  AHD  ITS  GLANDS. 

Tli«  mucous  membrane  of  the  mouth  cunlains  sebaceous  glands  ut  ibc  red 
filge  o(  the  Itpit.  ll  coiwiKt*  ot  liVtriUiir  conrit-clive  tissue  intermixed  with  fioe 
clastic  libers  Toward  ihi-  free  surface  it  forms  papillic.  of  which  the  lareext 
(0.5  mm)  arc  fimnd  011  tbc  lips  and  the  ^mia.  including  smni-  with  doubk 
|)iiints — twin  impilla-  The  nmiiUot  an-  on  the  pjilnlc  and  in  ihr  fold-like  dtiplica- 
turcs  of  the  mucosa.  The  submucous  tissue,  which  passes  directly  over  intu  tbc 
mucosa,  m  ihickv^t  atid  mo«t  de»»v  where  iIk-  mucuus  membrane  is  tmnwvabty 
utlftched  to  the  periosU-um  of  the  maxilla  ond  the  palMt«,  and  al»o  m  the  vicinity 
i>f  glandulnr  involutions:  while  il  is  most  dcltcaic  over  mnvahle  and  folded  parts. 

Tile  Bttrfacv  H  lined  by  stralitiod  nucleated 
itquaititius  epitliehum  (Fin  O^.  Kl.aiid  it  in.  as  a 
rote,  struntiest  and  cunsists  of  the  largest 
number  of  layers  in  ngicmf.  wlicre  the  papilbe 
are  lonicm  A  dipliiwiina  i»  fouml  m  thv 
deeper  cells  of  the  surface  of  the  tongue. 

All  of  tlie  glands  of  the  mouth,  in- 
duding  the  salivary  glands,  are  divided, 
with  reference  to  their  secretion,  into 
three  grotips:  (i)  albumitious  or  serous 
glands,  whose  secretion  contains  albumin; 
(a)  mucous  gUinds,  whose  ropy  secretion 
contains  mucin,  together  with  some  albu- 
min; (3)  mixed  glattds.  whose  acini  secrete 
partly  albumin  and  partly  mucin,  as.  for 
example,  the  submaxillar}'  gland  in  man. 
For  a  descriptiun  ot  their  structure  refer* 
ence  may  be  mnde  to  page  158. 
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Numerous  mucous  Blands^tcrmcd  buccal. 
pnUtinc,  Ungual  or  molar  muciparous  elandtt.  in 
accotdance  with  the  region  in  which  iBey  occur 
— mm  present  in  the  tissue  ol  the  mucngiB,  their 
iKKlies  ui>|iearing  mjicn>»c<>|>ieally  as  tinv  white 
nodttlia,  They  ftipresetit  the  type  of  simple  branched  tubular  elands.  The  con- 
tmts  of  their  secretin];  cells  are  partly  mucus,  which  ii  es[>elled  at  the  time  of 
Laecretion.  The  excrcton-  duct,  lomtrd  of  cunnertiw  ami  elastic  tiwues.  with 
a  narrow  outlet,  is  lined  by  a  ungle  layer  of  cvUndrical  ciitlhelium  Unc  duel 
ofteii  receives  that  ol  a  neiK"1>onnx  k^*'"*-     ^^^  labial  glaitos  are  mixed  glands. 

The  umall  glaodfi  of  the  tonijuc  deserve  special  coiwiderntmn.  Two  roorph"- 
logically  and  pb^-5toloKicftl!y  di*linct  glands  can  be  (hstmpiished.  namely  (1; 
m-eoiti  g/iinif-i  (E  II.  Weber's  f^nds).  vituatcd  especially  near  the  root  of  th< 
tonj^e;  compound  alveolar  gbinda,  with  bnglit,  inifL>.purent.  «e«-Tetino  celK  atii 
murni  nuclei,  and  a  rather  thick  tnemhnina  propria:  and  (at  i^r.iut  iNandt  fvn' 
Bboer'e  Blandt).  situated  about  the  circumvuMMMJUii  r'it) 

In  animus),  and  ronrntinK  of  convoluted  aq^^^^^^Bt  '^ 

small,  narrow  cells,  tilled  with  ilropkU^jd^^^^^Ptei.u.h- 

yielding  an  sllniminous  secretion       Halfi^^^^^^^^^  "•"  »01«t«!lb 

secretory  ducts  arc  found,     (j)  The  Blfl^^V 
lonK^ie.  consist  of  glandular  lobules  sccr 
mixc<l  glands.      Delicate  varicfM^e  nerv* 


lympli-cavilies.  and  beyond  these  the  blood -capillaries  run  in  a  net-like 
meshwork.     The  lymph- v-c5sels  leave  the  gland  at  the  htlum. 

The  secreting  cells  are  of  varying  structure,  accoidingly  as  the  sali- 
vary gland  secretes  mucas  (sublingual  gland  in  man.  submaxillary  gland 
in  the  dog)  or  albumin  (parotid  gland  in  man),  or  is  a  mixed  gland 
(submaxillar}-  gland  in  human  beings). 

Two  kinds  of  cellular  elements  are  found  in  the  acini  of  the  8Ub- 
maxillup.-  gland  of  the  dog  and  tlic  sublingual  gland  of  human  beings: 
(i)  The  so-called  mucous  cells  (Fig,  94.  B.  c),  which  bound  the  secretory 
cavity.  They  possess  a  membrane  and  are  filled  with  a  flattened 
nucleus  turned  toward  the  acinus-wall.  Cfntrosumcs  arc  difficult  to 
recognize.     The  cell-botly  is  abundantly  impregnated  with  mucin,  winch 

gives  it  a  bright,  highly  refractive  ap- 
pearance. On  account  of  their  mucous 
contents  the  cell-bodies  hardly  stain 
mth  carmine  at  all,  white  the  nucleus 
take:!  up  the  stain.  A  process  given  off 
by  the  cell  applies  itself  in  a  curved 
manner  to  the  inner  wall  of  the  acinus. 
The  true  protoplasm  of  the  cell  is 
drawn  out  in  a  thread-like  network 
from  the  nucleus  through  the  mucin- 
mass.  (a)  The  other  variety  of  cellular 
elements  form  crescent-shaped  complex 
bodies  (Fig.  04.  n.  'i) — Gianuzii's  cres- 
cents. Heidenhain's  composite  marginal 
cells — that  lie  in  direct  contact  with  the 
wall  of  the  acinus.  Kach  crescent  con- 
sists of  a  number  of  small,  closely 
packed,  angular  cells,  with  albuminous 
contentit  and  nuclei  and  separated  with 
difficulty.  They  are  granular,  darker, 
without  mucous  contents,  easily  impreg- 
nated by  stains,  and  exhibit  secreting 
spaces  between  the  cells. 

The  parotid  gland  (Pig.  95).  secret- 
ing albumin  in  man  and  in  mammals, 
contains  but  one  kind  of  secretory  cells, 
namely,  cubical  cells,  with  s  coarse-meshed  protoplasm,  staining  little 
with  pigments,  without  a  membrane,  with  serrated,  readily  stained. 
centrally  situated,  highly  refractive  nuclei,  without  nucleoli,  with  secre- 
tory  duct-s  between  tliem.  The  smaller  cells  of  the  saUvar%-  tubules 
bear  a  diplosoma  near  their  free  surface.  The  salivar>'  glands  of 
animals  that  secrete  saliva  free  from  mucus  present  similar' features. 

Hy  mrana  of  line  ducts,  the  ^o-called  imcrcrthirj"  piTCcs.  Ih«  tcrminnl  portion* 
o(  the  glands  comtniintcati>  with  the  thicker  iwliviiry  mbulc«.  Th«  cella  of  thi-s« 
tubules,  whieli.  xa  their  outer  portions,  AjiptAr  tibr'ill.'klc-vl,  and  at  lime*  conuiti 
yvllow  granulvii  (Fig.  94.  Ki.  Wat  a  dipIoaoroA  ncAr  the  «itriac«.  Tlt«M  rabv^ry 
tubules  emptyinto  the  exereior>-  dtiru.  It  i»  not  itnpmbahl*  th.T  "v-  HJffnvni 
portiunR  (>[  the  gland  alxo  lte^n!te  difTrrrnt  ccmsiitueaiE  nf  Uie  <a1i 


SMin/T  nUfHl  1.  ocmnty  (tiHi.  r.  i. 
taitnrr  tuWci;  k  Uatraitry  portiiui: 
c,  c  tccminaJ  lurtMw.  P.  wrmtMl  par- 
(iau  of  tb*  iMreibt  glanil.  MUt  ImirH. 
luUr  anniurT  duett  (*>i>!nc«t  UKkt, 
puriOf  T/nt  una  lb*  rxarutj  dan  lit 
et  the  inicRAluy  |iertka  (a),  r.  |atuiiJ 
ten  at  rail  I,  IM  mmt  cdl  alio  mcr- 
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THE  SECRETORY  ACTIVITY  OF  THE  SALIVARY  GLAWDS. 

It  the  submaxillar)'  gland  of  a  dog  is  exciLeJ  to  activi:  secretion  by 
stimulation  of  its  nerves,  the  mucous  cells  are  after  a  while  no  longer  seen, 
but  m  their  stead  only  smaller  protoplasmic  cells,  devoid  of  mucus,  within 
the  acini.  The  mucous  cclK  have  <iischarged  their  mucus  into  the  secre- 
tion of  the  gland,  while  their  shrunken,  d ark-gran ulur  protoplasmic  cell- 
bodies  remain  (Fig,  94,  C).  These  are  capable,  after  a  certain  jwrioJ 
of  real,  of  producing  new  mucus. 

Ill  r\-gar<l  !■>  the  cin'sc«.'in»  Stolii  l«lii-vcs  that  they  are  produced  mvchunically 
by  inc<|uality  in  the  seerclury  phusi-s  in  ndjacent  acinus-celb.  The  cells  reduced 
in  SIM  after  having  disclinrgi-d  tht'ir  mucu*  stre  pwsceri  to  tlie  wall  bv  ol[n>r  cpIIb 
filled  with  mucus  and  thrn-forr  nrneh  swollen,  and  thus  the  fiaitcmefl  cflmpo*ite 
tnitrginnl  cells  are  furtned  Rfceiitly  R.  KruuKe  nod  others,  dirtoring  from  this, 
state  that  the  comii'iKite  mnrginnl  cvlU  secrete  only  Brrum  and  haw  no  relation 
M'ilh  the  niufoiis  cells 

In  the  parotid  gland  of  the  rahbit.  after  secretion  induced  by  stimula- 
tion of  the  synipaihelic  nerve,  the  gland-cells  assume  a  mt>re  shrunken 
appearance,  and  their  contents  become  more  granular  and  more  readily 
stained.     The  nuclei  appear  rounder  and  exhibit  a  nucleolus  (Fig.  95}. 

Ranvier  obsi-rvcd  m  the  w-crv-tion  of  the  nniuin inou»  glands  («ubina^llury 
gland  in  the  rat)  thut,  after  stimulation,  many  motile  vacuoles  were  formed  in  the 
g^otid-cclls.  The-  water  of  tb«  fie^retion  is  formed  in  the  vacuoles,  and  in  its 
exeretion,  carnos  with  it  the  soluhU-  f<,Tment  uf  the  cells.  A  sitnilar  phenomenon 
ocean  within  mucous  cells  and  al&o  in  ^oblct-cclls.  Morphological  changes  occur 
al&D  in  the  cells  of  the  salt  viiry  tubules. 


THE  NERVES  OF  THE  SALIVARY  GLANDS. 

All  the  salivary  Klitiidn  derive  their  llLI^■■.  au!)j>ly  from  two  soiircvs,  nnniely 
from  tlw:  sympBlhetic  nerve  stntl  irum  a  tr;ii-.iiil  nerve.  The  nervc-tibcrs,  chiefly 
medulUteu,  in  part  filsn  n<rti-mrdullalcd.  pa<s  in  at  the  hilum  and  form  a  plexus 
rich  in  gnnglion-eells  bet^ve«n  the  lohulea  of  the  gland. 

The  s}'m]>iLthL'tic  ri«i^e  send*  liranches  (a)  to  the  ftutmutxillarv  and  uublinnial 
glondd,  derived  from  the  plexus  surriHimlintf  thi-  rxl.cmal  maxllhiry  Rrtcr\'  (Fig. 
»4j):  (li)  lilamentspassto  the  parotid  gland  from  ihc  sympathetic  plexus,  which, 
piercing  the  parotid,  surrounds  the  external  carutul  artery, 

Oi  the  cranial  nerves,  (al  the  mliTnaxillnry  and  Miblin^iial  glands  arc  supplied 
by  ntanientH  from  tlic  chorda  tympani  branch  of  the  facial  ncrii-c.  (b|  To  the 
oarolid  Kinnd  lilicrs  pusit  (mni  the  gliKWu-tiliarvriKt-'al  nerve  in  the  dog.  especially 
mim  it,^  tympanic  branch,  which  H:ndti  fiber?  tliruuKh  the  tympanic  plexus  to  the 
lesser  auperlicial  pelr<>6al  ni^rvc  Together  with  thi-  latti-r  the  formrr  [>ass  down- 
ward over  the  nnterior  surface  of  the  petrous  portion  of  the  temporal  bone,  llieo 
through  the  sphenoidal  fi.tswr*  to  the  otie  ganjclion.  With  the  latter  they  eon- 
ttnuo  through  communicating  braiirlies  to  the  .ittriculo- temporal  nerve  (from  the 
third  diviMum  of  i.h<?  irigi.'iiiinal  nerve),  which,  covered  by  the  parotid  gland,  on 
it»  wav  tn  thi-  irmiilf,  sends  ihe  t\\>vxs  to  the  ijland. 

The  siibnia-xillary  gant;lion.  which  Bivns  o(T  fibers  to  the  *ubmAxtllary  and 
subtinKual  glaiidi.  derives  iu  rooia  from  the  tympanico-lingual  plexus,  as  well  as 
froin  the  ayraiKithctin  plexus  about  tlie  oxtcmal  maxillary  artery. 

With  rtRurd  to  the  tcnninal  distribution  of  the  nerves  to  the  »ali\-ary  inlands, 

I  varictic-  .iri-  '.<>  In-  distinguished:  (i)  the  vasomotor  nerves,  which  f;iv« branches 

flhe  muscidoi-  ,«;ill-  -f  iho  blo'>ii-v<'»acls.  and  (»>  the  true  glandular  nerves 

According  to  Arn^U'in  the  l.itler  form  a  surrounding  network  outside  of  the 

ibuleii,     V'rom  this  plexxis  Ime  tilanieiits  piercL-  the  niembrana  propria  and 

on  Tin-  ■,iiifaee  of  the  secreting  cells  with  a  peculiar  end-apparatus: 

~ii  '  -  [Hnau-Esing  tiny  bulbs  or  mulberry -shaped  masses.     The 

T  the  sebaceous,  swloriferoiis,  and  mammary  glands  and 
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THE   INFLUENCE   OF  THE  NERVOUS  SYSTEM    OH  THE 
SECRETION  OF  SALIVA. 

The  Submaxillarj'  Gland. — Stiiiiulatton  of  the  facial  nerve  at  its 
root  causes  profuse  secretion  of  limpid  saliva  deficient  in  the  specific 
constituents.  At  the  same  tiine  the  yood-vesselsof  the  gland  undergo, 
dilatation.  The  cnpillnries,  in  the  presence  ot  increased  blood-pressure 
in  them,  undergo  such  a  degree  of  dilatation  that  the  pulsating  move- 
ment of  the  arteries  is  transmitted  into  the  veins.  More  than  four 
times  as  muoh  blood  flows  back  from  the  vein,  which,  besides,  appears 
almost  brJKht  red  in  color  and  contains  more  than  one-third  as  much 
oxygen  as  the  venous  blood  of  the  unstimulated  gland.  In  spite  of  the 
relatively  large  amount  of  oxygen  in  venous  blood,  the  secreting  gland 
consumes  absolutely  nlore  oxygen  than  the  inactive  gland. 

The  facial  ner\'e  contains  two  sets  of  functionally  different  fibers: 
(i)  true  secretory  nerves  and  (»)  vasodilatator  nerves.  It  is  not  per- 
miss.ible  to  regand  the  phenomenon  of  secretion  as  a  simple  result  of 
increased  circulatory  activity. 

Stimulation  of  the  sympathetic  nerve  causes  the  scanty  secretion  of 
a  viscid,  gelatinous,  ropy  saliva,  containing  the  specific  constituents, 
particulariy  mucus  and  the  salivan,-  corpuscles,  in  abundance,  and  having 
a  specific  gravity  of  from  1007  to  1010,  At  the  same  time,  with  de- 
crease ill  the  blood- pressure,  the  blood-vessels  of  the  gland  undergo 
contraction,  so  that  the  small  amount  of  blood  escapes  from  the  veins 
■with  a  darlc-bluc  color. 

The  syuioHttictic  nerve  likewise  conTsins  two  scis  of  fimciionally  diflercDt 
nerve- li bcrs ,  [i)  true  sccrtiory  fibers  nnd  (t)  vasoconstrictor  nerves.  Coaiinued 
Rtimulation  of  ilic  chorda  tyiupaiii  and  the  sympatliciic  n*r\c  alwrs  the  secreiiona, 
maldii);  thctn  moTc  sourly  xUke.  aii<J  tltun  tvacties  thitt.  esMttliuliv.  ttic  saliva  pro- 
duced by  stimulation  of  the  chorda  tympani  nnd  that  producer!  by  stimulation  of 
llic  symjialticlic  nerve  dtiTpr  not  speeilieftlly,  hut  only  in  Aegnx.  Wilh  incivawQg 
ncrvc-stimulation  the  secretion  increases,  .ind  with  it  the  amount  of  contjuoed  fuilt«. 
■|'he  organic  coiistituent*  deiiend.  in  addition  to  the  intensity  ol  the  Rttmula- 
tion,  upon  the  condition  of  the  gland,  whether  at  rest  or  cxhauEted.  The 
coiutitutioo  of  th«  blood  and  the  circulatory  conditions  in  the  gland  likewiec 
inCiicnce  the  coinpoaition  ot  the  saJiva. 

That  the  secretion  of  llie  i^aiidx  cannot  be  considered  as  a  simple  filtratioo 
as  the  result  of  ch&nges  in  blood -pressure,  but  thai  it  occurs  as  an  independent 
function  in  coiijuneiton  with  cliantfcs  in  tha  blood-vesacU,  will  appear  from  the 
followine  consideriitions; 

I.  'ilic  MCfclor^-  activity  of  the  gland,  on  stimulation  of  the  nerves,  cuntinoes 
for  joro*  time  even  after  all  blood-vesMis  have  been  Hgatcd. 

a.  AtTopin  and  daturin  destroy  the  aetivity  of  the  seereting  fihen  in  the  chorda 
tympani,  but  not  that  of  the  vasodilator  fi1>ers. 

3.  The  pressure  in  the  excretory  ducts  of  the  salivaiy  glands,  which  e»n  be 
meaiured  by  means  of  a  manometer  tied  in  Die  duct,  rnny  Iw  almo«(t  twice  as 
^rcat  as  that  in  the  arteries  of  the  gtand.  having  reached  about  340  mm.  of  mercury 
in  tlie  excretory  duct  of  the  submaxillary  gland  With  increase  in  the  pmaure 
the  amount  of  auliva  dimiiiiahea.  as  docs  Htevt-isc  the  umount  of  work  performed 
by  the  jRlond. 

4.  The  salivarv  glands,  in  the  same  way  aa  nervc«  and  muscles,  aUo  fatigx>e, 
especially  after  injection  of  acids  or  alkalies  into  the  excretory  duct.  This  mdi- 
cat«ji  that  the  secretory  structure  is  independent  of  the  eirculattnn  and  under  the 
infiuencc  o(  the  ncr\'es, 

5.  That  in  the  secretion  of  saliva  the  cellular  activity  of  the  ffjands  aJao  is 
evident,  isi  sliown  by  the  rejiearches  of  Zerner,  who.  iifier  uttpiv 
indiRo-carmine.  found  this  mh«tance  within  the  mucoun  cell* 

It  must,  therefore,  be  inferred  that  the  nerves  exert  t 
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secreting  colls  o(  the  glnnds.  independent  of  any  tncdUtian  oa  the  part  of  tlic 
bloo<l-v««seU.  As  the  duvcl  iinatoinicjtl  connection  btttwoeo  the  nerve-fibers  and 
the  secKtinj;  ceils  nppeors  proved,  so,  also,  is  the  physiological  coonectioa  to  be 
accepted . 

t>urtng  the  proces  of  secretion  the  temperature  of  the  Bubmaxillary  gland 
rtsei  about  1.5"  C.  The  jland,  as  well  as  the  venous  blmd  leaving  it,  it  not  rarely 
warmer  than  the  artrrial  blood.  Between  the  irritation  of  the  nerve  and  th* 
bcginnin?  of  secretion,  from  i  .3  to  n  seconds  elapse. 

ParalyUc  Sfirilion  uf  5iii'i*i(i. — By  this  term  i»  undcnUood  the  persistent  secre- 
tion of  limpid  sjilivn  from  the  submaxillaiy  gland,  which  sets  in  twenty-four  hour« 
after  division  of  the  cerebral  nerves,  whether  the  iympiitheiic  nerve  is  also  injured 
or  is  preserved.  It  incrcoM-s  fur  perhaps  ci};ht  day^.  then,  with  degeneration  of 
the  eland,  it  decreases.  Tlic  injection  oi  small  amounts  of  curare  into  the  artery 
of  the  gland  also  produces  the  condition,  which  i»  prevented  hy  apnea,  while 
dyspnea  favors  it.  After  a  unilateral  lesion  both  Kiaoda  aro  said  to  lake  part 
in  the  secretion.  According  to  Lancley,  aftt'r  division  of  the  chorda  lympani,  its 
central  end  aciguiTes  increased  irritaljility.  This  exerts  a  centripetal  eflect  upon 
the  salivary  center  on  both  sides.  Al  the  sanie  lime,  soon  after  the  division,  a 
ganglionic  local  secreting  center,  siiuatcd  in  the  K'ancl  of  the  itame  side,  also  is 
stimulated,  so  that,  if  all  of  the  nerre-libcrs  passing  to  the  stand  arc  later  sepamted. 
the  salivary  secretion  from  ilic  gland  still  cimtinucs. 

The  Sublingual  Gland. — Probably  the  conditions  existing  here  en- 
tirely resemble  those  found  in  the  stibmaxillary  gland. 

i'he  Parotid  Gland. — Stimulation  of  the  sympathetic  nerve  alone 
does  not  cause  the  secretion  of  saliva  in  the  parotid  in  the  dog.  This 
occurs  only  when  the  branch  from  the  glosso-pharyngeal  ncrvc  to  the 
parotid,  which  is  accessible  in  the  tympanic  plexus  within  the  tympanic 
cavity,  is  also  stimulaMid  at  tlie  same  time.  Then  a  viscid  saliva,  rich 
in  Organic  elements,  is  poured  out.  Stimulation  of  the  cerebral  branch 
alone  produces  a  clear,  watery  saliva,  with  few  organic  constituents, 
but  containing  salivar)'  salts. 

According  to  Laiigley,  the  sympathetic  nerve  also  contains  independent  secre- 
tory fibers,  which  can  be  demon  si  rated  only  by  stimulation  soon  .ifler  the  termi- 
nation of  the  irritation  of  the  tympanic  nerve.  .After  dcsiruclion  of  the  t>tn- 
panic  plexiu,  the  parotid  Kland  atrophies.  Stimulation  u(  the  KluiuiO'{>huryngcal 
nerve  in  the  ral-bit  causes  secretion  also  in  the  gtfmds  of  the  tongue,  with  redness 
of  the  foliate  papill.T 

In  the  intact  body  excitation  of  the  nerves  catwing  secretion  of  saliva 
occurs  through  reflex  influences,  a  watery  (cerebral)  saliva  being  secreted 
under  nonnul  conditions.  The  nerve-fibers  conveying  the  impulse  cen- 
tripetally  are:  (i)  the  gustatory  nerves;  (3)  the  sensory  fibers  of  the 
trigeminal  and  glosso-phar.'ngenl  nerves  of  the  entire  buccal  cavity. 
These  seem  also  to  catise  the  secretion  of  saliva  by  mechanical  irritation 
through  the  movements  of  mastication.  Pfluger  found  that,  on  the 
side  upon  which  mastication  took  place,  one-third  more  saliva  was 
secretai.  CI.  Bernard  observed  the  secretion  to  cease  in  horses  while 
drinking.  (3)  The  olfacton,'  nerves,  excited  by  certain  exhalations. 
(4)  The  gastric  branches  of  the  preumogastric  ncr\'c,  especially  in  asso- 
ciation with  siranjjling  movements.  (5)  Even  the  irritation  of  distant 
sensory-  nerves,  such  as  those  of  the  conjunctiva,  by  the  application  of 
irritating  fluids  in  camivora. 


■^hftr. 


•timnlaiion  of  the  central  extremity  of  the  divided  sciatic  nerve  causes 

o(  sal:%'n.     In  this  category  is  probably  to  be  included  also  the  »aliva- 

■*  "bst-rved  in  jirtg^ant  women.     By  irritation  of  disiajit  sensory 

'  rfflcxly;   when  nearb)-  nerves  arc  irritated,  the 

I  ly  excited. 
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The  reflex  center  for  the  secretion  of  saliva  is  situated  in  the  medulla 
oblongata,  at  the  origin  of  the  seventh  and  ninth  crntiial  nerves.  The 
center  for  the  sympathetic  fibers  also  is  situated  here.  If  the  center 
is  directly  irritated  mechanically,  as  by  pricking,  salivation  occurs; 
suffocation  has  the  same  effect.  This  refl'e\  may  be  inhibiteii  by  irrita- 
tion of  certain  sensory  nerves,  as  by  drawing  forward  loops  of  intestines. 

The  reflex  center  is  in  direct  communication  with  the  cerebral  hetni- 
sphcres,  as  is  evident  from  the  fact  that,  with  the  thought  of  savory 
substances,  especially  dunng  the  state  of  hunger,  watery  salivation  takes 
place.  Irritation  of  the  cerebral  cortex,  in  the  region  nl  the  cruciate 
sulcus  (Fig.  2$H)  also  raus^efi  a  flow  of  saliva  in  the  *iog,.  Also  central 
disease  in  human  beings  may  induce  abnomialittes  in  the  secretion  of 
saliva  through  their  influence  upon  the  intracranial  center. 

As  long  as  all  nerve-irritation  is  suppressed,  no  secretion  of  saliva 
takes  place,  as,  for  instance,  during  sleep.  Secretion  likewise  ceases 
immediately  after  division  of  all  of  the  glandular  nerves. 

Intlammaiicns  of  llie  buccal  cavitj'.  iic'ura1};ia  involving  the  nervps  of  ihc 
mouth,  irruptiiin  ul  tht-  tn<?lh.  iik'trrs  of  Ilii*  mticntu  itiL'tnliraiit.-.  t[H>nt;v  CDtitlittons 
of  the  Rums  (as  from  tho  long-contitiucd  usr  uf  nnTciir\-)  ofim  indiK-c  active 
Bccrction  of  saliva  (salivaiiun,  piyalfsmt.  which  ran'ly  ii-  uniluicral. 

Thc  {laruiid  i,'litiiil  in  thir  Klict-p  (niminimO  tctrciirs  cuntinmilly.  Division  of 
all  of  the  Blfcrrni  ncrs'cs  docs  not  aflcct  this  K-crclion.  Perhaps  this  gland  con- 
tarns  a  center  tbnnigh  wliidi  sccrt-tioii  ia  excited. 

Ccrtttin  poisonii  ulvj  cuukc  italiVBtion  by  dirt-ct  nerve- irritation,  «gp«cta1ly  pilo- 
carpin.  Sum«,  particularly  Htmpin.  paralvx«  the  cerebral  sftlivary  nerves,  and 
thus  causs  aceesntion  of  secretion.  Adminii^ration  of  muacsrin  under  these  con- 
ditions causes  rcsuniptit^n  of  the  secretion  IMocarptn  acts  by  irritation  of  the 
chorda  tympant  Administriniun  of  atrupin  tlunng  ihe  resulting  Kalivaiion 
causes  this  to  cea&e.  ConvcrKety.  in  the  condition  of  abolished  secretion  of  saliva 
(ollowiiiK  the  ailminisiTiitiun  of  atnig^in,  pilocarpiii  ur  phymuttii^iii)  cauM»  a  re- 
sumption of  the  sccTctioa.     Curare  acts  as  a  sialogog  by  iiritatian  of  the  center. 


THE  SALIVA  FROM  THE  IHDIVIDTJAL  GLANDS. 

■elhod.~Fr<r  obtaining  the  isolated  saliva  fmm  thiMndividtial  f(lands  a  thin 
inlttal  tube  is  introduced  into  the  excrtlory  duet.  If  ma*ttcati>rj*mo\-cmentB  are 
Then  perfiirmr^d.  or  if  a  jninjjcTH  MitvtaiKV  be  placed  upon  the  tongue,  the  uUiva 
will  Hdw  from  the  tut*,  tirup  by  drop. 

Parotid  saliva  is  not  ropy,  dropping  readily,  of  alkaline  reaction ,  vriih 
a  specific  gravity  of  from  1003  to  1006.  Ii  contains  6.84.  per  cent,  of 
total  solids,  of  which  3.40  per  cent,  are  inorganic.  On  .=ttanding  it  be- 
comes cinudy  and  precipitates,  together  with  some  globulin,  calcium 
carbonate,  which  is  dissolved  in  fresh  saliva  as  bicarbonate. 

Through  the  precipitation  nf  calcium,  salivary  calculi  may  be  formed  in  tho 
excretory  duct^;  dental  calculi  likewise  may  form,  cnclottinx  Icptotlma- threads 
and  bacteri.i. 

Of  the  organic  constituents  of  parotid  saliva  the  most  iin[>ortant  is 
ptyalin;  mucin  is  absent.  Saliva  contain."!,  further,  small  amounts  of  ft 
globulin-like  body,  alkati-albuminatc  and  albumin,  together  with  some 
urea,  traces  of  volatile  acid,  and  it  appear;  never  to  be  free  from  potas- 
sium or  sodium  sulphocyanid.  which  is  wanting  in  some  animals. 

This  Biitisunce  is  recogntri-il,  after  aci<!iilatin|i  the  saliva  dightly  with  hydriv 
chloric  acid,  by  adding  a  srtlution  of  ferric  chlorid.  when,  vith  the  formation  of 
ferric  sulphocyanid  a  dark  red  cokir  result^.     Potassium  sutphocyamd   mltaccs 
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hydriodic  ndil  when  oddftd  to  utlivn,  n-tch  the  dev«)n4^nI«nt  of  &  velloir  color,  and 
tlic  formntion  of  iodin.  which  can  Ih"  rccogtiizerf  tiy  the  addition  uf  Kl^trcli. 
It  is  absent  when  (he  flow  of  bile  into  llie  intestine  is  prevented.  It  Is  fornird 
through  prutrid  mctiihclitm.  perhaps  from  thr  ctnitainttd  cyajiogwi.  As  {xitas&iuin 
sulphocyanid  is  toxic  for  plants  ^nd  micrcdrgatiisms.  it  inny  be  concluded  that 
it  act*,  within  ccrijiin  limit^i,  as  a  di»in(cctjiiii  (or  tlit:  buccal  cavity. 

The  inorKiinic  rlitnrnt!'  in  th>;  Kaliva  ari;  miiinly  piiiiu»ium  and  sodium  chlorids, 
with  calcium  bicarbonate,  and  calcium  and  sodiiun  Kulphatex,  phospliatcs,  uud 
chlorates. 

The  submaxillary  saliva  v%  alkaline,  sometimes  strongly  alkaline. 
On  standing  for  some  time  it  precipitates  fine  crystals  of  calciutn  cxt- 
Lonate.  togeilier  with  an  amorphous,  albtuiiinoid  substance.  It  always 
contatni)  mucin,  and  it  ts,  therefore,  as  a  rule  somewhat  ropy;  also 
ptyalin — ^Icss  than  in  the  parotid  secretion;  and  only  o.oojj  per  cent. 
potassium  sulphocyanid. 

In  thu  submoxillaiy  saliva  of  tJte  dog  there  were  founil  1-755  of  organic  matter, 
of  which  e.66)  was  mucin;  froni  1.604  to  yH)  of  inorganic  salts;  and  from  0.163 
to  1. 1»3  of  soluble  salt*. 

Pllufjer  inv«Ktif{:it;?<)  the  gnsM  of  the  siihmaxtllary  uoJivd  iind  found,  in  too 
ryi.  cm.  of  saliva,  o.t  of  oxygen.  64  ?of  carbon  rii'ixid.jtartlyremovabk*  by  exposure 
to  a  vacuum  and  in  part  capable  of  l>cing  expelled  by  phosphoric  acid:  and  0.8  of 
nitrogen;  nr  of  iputts  111  100  vohimi-.s  o.gi  of  (isyKvn.  97.88  of  carlKin  dioxid,  and 
1. 31  of  nitrogen.  Kah  found  in  human  parotid  saliva  as  much  as  t. 46  volumes 
l>cr  cent,  of  oxygen  and  3.3  of  nitrtixcn.  4.7  of  carboii  dioxid  removable  by 
auctiun,  and  61  of  combintil  carbon  dioxid. 

The  sublingual  saliva,  more  viscous  and  mope  coherent  than  the 
submaxillary  saliva,  is  strongly  alkaline  in  reaction.  It  contains  mtich 
mucin,  numerous  salivary  corjmscles  and  some  potassium  sulphocyanid : 
but  its  composition  ha$,  on  the  whole,  not  been  determined  accurately. 

THE  MIXED  SALIVA,  THE  SECRETION  OF  THE  MOUTH. 

The  buccal  fluid  is  a  mixture  of  the  secretions  of  the  salivarj'  glands 
and  the  small  glands  of  the  mouth. 

Physical  Propvuics. — It  is  an  opalescent,  tasteless  and  odorless, 
somewhtit  i-opy  fluid,  witli  a  specific  gravity  of  from  looa  to  1006.  and 
an  alkaline  reaction,  due  tu  alkaline  j)h»sphatcs. 

Between  midiiiKhl  and  mominj;  the  reaction  may  be  faintly  acid,  Tlw;  decom- 
position of  fpithi-luim.oif  e,■lhvnT^■  corpuscles  or  of  r^-mftinti  of  food  by  microbes  may 
also  cau.'K"  the  renction  lo  be  ac5d  lomfKirarily.  particularly  after  long  fasting  and 
after  niucli  lathing  In  the  pri^t-tn-e  of  iligi-siive  diAturhances  and  of  fever  the 
reactiitn  is  not  rawly  ;ic»l.  in  conserjumce  of  wtagnalion  and  tnsuflicient  secretion; 
iherefore.  also,  the  mouth  is  dr>'. 

The  amount  in  twenty-four  hours  is  between  300  and  1500  grams, 
according  to  Bidder  and  Sclimidt  between  1000  and  aooo  grams.  The 
total  solid.'i  in  the  secretion  amount  to  5.8  per  cent, 

Thesolids  arc:  2.3  of  epithelium  and  mucus.  1.4  of  ptyalin  and  albumin.  >.a 
of  salts  and  0.04  per  cent,  of  potaHsium  aulphocyfinid  in  looo  The  ash  contains 
eti|)i:ciiilly  pota».-<iuni.  phfi?phoni;  acid  und  chl<'rin. 

Micr<jicof>ieii/  CfH.i/idti'tf j.  —  {a)  The  salivarv  corpuscles,  from  8  to  1 1  u  jn  size, 
arc  nucleated,  protoplaemic,  spherical  cell*,  witdout  a  limiUni;  membrane.  Thejr 
exhibit  as  a  vital  phenomenon  K>-calk'd  molecular  moven«nti  on  the  part  o(  their 
nunu-rimc  dark  granuW.  whieh  arc  (?ml»w!d(?(l  in  the  protoplasm,  through  whost 
iittcmal,  flowing  movement  they  are  set  into  3  tremulous,  dancing  locomotion, 
which  ceases  mih  the  death  of  tlie  cclU.  Saliv.-iry  c<irpuscles  can  be  easily  brought 
into  view  by  ilieht  prexsure  uprm  the  excrvtory  ducts  benvath  the  tongue. 
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{b)  DM^uamatcd  squamous  epitfaclium  is  never  absent,  and  is  prcscat  in 
abundance  in  aaaociAtion  with  catarrh  of  the  buccal  cavity  (Fig.  9a.  S) . 

(£)  Living  organunu,  which  fjt>v  as  sapropbjtcc  upon  the  buccal  fluid  and 
remains  of  food,  at  times  in  cartons  t«rth.  consim  of  the  threads  of  the  leptolhrix 
buccalis  (Pig.  99.  la).  which  turn  blue,  as  a  rule,  on  addilirm  of  iodin.  and  multiply 
witli  monnous  rapidity.  L«ptoIhiix  vegetations  enter  the  dental  tubules  and 
cause  cjtnes  of  the  teeth.  TJie  zooclca-fortn  of  the  leotoihrix  appimrc  ax  a  cream- 
like,  yellowish,  smeary  deposit  cm  the  tccch.  Miller  tound  in  aU  healthy  human 
bein^,  in  addition  to  the  ordinary  leptothrix  buccalis,  another  variety,  the  Icpto- 
thrix  buccalia  nuixima,  iiiita  the  iodococcu«  vaK>nntus,  the  bacillus  biicculi.s  mAximus, 
the  apirillum  iputigvnum  and  the  spirocbicta  dcntium.  Further,  pathogenic 
bttctertB  may  be  preacnt.  oe,  (or  invtancc.  thoec  of  pneumonia,  of  diphtheria,  etc. 

Chetnicat  Properties. ^-{a)  Organic  constituents :  a  globulin-like  alhu- 
minous  substtincc,  mucin,  ptyalin;  fats  nnd  urea  are  present  only  in 
traces;  about  130  mg.  of  potassium  or  sodium  sulphocyanid  in  twenty- 
four  hours.  , 

{b)  Inorganic  constituects:  sodium  chlorid,  potassitun  chlorid,  potas- 
sitim  sulphate,  alkaline  and  earthy  phosphates  and  ferric  phosphate. 

According  to  Sch6nbem,  Mtlivn  contains  traces  of  nitrous  saHs.  which  arerecog- 
niiable  from  the  yellow  color  produced  by  mctadiamidobcnzol  in  saliva  diluted  hve 
tiroes  witli  water  alter  addition  of  a  few  drops  of  dilute  sulphuric  acid:  also  traces 
of  ammonia.  Fres)!  Mliva  in  said  to  contain  hydroj^i  dioxid.  which  oxidizes 
the  ammonia  to  nitnma  acid,  though  when  the  reaction  of  the  saliva  Is  acid 
nitric  acid  b  formed. 

Abncrmal  CitnitilM^HU  of  thi  Saliva. — In  cases  of  dialwtes  lactic  acid  has  been 
found  as  a  result  of  decomposition  of  the  sugar.  It  dissolves  the  calcium  of  the 
teeth  and  may  thus  give  rise  to  carie«.  as  in  cases  of  diabetes,  v.  Frcricha  found 
leuciEi,  and  an  increa»cd  amount  of  urea  and  albumin  were  ob»ervcd  in  coses  of 
nephritis,  and  uric  acid  in  cases  of  uremia.  Of  foreign  mbntnnces  that  are  admin- 
istered there  appesr  in  the  saliva  mercury,  potassium,  metallic  and  free  iodin  and 
bromin.  the  last  displacing  an  equivalent  amount  of  chlorin  from  the  salivary 
Chlorids.  1c;irl,  nior[)htn.  lithium,  and  sodium  chlorid. 

Of  the  salivary  glands  in  the  new-bom  infant  only  the  parotid  contmns  ptyalin. 
In  the  submaxillaiv  gland  and  in  the  pancreas  the  diasCatic  ferment  appears  to 
be  (ormcil  not  earlier  than  the  end  of  the  second  month  Therefore  the  nourish- 
ment of  infants  with  starches  is  not  advisable.  It  is  a  remarkable  fact  that  in 
new-born  infants  suficring  from  thrush  (due  to  otdium  albicans)  no  ptyalin  is 
demonittruble  in  the  sidiva.  For  the  infant  that  taken  milk  alone,  the  diastatic 
action  of  the  saliva  is  not  indispensably  necessary.  Therefore,  the  mucous  mem- 
branc  of  the  mowth  app^are  to  be  but  slightly  moistened  during  the  first  two 
months,  though  an  abundance  of  saliva  is  secT«ied  later  .  Also,  the  glands  ustially 
attain  a  considerable  sixe  only  after  the  lirst  half-year  of  life.  The  tmiptton  of 
the  lirst  teeth  causes  the  secretion  of  much  saliva  in  coRKqocncc  of  the  irritattoo 
of  the  buccal  mucous  membrane. 


PHYSIOLOGICAL  ACHOWS  OF  THE  SALIVA. 

The  most  important  action  of  the  saliva  '-       ,   '  "   ■! 
that  is,  the  conversion  of  starch  into  sugar 
to  the  ptyalin,  an  unionned,  hydrolytic  feri);< 
when  present  in  small  amounts,  causes  the  fci 
become  soluble,  with  absorption  of  heat,  ali 
undergoes  no  material  change.     Ptyalin  is  luti^ 
true  camivora. 


According  to  Dubrun/aut.  O'Sulhvan.j 
dextrin,  t)Oth  soluble  in  water,  are  fore 
tattc  ferment  of  the  saliva  (and  of  the  pa 


J>HYSIOt.OCICAL  ACTIONS  OP  THE   SAUVA. 
'o<CaH„CU  +  8(H,0>  -  S(CpH„0„)  ■(-  a<CpH«0„) 
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The  exact  courjc  of  evaita  is  as  follows:  At  first  with  hqucfaction  of  lite 
stim:h>|>!i:<te  Ainyludcxtrin  is  formeiL  This  i1<j04  not  reiluce  Pchliii)t'»»olution:  it  is 
colored  blue  by  icxJin  and  is  the  principal  constituent  uf  the  preparation  formerljr 
called  s<i>lublc  starch  or  unydulin.  It  is  tran^furiut^  into  three  molecules  of 
erythrodextrin,  which  reduces  Fehling's  sulutiuti  fv«hly.  and  is  colored  red  by 
todin.  The  erythrodextrin  it  irancfonned  into  three  molecules  of  achroddextnn, 
which  redtiees  I'chlings  noJutifMi,  hut  is  not  stainwl  bv  i^din,  p'rom  this  i*o- 
OMltOSe  and  maltose  arc  formed,  the  latter  b«ing  formed  from  the  former  by  the 
action  of  ptyahn.  Isomaltose  undergoes  ffnoL-nlation  with  greater  dilhciilty 
than  maltose.     Finally  al!  the  xi.in:h  is  chinned  into  maltoMi  and    dextrose 

^Vbcn  little  fenneni  is  present  xnd  Iheaclion  is  of  short  duration,  the  saliva  or 
the  pancreatic  juice  produces  isomallo*e  principally;  when  much  ferment  is  pres- 
ent and  the  action  is  of  longer  duration,  tlic  formation  of  maltose  tind  of  sonic 
dextrose  is  favored.  The  maltose  subsequently  mny  be  changed  in  the  intestine 
uito  dextrose,  but  the  greater  part  is  abiiorbcd  unchanged. 

Kirchof,  in  1811,  showed  that  dtxtiwe  is  formed  from  starch,  by  boiling 
irith  dilute  sulphuric  or  hydrofihlftrir.  acid. 

Di'ntotistraifin  of  Piyahn. — ^This  depends,  as  in  the  ease  of  all  hydrolytic  fer- 
menU,  upon  the  fact  that  a  voluminous  precipitate  formed  in  the  tnliva  exrries  the 
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Fio.  M.— Toiata  Sistdi. 


fermcrnt  down  with  it  mechanically,  and  fr''>m  it  the  latter  ts  then  isolated  by  sitnpis 
mear.i      Knr  this  piupcM  the  saliva  is  strongly  acidulated  with  phosphoric  iieid.  and 
'  added  until  the  reaction  is  rendered  alkalice.     As  a  revolt,  a  heavy 
!  ba»c  calcium  phos])t)atc  forms,  carrying  the  fity^iltn  down  with  it. 
itstc  b  coUccted  upon  a  tiltcr  and  the  ptyalin  is  dissolved  out  inih 
**lUtle  water.     .Mcohol  precipitates  the  ptyalin  in  this  watery  extract 
By  repeated  »iluLiun  in  water,  .ind  stilwequcnt  prccipiCattoa 
the  ptyalm  is  obtained  in  on  absolutely  pure  stnte. 
of  the  qlaads  first  ci>ntain  ptvalin   in  a  prclimmary  stage,  namely 
,1    '.ir.ce.  from  which  ptyalin  is  formed  only  during  secretion. 
L-.    ;.;<!«,  is  frte  from  ns-tx,  but  yields  no  xantnoproteic  reaction. 
[r.  m  solution  by  ncHlral  or  biwie  lead  acetate.     It  actively 
■<ten  dioxid. 
>tit   Hut  ptvalin  cotdd  Jj&miacted  with  glycerin  contaioiiu 
ary   glands  of  tjg/Ugj/^gg^ff  swine,  cleanied.  mhiced. 
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placed  in  strong  alcohol  and  then  dried.  After  standing  for  sc^-e^al  days,  the 
glycienn  is  jio«n-d  '.fl  and  in  it  ak*>ho]  is  adcl«d,  pr«<.i].itatinK  Iho  ptyalin.  This 
ts  collected  on  a  tiller  and  ih*n  ditetolvi,-d  in  wftter.  In  ordef  lo  free'il  from  any 
albuinin  Lh;)L  jn^y  Im  ndhcn-Tit  to  it.  thr  xi]tii-otu;  sdlutiuii  it  rAjudly  hcAted  ta 
60"  C.  with  the  result  that  ilic  atbumin  is  precipitated,  whik'  the  ptyalin  rctnaina 
unimpaired  m  stOmion  in  the  nitrate 

'I  her  riillowini!  ili;uik  nn-  wnrthy  t>{  con^denttiooi  with  respect  to  the  action 
uf  the  sAlivB  in  the  process  <>f  snccharilicatMn : 

(a)  The  process  of  sacchanticiitiunisn.-ci>jnii«<-'d:  {it  from  the  disappearance  of 
the  starch.  The  urlditUm  of  a  littk  ioilin  to  a  thin  Evolulitifi  of  .stan::!)  pruduces 
a  blue  color-  If,  now,  saliva  is  added  and  the  lii^uid  is  shaken,  the  blue  color 
quickly  disappears.  (»)  Directly  by  dL-moti»lratiu4t  of  the  (in.-stiice  of  4ugar 
by  appr<ipriate  te^t*. 

()>)  1'he  prcK^tsi  ptiTKUM  n  mast  favorable  cmirsc  at  a  temperature  betncen 
35"  C.  and  46'  C  :  it  iii  slower  in  tliceold:  st  s?"  C.  the  action  of  the  ferment  be- 
comes weaker,  and  al  75°  C.  it  is  desiroyed,  Ptyalin  is  distinguished  from 
diastaite,  that  i*  the  diaxiatic  fertnent  (urmed  in  i^nntTiatiUL;  };■»■"'  by  the 
fact  that  the  latter  exhibits  its  sacchanfying  action  tmW  at  a  tcmpcruturc  between 
60°  and  tnj'  C.     Ptyalin    also  breaks  up  stJicin  into  sali^enin  and  giapc-augar. 

(el  The  iitvjilin.  us  n  fcnnent.  renuunis  umrhantced  m  the  process  of  sac- 
chaiification.  Nevertheless,  when  once  employed,  il  will  not  possess  the  same 
activity  in  a  second  tsjivriinrnt. 

<J)  The  djiistiitic  :iclivity  i*  ^rratest  in  the  mominR  It  then  decline».  nsiil|[ 
again  tewArA  nnon  nnd  falling  once  more  toward  evening.  It  deebnec  also  after 
every  ingration  of  food, 

(«)  liw  action  of  the  saliva  is  most  intense  when  its  reaction  is  feoblv  acid, 
though  it  lake%  place  also  when  the  reaction  ix  alkaline  or  neutral.  iHv'alin 
causes  the  prmlucli'^  uf  suuar  in  the  acid  gastric  juice  of  human  Iving*  only 
when  the  acidilv  is  due  to  organic  acids,  such  as  lactic  or  butvric  acid,  but 
not  when  it  i»  due  to  free  hydrochloric  acid.  The  pn>duct:i)n  of  dextrin  occurs 
in  cither  cvunt.  In  the  former  case,  therefore.  Mccharili cation  may  be  con- 
tinued in  ihc  stomach.  althouKi)  the  ptyalin  is  destroyed  by  the  hydrochloric 
acid  or  diKC^ted  by  the  pepsin  The  fintcncf  of  jicptone  is  *aid  to  he  ncccMan" 
for  the  production  of  su^ar.  The  production  of  Imlvric  and  lactic  acids  in  consio- 
cfsbie  amount  may  rxirt  an  inhibitorj- effect  on  the  formation  of  sugar,  Neinral- 
tsation  of  these  acids,  however,  permits  the  process  to  begin  anew. 

if)  The  addition  i>(  wMlium  chlorid.  ammmiiuni  cliloml,  nr  sodium  sulphate 
(id  about  i  per  cwil.  solution)  increases  the  fermenlative  activity  of  ptyalin. 
aa  do  ^so  the  aedales  of  quinin.  stn-chnin.  and  morphin  ;  further,  curare  and 
o.(5as  per  cent   suliihuric  acid 

(g)   Much  alcohol  ontt  potii«.-(ium   hydnsxid  destroy  the  ptyalin;    exposure 
to  the  air  for  a  considerable  time  weakens  iti   sodium  carbonate  and  magnesium 
Sulphate  dcUy  ita  action;  while  salicylic  acid  inhibits  iMcchaririealion.  as  does  »!»• 
mueh  atropin. 

(A)  Ptyalin  sets  but  feeMv  and  frraduallv  on  unh/nled  starch  only  after 
the  lapse  of  i  or  3  hoiuB:  while  it  acts  rapidly  upon  starv-h  swiiUen  by'boilio^ 
(starch-paste). 

((■)  iTie  different  kinds  of  starch  are  transformed  with  varj-ing  rapidity  in 
accordance  with  the  quantilv  of  ccllulow  contained  in  each:  unboiled  potato* 
starch  (Fig,  t)6)  In  not  less  tnan  2  or  i  hours,  uulioilcd  com-slarch  wiihm  1  or 
3  mimilus;  whcut-ntarch  more  quickly  than  rice-slarch.  Wien  rultlicd  up  into 
powder  or  boiled,  all  starches  act  in  the  same  way. 

ik)  The  mixture  of  saliva  from  all  of  the  glands  is  more  cScetive  than  that 
from  any  one  Rlard  atone;  the  mucus  it  iniictive, 

Ptyalin   pro^hieei  free  hv-drop-n  Milphid  from  mdishea.  eaions.    garlic,  and 
the  like,  which  contain  mlphur     This  fact  explains  the  pre«mce  of  the  gas  named- 
in  the  intestines  after  the  ingestion  of  the  forejfotng  substances. 

The  saliva  takes  part  in  diKsolving  in  the  mouth  articke  of  ftxx:^ 

GolubLe  in  water. 

The  saliva  moistens  articles  of  food 
possible,  by  its  viycosity.  the  formr'.'i-n' 
deglutition  thnmgh  the  slijipcrincs*  .iit 
The  mucus  is  later  evacuated  v  ■ 
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"pr*isei»c«  of  pei)li'ni--pro(lHiiiij(  ([-mienU.  in  the  s.iliva  lins  Wen 
discovered,  but  ihi-y  arc  perhaps  miTcly  absorbed  from  thr  intcsluif  and  again 
excictcd  in  tlie  aaliva  (as  occuns  in  tlic  uhne). 


TESTS  FOR  SUGAR. 

Trotnmtt'i  Uft.  like  scvi-ml  (Ahtrs,  di^])r-nils  ui>:in  the  fact  ihat  sugiir  in  hit 
olkahrr  solution  acU  as  a  rediicin),'  AgiHii:  hvxv  n  metAlIic  oxtd  is  tnir>{fi>rTn<-d 
into  a  iuboxid-  To  one-half  as.  much  poia^ium-bvdraie  or  sodium -hydrate 
lolutiuii,  (if  a  !i|)ecilir  K'^^'i^V  "'  i-i5.  it  aiklrd  the  llnul  to  be  tested.  Thvu  a. 
weak  solution  of  cu]<ric  suJphatr  is  added  drop  by  drop  uiilil  the  bluish  precipitate 
that  uppcars  at  first  and  cunsists  of  cupric  oxid.  is  again  diiuolvt'd  by  agitation. 
If  su^tir  i.s  juvsent,  the  prrciiiilatv  .iKuin  fumis  a  dceii-blui*  .suliitioii  after 
afhtalipn.  If  heat  is  applied  t.-riiduiilly  nlmc^t  up  to  thv  Wiiintf-p^'int  n  yclIo>vish 
or  fvddiah  clwid  ii  funi}i-d  fr<'iii  abi^vc.  which  i»  finjillv  prccipitat'-d  as  lirownish- 
red  cuprous  oxid  or  as  ycUowiih-rtd  cupric  oxid:    jCuO  —  O   —  CUjO. 

fuprcius  oxyhydTBle  is  dissolved  alwi  hv  <ith«r  rirganic  fiulwtnnce^.  tlioutfli  only 
certain  su^^nn:— mnltuH-.  yraiM'-^uijar.  fruit-sugar  and  milk-KUKBr,  t>ut  ni»l  canr- 
BUgar— cause  final  reduction.  I- liiidsprcv-iously  turbid  must  be  (iTtercd and  possibly 
treated  with  baiuc  lead  acetate.  In  the  latter  event  the  excess  of  tcad  ts  precipi- 
tatrd  b>' Ttudium  phosphate:  then  lillratifm  is  praclist-d,  \Vh«m  ihr  amount  of 
sugar  is  exceedingly  small,  concentration  of  the  fluid  over  the  n-alcr-bath  may  be 
necessary.  Ifmiutl  amounts  of  Kujfar,  less  than  0.5  i>cr  cent,,  arc  pic&cnt,  tu- 
g*ther  with  ammonia,  uric  acid,  and  kre;itiiiin,  inrtvad  t>l  a  yellow  precipitate, 
mcycly  a  yElIon'  solution  cA  cuprou»  t,xid  may  result-  1'hc  addition  of  on  cxcciM 
of  cupric  eulphat*',  which  should  alw»ya  be  avoided,  causes  confusion  by  Chu 
precipitation  of  black  cuphc  oxid. 

Bottler's  Wit  if.  made  with  sn  nlknline  Kciluli<m  of  Insmtitli  oxid.  liettL  prrpare<l 
accordintt  to  Nylandcr  as  follows:  Bismuth  subnitrate  a  grams.  siidio.po(as<iium 
tartrate  4  grams,  and  sodium  hydrate  (s  per  cent.)  too  granis.  One  cu  cm  of 
tliis  mixture  is  .-iddrd  m  10  cti,  cm.  of  the  lluid  in  be  tested.  Upun  SoiliuK  for 
aevenil  minutes  the  sugar  present  causes  reduction  to  metallic  bismuth,  with  the 
formation  o(  a  black  prtripitale. 

.Uuvrf'j  and  tUIUr's  Uit:  Sufficient  solium  or  tx'ta^ium  hvdrate  i«  addc^ 
to  the  rtuid  togive  it  a  strongly  alUalinc  reaction.  On  Wiling,  a  yellowish,  brownish 
or  bnournisli- black  color  results  from  the  formation  i>(  humiM- substance*.  If, 
after  c<K>linR,  one  dn>p  of  con ci-r  t rated  sulphuric  acid  ii  added,  the  odor  of  burnt 
sugar  (caramon  and  formic  acid  di--VL-lii^»; . 

Huiiirr's  and  .WnKjiirr"*  ii-fi:  If  a  solution  of  indigo-carmin.  made  alkaline 
by  sodium  carbonate.  ia  addi^d  lo  a  fluid  containing  sugar  until  a  pale-blue  color 
■S  produced,  and  hcHt  tx  applied,  the  color  becomes  ftucccvtively  green,  purple, 
rej  and  yellow.  Agitated  with  atmospheric  nir  the  fluid  again  acquires  the 
blue  colur. 

XfijitKh's  itsU:  To  \  cu.  cm."f  Uie  fluid  to  be  tested,  2  drops  of  a  17  yet  call, 
alcoholic  solution  of  «-naphthol  or  of  1%  solution  of  thymol  arc  added;  with  dilute 
solutions  nf  suspar  a  small  qitanlity  of  solid  a-naphthol  may  be  used  insteo/l  of 
the  solution.  Then  1  or  1  cu.  crn  of  concentrated  BuIpHuhe  acid  are  added 
and  the  fluid  is  rapidly  ahalcro.  In  the  presence  of  sugar  tlie  n-naphthol  tnix- 
turc  bccomi-s  deep  violet  in  color,  the  ihymnl-wilution  dwp  red.  Sulwei; m-m. 
dilution  with  water  causes  a  prrcipilatr  of  the  same  color,  which  is  insoluble 
™  *<*ncenlratcd  hvdrocliloric  acid.  Albumin,  casein  and  peptone  also  viL-ld 
this  reaction,  but  the  preciiiitatc  a|jj)cnrin>:  uijim  the  .tdditlon  ul  water  i*  soluble 
m  cr^i-ntrntcd  hydrochlonc  acid. 

Fhtnyihydrattn  t.'fi:   To  7  cu.  cm.  of  the  fluid  io  a  test-tube  a  small  amount 

Traain  chlorid  (o.»)  and  also  of  sodium  acetate  (o  3)  &re  added      Heat 

'  'il  solution  take«  place,  water  Ixing  added  if  nece«*ary.     The  tubci* 

"  '■  .Iter  (or  nn  hour.      The  cflitt-nts  nn-  then  pmireu  into  a  conical 

I  yiW  <if  which  chnrBcl eristic  yellow,  microscopical  tufts  of  fine, 

.  1  lenytglucoiLazone  are  found,  which  are  almost  msotuble  in  svater; 

™-    prciduceit  an  analoKous  sulMrtance.  phenyirruatosaione,  which  w 

hot  -W-aicr 

"?■  ^'^  ^o  ^^  tested  for  sugar,  anv  albumin  present  should  first  be 

^M     the  urine  by   boiling,  after  slight  acidulation   with   acelic  acid, 
'*"*•  '*y  themcthod  described  on  page  73 ;  the  alcohol  is  driv<-n  off  by 
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QUANTITATIVE   ESTIMATION  OF  SUGAR. 

By  Ftrmentalivn.  (An  illiiHtruLion  of  yvaal  t»  kivuii  in  Fie.  i40-)  For  tliis 
purpoM  ilic  apparntus  illustrated  m  Fie-  97  it  employed.  lu  the  s'>»s  t)»>k 
a  ta  iiMMuffd  a  quantity  (a^,  tot  rxampTc.  ao  cu.  cm.)  of  ttuid  containing  sujnr. 
K.  wliich  y«ast  is  add«d  The  flaak  b  cantains  concentrated  sulphuric  acid,  Thft 
entire  apparatutt  is  weighed  immediaieiy  after  being  HUed.  At  ordinary  leni' 
p«Tatur«  (between  10*  nntl  40"  C),  mOBl  cnvrgetically  ut  15*  C.  the  Kugar  hrenks 
up  into  3  molcctiles  of  alcohol  and  >  molecules  of  carbon  dioxid  : 


CH„0.  -  »(C,H,0)    +       ifCOJ 
Sujtu      1  )  Alcohol        -t-  *  Cwioa  diamd 


Flo,  or'~AM«nuu  be  the  Quutltailn 


In  addicion  some  glycerin  and  succinic  acid  are  formecl.  lite  carbon  dioxid 
escapi-s  throutih  theflaafc  b.and  returns  to  the-  stilphiir.c»adany  water  that  it  may 
have  taken  with  it.  If  the  decompositi'jn  is  cc^cludrd  in  the  course  of  about  tn-o 
days,  iIms  apparatus  JS  again  weighed.  From  the  loss  in  weight  the  amount  of  sugar 
that  was  contained  in  the  to  cu.  tin.  of  fluid  It  vMirnatcd.  in  accordance  nith  the 
fact  that  100  parts  by  weight  of  m$;ur  free  from  water  an-  equal  to  48. S9  parts  of 
carbon  dioxid,  or  that  too  parts  of  carbon  dioxid  by  weight  correspond  to  104. J4 
parta  of  suf^ar. 

By  TtiraiiiSH.  mth  Febling's  alkaline  cupric-oxid  solution  based  on  Tromnwr'ii 
tvst.  The  deep-blue  titration -lluid,  compowd  of  cuprte  sulphate,  potauium  ace* 
tate.  sodium  hyiJraie  and  water,  is  so  prepared  that  all  of  the  cupric  oxid  in  to 
cu.  cm.  of  the  aohilion  will  be  reduced  to  yclIowish-red  cuprous  oxid  by  juet  0.05 
gram  of  grape-sugar  For  cxam^ik,  a.t  in  dclcnnining  the  amount  of  itugar  Id 
urine,  10  cu.  cm.  of  Fi-hling's.Hri]utinn  arc  placed  in  a  porcelain  diiih.and  gmaually 

diluted   with    40    cu.   cm.    o(   water   and  beat 

^.^  fc  — ^      iipplicd   almost  up  to  the  botltng-point.      Tbe 

urine,  previously  diluted  to  from  to  to  ta 
limts  its  volume,  i«  dropped  from  a  burette  into 
the  hot  titration -solution,  and  stirred  tintil 
every  trace  of  blue  color  has  disappeared  or  until 
one  drop  of  the  fluid  no  longer  prodnces  a  red 
color  on  blotting-paprr  saturated  with  acetic 
acid  and  potassium  terrocyanid  The  amount 
iif  urine  needed  is  iiuw  read  from  the  ncale  of  the 
burette,  makinr  allowance  for  the  dilution,  and 
it  will  then  1^  Known  that  the  amount  of  urine 
used  for  reduction  contained  0,05  gram  of 
grape-mgor.  Prom  this  the  amount  of  sugar  in  the  entire  quantity  of  urine 
excreted  can  !«  readily  est-imntrd. 

By  Polarixaiion. — Sugar  possesses  the  pecidiarity  of  turning  the  plane  of  polar- 
ized light  to  the  right,  just  as  albumin  turns  it  to  the  left,  ^lecific  polariring 
power  IK  the  term  applied  U*  the  decree  of  rotation  that  i  gram  of  tbe  substance 
in  question,  dissolved  in  t  cu  cm  of  water,  forming  a  layer  10  cm.  thiclc.  *'"" 
len^h  of  the  tube  of  the  apparatus,  effects  with  yellow  light.  For  dcxi 
thia  is  -f  5&.  As  the  rotatory  pi.>wvr  is  directly  proportional  to  the  <)uan' 
of  the  subM&nee  diuolved  in  the  fluid,  the  deifree  of  deflection  affords  info: 
tion  an  to  the  amount  of  the  optically  active  substance  contained  in  the  fl 
In  making  the  observation,  the  Sole il- Yen tzke  polorizat ion-apparatus  (Fig.  98) 
shows  on  lis  scale  to  the  right  dircoily  the  ((erceotageof  sugar;  to  the  left,  that 
of  albumin. 

The  li^bt  derived  from  tJie  lamp  eiMrounters  a  crystal  of  calcwar  at  a.  Two 
Nlcol's  prisma  are  placed  at  v  and  5;  tha^^Ag|B^*^|M|i^HM^fcB  visual 
axis,  while  the  otber  is  fixed.  The  goleil  .d^^^^^^^^^^^^^^^^Vl  'it 
one-half  of  this  deflects  the  planr-  <?  r>,.liri 
deflccU  it  to  the  left.  At  «  the  1 
quarte.  At  be  is  placed  a  coi^ 
auaRK,  which  can  ne  moved  litt. :. 
tnat  the  polanzcil  light  sent  ihr- m 
or  thicker  layer  of  the  di^ 
rotation.  Witli  these  d&v 
of  the  Icworotatory  quart/  ,ii  ..  . 
scale  and  vernier  placed  upon  ih'.-  ■ 
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mkI  ihff  half-shadow  apparatus  of  Laurent.  Lippich,  and  others — tlw  tvxt-boolcs 
on  physics  and  chemiAr)'  should  be  consulted. 

THE  MECHAHICS  OF  THE  DIGESTIVE  APPARATUS. 

The  iiiechanism  ol  tlie  )ii;jeitive  apparntus  c-<inipri*«s: 

1.  The  prclit-nsion  of  tlic  food,  the  movcincnts  of  mastication  and 
of  the  tongue,  insaljvalion.  and  the  formation  of  the  boltjs. 

2.  The  movements  of  deglutition. 

J.  The  movements  of  the  stomach  and  the  small  and  large  intestines. 
4.  The  expulsion  of  fecal  matter. 


THE  PREHEPTSION  OF  FOOD. 

Liquid  food  is  taken  into  the  tnouth  (i)  by  suction.  While  the  lips 
are  applied  hermetically  about  the  utensil  containing  the  fluid,  the 
tongue,  moving  downward  and  at  the  same  time  flattened,  often  in 
conjunction  with  depression  of  the  lower  jaw,  caui^es  the  fluid  to  enter 
the  buccal  cavity.  Herz  found  that  the  negative  pressure  produced 
by  the  suction  of  infants  equals  from  3  to  10  mm.  of  mercuiy. 
(a)  The  liquid  is  sipped  when  it  is  brought  directly  in  contact  with 
the  lips,  and  then  ir  drawn  by  aspiration  into  the  buccal  cavity, 
together  with  air.  with  a  characteristic  sound.  (3)  Liquid  can  also  gain 
entrance  into  the  buccal  cavity  by  being  poured ,  the  lower  lip.  as  a  rule, 
being  applied  to  the  containing  vessel. 

Among  tlic  solid  articles  of  food,  the  smaller  particles,  supported 
by  the  lips,  are  picked  up  by  the  tongue;  of  the  larger  particles  a  piece 
is  bitten  off  by  the  chisel-shaped  inci.s(ir  and  sharp  canine  teeth,  and 
then,  for  further  comminution,  it  is  brought  between  the  rough  surfaces 
of  the  bicuspid  and  molar  teeth. 


THE  MOVEBIENTS  OF  MASTICATION. 

The  articulAtion  of  the  lower  jaw  w  divided  into  two  C8%'itiei.  one  aljove  the 
other,  hv  an  inlerariicular  ntrtiliigL-.  which  nkn  iullWs  lh«  duty  of  pTvvrnUng 
mutual  direct  pres^im  of  the  articular  surfaces  during  the  enf.^eiic  action  of  the 
muscles  of  maKHcattoa.  in  the  act  of  chewing.  The  articular  c;ipsule.  conMiderably 
stn^ngthencd  by  tlie  exic-nial  liKuinvnt  iwrucularly.  is  so  capadoua  as  to  penuit. 
in  iiddition  to  L-lcvation  and  depression  of  the  tower  jaw,  also  of  displacement  of 
the  head  of  tho  inferior  maxilla  foirrard  upon  the  articular  tubercle,  although  the 
tocniacu)  dovs  not  Ica^'f  thi:  head  of  the  \xmt.  which  it  covers  like  a  cap. 

Tho  movements  of  mastication  include:  (a)  Elevation  of  the  jaw, 
which  J9  effected  by  the  united  action  of  the  temporal,  masseter  and 
internal  ptcrj-goid  muscles.  If  the  inferior  maxillary  bone  had  pre- 
vious been  greatly  depressed,  so  that  the  condyles  of  the  bone  were 
movea  forward  upon  the  articular  eminences,  they  now  drop  back 
into  the  articular  cavity. 

If.  in  raminK  llie  Icjwer  jaw,  the  tone  is  maitttained  in  a  particular  positioai. 
th«  act  ion  of  thi-  muscle  thnl  n<.iilil  in-ive  the  mnxilla  from  this  position  is  to«t. 
as  is  shown  by  the  folion-ing:  (1)  In  elevating  Iho  lower  iaw  u-hrni  it  is  pushed  as 
far  forward  os'piiiKilile,  the  artion  ol  the  t«mpora!  muscUs  is  lost,  l>ocau<WT  iba<«. 
in  raising  the  jiiw.  draw  it  Imekwartl  at  the  same  time,  (»)  When  ihu  Xnwn  jaw 
it  pushed  as  far  backnard  as  ponible,  the  tvmporal  muscles  alone  exert  an  el»- 
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vatinf  action,  because  the  other  muKks  tvtjuM  tend  also  to  draw  ii  foru-iiril  at 
thf  fAme  Ximc.  t^]  \Vht^  the  tomr  jftw  i<i  rii«p]ticed  laterally,  the  ele^'ftting  action 
r>l  the  Temporal  mtiscl^s  is  lost. 

(6)  Tbe  downward  movement  of  the  lower  jaw  is  partly  due  to  its 
weight  and  partly  to  moderate  contraction  of  the  anterior  bellies  of  the 
digastric  and  by  the  mylohyoid  and  geniohyoid  muscles.  These  mus- 
cles act  more  powerfully  when  the  mouth  is  opened  widely  and  forcibly. 
The  fixation  of  the  hyuul  Uinc  necessary  for  this  purpose  is  eSecied  by 
the  omohyoid  and  sternohyoid,  as  well  as  the  combined  action  of 
the  sternothyroid  and  thyrohyoid  muscles. 

As  the  articular  heads  ol  the  bones  move  forvrard  upon  the  articular  luVrelcs 
when  tbe  inf<-fii^r  maxilla  is  Rrcailydt-prisscd.  il  has  hecn  assttmH  that,  in  this 
caw,  the  external  pteryRoid  muscle*  aciivsly  favor  thi*  displacement.  WTien  the 
month  i*.  fiwncd  lii  an  i-^iieeially  miirke<l  dfHi^e.  the  head  is  bent  backward, 
and.  with  llie  hyoid  tHjiiu  fixed,  the  pnsterior  bellies  of  the  digaslnc  muK:les.  as 
well  as  the  stylohyoid  imtsctes,  enter  into  acliun.  Some  ammals  poss^u  upper 
jav.-*  capable  of  mt'Vt-meiit  upward  and  dow-nward.  a«.  for  instance,  parnitx,  croco- 
diles, snakes,  and  tish. 

(c)  Ksplacemcnt  of  otic  or  of  both  articular  heads  of  the  inferior 
maxillary  iaoiie  forward  or  backward,  (i)  Projection  forward  of  the 
lower  jaw  is  caused  by  the  action  of  the  external  pterygoid  muscles. 
As  under  such  circumstances  the  articular  head  of  the  bone  slips  upon 
the  articular  tubercle,  and  therefore  also  moves  downwanl,  the  surfaces 
of  the  lateral  teeth  must  separate  from  each  otlier  in  this  position. 
(2)  Backward  displacement  is  caused  by  the  action  of  the  internal 
pterj'goid  muscles.  (3)  Ttie  articular  head  on  one  side  is  drawn  for- 
ward and  then  backward  again  by  the  external  and  internal  pterygoid 
mu.'iclcs  of  the  same  side,  a  transverse  movemcnc  of  the  inferior  maxilla 
taking  place  at  the  same  time.  The  more  tlie  lower  jaw  is  depressed, 
the  more  ineffective  are  these  movements. 

In  the  movements  of  mastication,  with  which  both  elevation  and  de- 
pression of  the  lower  jaw,  as  well  as  with  a  transverse  grinding  movement 
arc  often  combined,  the  food  to  be  masticated  is  kept  between  the 
opposing  surfaces  of  the  teeth  by  the  muscles  of  the  lips  (orbicularis 
ons)  and  the  buccinators  from  without  and  by  the  action  of  the  tongue 
from  within.  The  sensibility  of  the  masticatory  muscles,  together  with 
the  sensibihty  of  the  teeth  and  the  mucnu.';  membrane  of  the  mouth  and 
Hps,  determines  the  amount  of  force  to  be  expended  by  the  muscles  of 
the  lower  jaw  for  the  purpose  of  mastication.  By  reason  of  simultane- 
ous insahvation,  the  divided  particles  cohere,  so  that  they  con  be  readily 
formed  into  an  oval  bolus  on  the  dorsum  of  tbe  tongue. 

The  miiscka  of  masticuti'jn,  t*ixetlii-r  with  the  myloliysid  and  the  anterior 
belly  of  the  digastric,  receive  their  m'Jtnr  nerve*  from  the  motor  portion  of  the 
thtra  division  of  the  in^'eminal  nerve.  The  hypoglrisaal  ner\"e  mnervates  the 
geniiAvoid,  thvTohyoitl .  omohyoid,  and  sternohyoid  nmwles,  as  xvell  as  the  stctTJO- 
thyroid  The  butiim.itor.  the  posterii^r  lii-My  nf  ihe  rfiguitne.  llie  stylohyoid  and 
tlie  muscles  of  the  (ace  that  take  part  in  iTjiening  aiul  cIiiMiig  tht  mouth  arc  sup- 
plied tiv-  the  facial  nci^e,  The  common  nervous  cvntrr  for  the  mnvi-ments  of 
mastication  lies  in  the  mcdtiUu  obloiignTa. 

Wlicn  the  mouth  is  »hu'.,  the  permanent  nottitinn  nf  the  jaws  in  contact  with 
each  other  is  ituc  to  atmospheric  pre«iirc,  as  the  huccal  cavily  is  miide  completely 
fret-  of  air,  >Thilc  the  cmrance  ■)!  air  is  prevented  anteriorly  by  the  lips  and  pos- 
teriorly hy  the  veil  of  the  palate.  The  pressure  of  tlie  atmospheric  air  eorrerponda 
to  a  column  of  mercurj*  of  from  1  Co  4  mm,  hi^. 
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STRDCTURE  AND  DEVELOPMENT  OF  THE  TEETH. 

Tlic  tooih  is  to  he  regarded  as  a  morftlicd  papilla  ot  the  mucous  membrane 
of  the  jaw.  of  exceptional  use  »ti<1  pii-iiliar  structure  tn  its  siniplcst  form  ic 
apXii:4m  us  a  tiomy  touth.  as.  for  instance,  in  the  lamprey  und  the  dtick-bill.  in 
TiTiich  the  connective- tissue  framcwiirV  o(  ilie  papilla  a  co\'crcd  externally  with 
layers  of  hard,  liorny  cpillicliuiii,  ewni>arab[t-  wiih  t!ie  fyniialimi  vt  hair  and  o( 
bnstI«B.  In  the  (ormation  r,l  hiimun  ttvth  a  thick  liiy<?r  covorirg  tht  papillary 
eooe  is  iransformed  into  the  tirm  1™\tt  oi  calcifiol  di-tmne  Thi^  Ppithehnm  ot  lh« 
papilla  produces  the  enatnel.  u-hilc  an  acecasorv  deposit  takes  place  arouod  the 
Mue  of  the  cone  in  the  form  of  a  thin  coveriiiRof  bone  (c<?meni). 

The  denti'if.  ivory,  or  tooth-hone,  which  svirrounds  the  cavity  of  the  tooth 
(Fi(f.  gq)  and  ihe  root-canal,  is  lirm,  clastic  and  brittle.  It  appears,  when 
subjcctea  to  special  treatment,  tu  he  conipcscO  of  fjbrils,  which  unite  to  form 
lunclla:,  and  tncac  in  turn  make  up  the  di-ntiiie  imd  are  traversed  perpendicularly 

by  the  dentinal  tubule*.  Thevc  numerous,  long. 
curkscrciv-likc,  spiral  dentinal  tubu1e«  begtn 
with  free  openings  from  1,3  f  to  S  »  ^'  in  diam- 
eter in  the  mitnor  of  the  tooth,  and  iraveree 
the  dimlim*  to  its  owtcrmosi  layer.  The  tubules 
arc  bounded  by  an  extremely  resistant,  thin 
cuiicle-hke  layer,  the  dentinal  sbcaib  (Fig 
100),  which  18  inoNt  unyielding  to  cheiniml 
agents.  Within  the  cavities  of^  the  denthial 
tubiiW  and  complctclv"  filling  them  lie  soft 
hbcra,  thv  iJentinal  librils,  which  are  to  be  con- 
sidered is  enormously  elongated  processes  from 
the  tmppr(ici«l  piilp-^-ells,  the  odontoblasts. 

The  dentinal  tubules,  and  also  their  con- 
tents, the  dentinal  fibrils,  anastomose  throughout 
their  entire  course  by  means  of  proc«««e«.  Mo«t 
of  them  terminate  near  the  enamel,  or  tboy 
penetrans  by  mean*  of  delicate  proceacs  into  the 
cement  substance  between  the  enamel  prisms. 
Only  a  (cw  bend  over,  forming  an  arch  and 
joining  one  another  (Pi£.  101.  A.  c),  white 
others  pass  o%'cr  into  tbc  interglobular  space* 
(Pig.  loi).  The  latter  are  small,  unealcifled 
areas  of  the  grv^und-subetancc.  or  dilated  tubuln 
located  in  greater  number  particularly  near  the 
periphery  of  the  dentine,  and  bound  by  Kpberical 
surfaces.  With  the  naked  eye  pcciiiiar  line« 
can  be  »een  in  the  dentine,  particularly  that  of 
the  elephant's  tooth,  nmning  parallel  with  the 
contour  of  the  tooth  (Schrcger's  line*),  which 
dcprad  upon  the  fact  that,  at  these  points,  all 
of  the  dentinal  tubules  pursue  a  simOnr  course 
as  respects  their  main  eur\'es.  A  ipecial  canal- 
system,  rising  from  the  root.  lies  between  the 
dentine  on  one  iide  and  the  enamel  and  c*ment 
00  tbc  Other,  and  commtmieates  with  the  other  cavitiei  of  tlie  tooth. 

Th«  fiianitl  (vitreous  sobrtance).  the  hardest  stibstaiK*  in  the  i>ody,  as 
hard  as  apaiiie  or  quarlx.  covers  the  free  projectine  crown  of  the  tooth.  It 
consists  of  prqicniliculnr,  hexagonal  prisms  (Fig.  loi.  fi.  w. arranged  side  by  side 
like  palisades,  and  united  by  cement -suhetancc  Thc^e  prisms  are  from  3  h  '^^}J[ 
wide,  varj'iny  in  tlnckness  throuKhoui  th*.-  : 
in  different  direclions,  and  they  exhihit.  afi-.i 
verso  siriation.  which,  how-^  '.fti^fcitaBt 
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Fid.  im.— TtAUTcTK  Sic- 
ikio  (hroiuli  Dvniin*. 
The  lijtht  nii<»  ut  the 
deninul  tlitaiiii.  tliF 
ittrk    (BOIett    vilh    tbo 

brigbt  pcduM  vc  the 
dentin*)  Hbnl)  Iriaz  In 
ilic  dtuW  lutiulc*. 


toincl  Hi  a  siniciurelcss  membrane,  i  ^  or  i  /'  ibick.  which,  in  ihi;  case  of 
ynuni:  teeth,  rxhiliits an  cpithclium-lilu:  arrunKCit>cnt.aiii]  is  dcrivi.-(l  fnim  llicutitrr 
epithelial  layer  of  the  enamel  urijon. 

The  ct-mer.t  (osicous  uubitancc)  c<>n$islft  o(  a  thin  bony  layer  covering  the 
root  of  \he  t'lOtb,  with    a    tiKnllaloil   grouiKl-^ulMt^inco  atvtl  provitlrd   with  Sltar- 

Cey's  fiber*  tF:K-  103,  a).  Haversian  canaU  and 
imetln*  arc  ftmnil  imly  iii  the  ttiiek  layers  of  n-nient 
at  the  aiM'K  oi  the  mot.  the  former  at  times  leading 
into  the  tooth-cavity.  Thin  layers  of  cement  may 
e^'eti    be    uiii>n>vidcLl    with  boiic-c<.'ri)u.M-li's, 

Chemistiy  of  tlic  Solid  Constituents  of  the  Tooth. ~ 
The  teeth  consist  of  s  fmnicwork  of  c^Ican'ous  sub- 
stance, infiltrated  nith  raletum  phosphate  aiitl  car- 
bonate, hk'c  the  bone^.  (i)  Tlie  dcidru- contains  of 
organic  matter  »;-j.  of  calcium  phtMphatA  and  car- 
bonate  53.06.  of  magnesium  phosphate  0*5.  with 
tracer  of  iron,  fluorin  and  Kiilpnuric  acid,  potassium, 
sodium,  and  carbon  diosid.  (i)  The  mamtl  iiou- 
tesses  as  its  organic  bai^is  a  substance  Fcscmhhnc 
the  proleid  of  tpiihclia!  ctlls.  It  contains  of  inor- 
ganic muucr— in  addition  to  j.6o  of  oncanic  matter 
— calcium  phosphate  and  rarbnnntc  06  00.  maEnesuim 
phosphate  1,05,  with  traces  of  calcium  Huorid,  an  in- 
soluble chlorin-coinl>inatirjn,  potassium,  sodium,  and 
carbon  dioxid.  {3)  The  composittoti  *(  the  ctnttnt  is 
identical  with  that  nf  triip  Imne, 

The  Soft  Parts  of  the  Tooth.— Tho  tooth-putp  in  the 
ttduit  looili  fi^pi-e^ean.  the  remains  o(  the  denial  papills,  about  which  the  hard- 
rntng  layer  of  dentirr  ha«  Iki-ii  depiwiited,  h  cmwils  of  cniieclivo  tissue,  at 
times  not  distincth'  fibrous,  and  rich  in  capillaries.  i%-)th  connective- 1  issue  cells 
ami  leukocytes.  The  most  superficial  layer  of  cells,  which,  luti  unlike  epiihelium, 
lie  close  together  next  to  the  dtmtine.  is  formed  of  Hiieiicit[iniilaii-d  odontoblasts, 

35  f  long  by  a  ^  wide,  from  wliich  the 

froduction    of    the    dentine    proceeds, 
hey  send  kms  proceiaes  into  the  den- 
tinal tubules,  while  the  nucleated  cell- 
body,    resting    on    the    siirface    of    the 
putp,  forms  a  conneftion  with  the  pulp 
ana  with  nsishlvfrini;  ntlnnttiblasts  by 
meatus  of  other  processes.     Numerous 
mcdullated  iicrvc-libcrs,  becoinlng  non- 
medullated     after     repented     division, 
penetrate  between  the  odontoblasts  and 
end  beneath    tht^  dentine    in    free  ex- 
tremities presenting;  nodular  thickening 
in  places.     Other  nerx'e-hbera  lie  partly 
in  the  dentinal  tubules,  in  part  in  the 
substance  of  the  dentine      Most  of  them 
appear  to  end   free,  in    a    bnmh-likc 
radiation .     A  plexus  of  line  nerve-libers 
lies  beneath  the  enamel.     Hie  cpidcnti- 
nal  canal-bysLem   is   provided   with   a 
special  ncrve-appomtus.  which  in  part 
penetrates   into  the  cnanid.      The  ar- 
teries of  Lhu  tooth  oft*n  lie  in  grooves 
in  the  nerve- branches.     The  capill.ohes 
even  penetrate  to  the  odontoblnKl-1;iyer 
The  |>eriosie«m  of  the  root  of  the  tooth 
■nd.  at  iIm-  same  time,  of  the  alveolar  cavity,  is  of  a  delicate  structure,  without 
elaitic  libers,  but  rich  in  nerves  and  bloud-vtssils.     The  ginns  Imvc  no  mucous 
'V^nds  and  are  characlerizcd  by  their  Ihuk,  viiwiil.ir  p.-ipillie. 
,^^riit  dtixhpincnl   of  thf   tfeth   begins    as  early   ns  tlic  fortieth   day    (Koac). 
TiatwiRhoiit  the  culire  length  of  the  alveolar  uuirKin  there  is  a  projcctiag  ridgs, 
wmed  of  a  thick  epithvbal  lav-er.  the  J<>'i"l  fiiV'  (Pyt- 104,  a).     From  tHis  epithe- 
ts 
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liiil  liiycr  «  furrow,  also  filled  witJi  cpitheliuTn .  forms  in  the  jaw.  the  dvnta/  grtrow, 
which  thus  runs  h.-in-.-ilh  the  base  o(  iho  iJctital  ridRc.  The  dental  gtr-jve  kww». 
clrapiT  thniuxhom  Its  entire  Iwiffth,  ac-iuirinja  fomi  rvw-mhlingthe  tmnsven*  sec- 
tion of  elongated  (ormat.ivi-  i-j(iihclial  cells;  ihis  is  iho  rHOwtrf  organ.  Fnwn  tho 
dcplli  of  the  jaw  lliere  i^rows  toward  llic  eiiamel  organ  a  cnnieal  papill«.  formed  of 
raucous  tinsu*.  the  d<'ii/iwa/  papiUa  (Pig.  104,  c),  in  with  a  waj-  that  its  apex  «(>. 


FioTm*'— iil.  StcltDtt  ol  ■  Tooth  u  tlu  lunrtioa  (M  bM*«a  Utniiu  ind  Eiuind:  4.  numd:  t,  douinsl 
tubuhs;  S,taaiarl  piiinis  (rail}  wwhIAm  ;  L',  (he  Mm*  |«luniiD  trtiuvtrM  icciioa. 

ports  the  riiamtl  orsan  liki-  a  double  cap.  The  conm-ctinn  parts  of  the  enamel 
orsan,  lyinE  Utwtcii  the  d<jiiliniil  pajiilliv  of  the  scpnnttc  Itith.  now  diiMppear, 
through' hy|M-iji|iwiia  of  the  i<-rtincttivi;  tis;.<uo,  which  next  wadufllly  »urrounds  the 
dcmtinal  papilla  and  its  enamel  orgnii  a*  the  dimial  uu  (Fig.  104.  J,  f-ig,  to?>. 
1^  Of  the  Li>illielial  cells  uf  the  en  am  el -organ  th<»e>  (Pie  >ef .  3)  that  cover  the 
lic&d  of  thu  papilla  a«  a  continuous  laj-er  form  cylindricafepitnehum.  which  later, 
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PlO.  loj,— Tmuicnc  Sn-llun  ul  iKc  KoMi  *, 
cemnil.  wllh  lunc-ontuida;  b.  dollloe  vtlh 
dratinal  lufcutcK  <>  iDMilMi  bftwrcx  Ike  («« 


Fin 


19(  — ^     I)' 


by  calcificnlinn ,  hardens  into  ihe  enamt-l  pnsms.     T? 
cap,  however,  which  is  turned  upwfird  toward  the  dn' 
out.  itofti-na  down  iiiid  ihroujch  a  process  of  t      1 
cuticula,  while  the  cpithelisl  cell*  lying  bctwi-  ■ 
»>  complete  atro[)hy  through  a  neeuhar  inlenm 
they  resemble  the  m'lir-ihaiwd  cells  of  mucous 
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-a,  Dtnul  rrdui-;  t,  manwl  or- 
)E>n  Willi  <i)  fitiru!  riaihcliiinv  (i) 
iniiHIe  rdlic-iiUf  UrfC,  and  (j)  fn 
anirl  eel)     li)rcr:    <.' il«ii(injii  pii^Ui. 

Jitlrd  wiuaiobUst*  nn  ihr  tutfatt-,  J. 
pnlal  nc-.  i,  icconijinr  rciamrl  nntkn. 


V.  rimnn  ttiv  t-iiamtl  extend«  aiimg  <!i«wii  tht  L'niirc  rooi  of  the  louth  during  the 
proa-ss  <i(  dpvclojinniii,  Inii  is  suhwqiiiiitly  kvsi  in  tht*  situation. 

Tht'  tieHtiuf  is  formed  on  the  uppermost  surface  of  the  protruding  connective- 
tissue  dentinal  papilla,  the  odiwiloMajita  (Fig.  105;  Fig.  106.  V)  nrrani^  Iwrc  in 
a  coTuinuinis  l.tyrr  iH-cominn  ralcifivd,  hm  in  aucti  a  manner  that  uncalcificd  libera, 
the  dentinal  tibiils,  R-mnin,  "  By  means  uf  the  process  of  the  pulp  each  odonto- 
blast  is  <;oniH-cU-d  witli  the  di-cjuT  Jviiig.  gmd- 

ually  growing  cell*  of  the  younff  putp,  *o  that  „ 

wh«n  an  odontoblast  in  onsitiefi  don-n  to  the 
rudiment  nf  its  lil>ril  another  liike»i  its  pinee. 
without  the  coniinuity  of  the  fibril  bejnjj  intcr- 
rupttxl.  Aooirdingly,  eat-h  <leniinal  libnl  with 
its  anastomtiK-ti.   must    be  coivsidcretl   ;Mi  ;»  nidi- 

ment    of   several    communicHtini;   od-rtntoblasis."  ,^53S8^'''^?5ai>'~J' 

In  the  hardening  «f  deniine  the  aame  urocesa 
occurs  us  ill  thut  o£  mnfieuti'^n  by  usLe'^buuts. 

The  ct^McHt  in  derived  from  the  Boft  ciinncc- 
live  tissue  of  the  alveoUr  proeess  by  ossiticalton. 
This  connective  tissue  arises  from  the  entire 
bue  of  the  dental  sue. 

Tkt  SktiUliMg  oj  the  Tmh. — Even  durinE  the 
development  of  the  milk-iceth.  a  sj«.-cLat  enamel 
organ  (Pig.  105,  O  for  the  pfniuintni  teeth 
forms  l»y  the  side  iif  that  for  ihr  temponirj- 
teeth;  but  its  growth  is  held  in  check  until  the  *■">■  "s- 
time  for  tlie  shedding  of  the  teeth.  The  papJUv, 
of  the  permanent  tooth  is  absent  at  the  begin- 
ning, A*  the  permanent  tooth  growji,  its  dental 
8BC  first  breaks  thmti^th  the  alveolar  wall  of  the 
teniporarj'  tooth  fpini  below.  The  tiisue  o(  tbii: 
dental    KOe,    aelinj{    as    an    eroding    grAnulution- 

tissue,  causes  absorption  of  the  root  of  the  temporary  tooth  and  later  also  of 
its  body,  up  to  the  crown,  wilhiwi  its  bloifd-vcs»els  underKoinE  atrophy.  The 
amrlioiil  cells  of  the  granulation -tissue  enE«ire  in  a  process  of  undermining  in 
the  absorption  of  the  temporary'  teeth  by  means  of  procrsaes  they  send  out,  taking 
up,  like  phagocvten.  calearvoua  fragments  of  the  dinntegratinK  touth. 

Prom  the  ninth  tntTilh  to  the  seeotid  year  the  twenty  temporarj'  teeth  appear 

m  tW  followingurder:  I'jwit  internal  incisors, 
g  upper  internal  incisoM,    upper  external  inci- 

sors,   lower    external    imriMirs,    first    molar, 
canine  and  seeonil  molar  teeth. 

The  shedding  of  the  teeth  begins  in  the 
seventh  year,  m  the  same  order  ^ilie  decidu- 
ous molnrs  liring  ri-nlaccd  by  the  liicuspidsl , 
Then  three  new  moloni  appear  behind  the 
bicu.'iind  teeth,  the  most  posterior  at  shout 
the  age  uf  twenty  yeani.  therefore  called 
"wisdom-teeth-"  They  may,  however,  ap- 
jK-.-ir  as  late  as  the  eightieth  vear.  Thus, 
the  adult  has  thirty-two  teeth 
y    Mj-j  Acennlmg   to  Zuekerkandl.  epithelial  re- 

-viw/ii//  am—  Jt  tnains  an-  found  in  the  Eums  behind  the  tatit 

\*/^}/y  ajsy  molar  teeth,  which  must  be  regarded  as  the 

1/  '       afy  njtliinenl  ()(, -4  fourth  uiKlLVolojied  molar  tooth- 

An   analogous    t'tudition    has  btx-n    noted  in 
animals  . 

The  -uiiinlcrrvipud  growth  01  the  incisor 

teeth   may   be  readily  observed   in  rodents, 

replacing  the  free  ends  worn  off  by  chewing. 

n-eth  of  a  rodent  are  cxtniclcd.  the  remaining  teeth,  no 

u.it  attrition,  grow  from  the  jaw  in  the  form  of  a  long  arch. 

also  a  continual  rf])l.-n<Tnt-iii  !■(  ilie  leeth  nm»t  iK.'cur  cannot 

has  observed  the  advaiut   t<  A.HT.i  the  masticalinK  surface 

ance  in  fojin  s  to  (^^M^^^achitic,  atrophic,  circular 

formed  <>»  ttR-  nolHH^Hftth   <>t  a  boy  even  before 


■i.rl  iirtaa: 
t   .If  n  Tine; 

■Ih)    dlQ' 

■'f. 
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•ruption.  This  prr>vcs  tho  forvrud  growth  nnd  the  Wfar  of  tho  tMth  at  thoir  free 
«0(U.  Only  when,  in  old  age,  the  pon'er  ci  rcgmeiation  faecumes  diminished, 
do  the  leeih  have  worn-oQ  surfaoes.  During  ihe  embryonal  lite  ol  th«  baleen 
wbalt.  dcntxl  sacs  an;  noted  in  the  jans.  which,  however,  underdo  ^Ltrophy;  in 
their  place  whalelxme  derdops  later.  Toolh-bcaring  nieniatei,  whose  teeth  are 
unprovided  with  enanict.  nevertheless  possess  an  enamel-organ,  whose  function 
it  IS,  like  a  matrix,  lo  insure  for  ihe  developing  tooth  sufficient  looia  tar  iu  fonoa- 
tion.  The  cdcntukius  iirautdillo  posscHcs  an  embryonal  dental  Icd^,  which 
baa  *\aa  been  fotuid  ia  birds  and  turtles  as  the  last  rudiment  of  a  former  den- 
titioa. 

MOV£M£KTS  OF  THE  TONGUE. 

The  tongue  keejts  the  food  between  the  opposing  surfaces  of  the  t«eth 
during  maGtication:  it  collects  the  tinely  divided  particles  of  food,  held 
togettier  by  the  saliva  and  forin3  them  into  a  bolus,  and  finally  it  trans- 
fers the  bolus  along  its  dursal  surface  into  the  pharynx  at  the  time  of 
deglutition. 

The  course  of  the  muscle-fibers  in  the  tongue  is  three-f^d:  longitudinal,  from 
the  tip  to  the  root  of  the  tongue:  transverse,  originating  mainly  from  tbt  atptum 
of  the  tong^ip  sireu-hi-d  lungiuidinally:  And  vertical,  traversing  the  thickiietB  o| 
the  organ.  Thi>  muscles  of  the  tongue  are  in  part  confined  to  this  organ  alon*; 
is  part  they  pass  Ut  the_  tongue  from  other  fixed  poiata,  namely,  the  hyoid  bone, 
the  lower  jnw^  the  stvluid  proct-ss  and  the  palate. 

Microuoptcally  the  musclc-libcrs  arc  striated  transversely,  surrounded  by  deH> 
Mte  sarcdemma,  and  frequently  divided  like  a  fork  at  tlidr  extremities.  The 
bundka  iolcrlaci:  with  one  another  to  a  consideralilc  extent,  and  wnall  deposits  of 
lilt  wc  found  in  the  spaces  between  them. 

The  movements  of^thc  tongue  give  rise  in  part  to  changes  in  form,  in  paR  to 
changes  in  position. 

I.  Shortening  nnd  widening,  through  the  longitudinal  lingual  muscle,  aided 
by  the  hyoglossua. 

3.  elongation  and  narrowing.  Uirough  tlie  transverse  lingual  muscle. 

J.  Excavation  of  the  dorsum  of  the  tongtie  in  the  form  of  a  longitudinal 
furrow,  through  contraction  of  the  tronsvenc  lingual  muxlc.  with  sim^taneotu 
action  of  Uie  median  vertical  fibers. 

4.  Arching  the  dorsum  of  the  tongue:  (a)  transversely,  through  coatraciion  of 
tb«  Icwerrnost  transverse  fillers;  {^J  longitudinally,  through  tnc  action  of  the 
lowwinost  longitudinal  muscles. 

5.  }^«tni»on  of  the  tongue,  through  the  genioglossus,  aided  somewhat  by 
the  geniohyoid,  pasting  from  the  hyoid  none  toward  the  chin;  at  the  same  tima 
the  tongue  tuually  bej^umrs  elongated  and  narrowed. 

6.  Retraction  of  the  tongue  through  the  hyogloasus.  chondroglossos  and  tty]o> 
glossus:  also  as  a  rule  with  shortening  and  widenmg  of  the  tongue. 

V  Depression  of  the  tongue  upon  the  floor  01  the  mouth  is  effected  in  the 
median  line  by  the  eeniogloesus;  at  the  sidu  by  the  hyoglosAU.  fiy  deprosnon  of 
tlie  hyoid  bone  the  floor  of  the  mouth  can  be  made  eveti  much  deeper. 

8.  Elevation  of  the  tongue  to  the  polato:  (o)  at  the  tip,  through  the  anterior 
portions  of  the  upper  lonpitudirol  tibers;  (!>)  in  the  center,  through  elevation  of 
the  entire  hyoid  bon?  by  thr  mylohyoid  muscle  (tngpminal  nerve) ;  and  (c)  at  the 
root,  through  the  atyloglossua  and  palatoglossus  muscles,  as  well  as  indirectly  by 
the  stylohyoid  muvcle  (lacial  nerve) . 

9.  Lateral  deflection  of  the  protruded  tongue  ia  efTccted  by  the  gentoglotsus 
(toward  the  opposite  side):  while  similar  deflection  of  the  tongue.  Tying  in  the 
mouth,  is  effected  by  the  stylogloasas.  hyoglossua.  chDiiilruglottnis  and  patato* 
glosnis  muscles.  Further  lateraTdeQectionrnthc  tongue,  so  that  the  tip  comes  lo 
Qc  behind  the  last  bicuspid  tooth,  is  effected  through  the  combined  action  of  the 
■tvloglossus  and  hyoglossui  muscles  on  one  side  antTthe  geniogloasus  on  the  other 

The  motor  nerve  of  the  tongtte  rs  the  hypoglossal.  In  ease  of  tirulateral 
paralysis  the  tip  of  the  tongue  lying  at  rest  in  the  mouth  is  directed  toward  the 
unaffected  side,  because  the  tone  of  the  unparalyxed  toogitudinal  libers  shortens 
the  unaffected  side  to  some  extent.  If,  however,  the  tongue  is  prrrtruded.  the  tip 
deviates  toward  the  paralyied  side.   This  is  dependent  on  the  direction  pursued  tqr 
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the  genioglossus  muscle  from  the  middle  line  (internal  mental  spine)  backward 
and  outward,  the  direction  of  whose  traction  the  tongue  must  naturally  follow. 
The  tongue  in  killed  animals  sometimes  exhibits  fibrillary  twitchings  for  an  entire 
day. 

THE  ACT  OF  SWALLOWING  (DEGLUTITION). 

The  propulsion  of  the  contents  of  the  alimentary  canal  is  effected 
by  a  motor  process  whereby  the  canal  contracts  upon  the  contained 
mass;  and  as  this  contraction  progresses  throughout  the  entire  length  of 
the  tube,  the  contents  are  pushed  on  before  it.  This  movement  is 
called  peristalsis. 

The  first  and  most  complicated  act  of  this  movement  is  deglutition, 
in  which  the  following  stages  can  be  distinguished : 

I.  The  mouth  is  closed  by  the  orbicularis  oris  muscle  (facial  nerve). 

3.  The  jaws  are  pressed  together  by  the  muscles  of  mastication 
(trigeminal  nerve);  in  this  way  the  lower  jaw  becomes  a  fixed  point, 
permitting  the  action  of  the  muscles  passing  from  the  lower  jaw  to  the 
hyoid  bone. 

3.  The  tip  of  the  tongue,  the  back  of  the  tongue,  and  the  root  of  the 
tongue  are  successively  pressed  against  the  hard  palate,  and  in  this 
way  the  contents  of  the  mouth  (bolus  or  fluid)  are  forced  toward  the 
pharynx. 

4.  When  the  bolus  has  passed  the  anterior  palatine  arches,  having 
been  made  slippery  by  the  mucus  of  the  tonsillar  glands,  its  return  to 
the  mouth  is  prevented  by  the  contraction  of  the  palatoglossus  muscles 
lying  in  the  anterior  palatine  arches,  which  bring  these  arches  firmly 
in  contact  with  each  other,  like  the  scenes  in  a  theater,  and  by  the 
back  of  the  tongue,  which  is  elevated  by  the  styloglossus  muscle. 

5.  The  bolus  now  lies  behind  the  anterior  palatine  arches  and  the 
root  of  the  tongue,  within  the  pharynx  and  exposed  to  the  succes- 
sive action  of  the  three  constrictor  muscles  of  the  pharj'nx,  which 
push  it  onward.  The  action  of  the  superior  constrictor  muscle,  which 
contracts  first,  is  always  combined  with  horizontal  elevation,  through 
the  elevator  of  the  veil  of  the  palate  (facial  nerve),  and  tension  of 
the  soft  palate,  through  the  tensor  of  the  veil  of  the  palate  (trigeminal 
nerve;  otic  ganglion).  The  superior  constrictor,  through  the  pterygo- 
pharj'ngeal  muscle,  presses  the  posterior  and  lateral  pharyngeal  wall 
firmly  against  the  posterior  edge  of  the  veil  of  the  palate  horizontally 
elevated  and  made  tense  like  a  cushion  (Passavant's  cushion),  while  the 
edges  of  the  posterior  palatine  arches  are  at  the  same  time  approximated 
through  the  palatophar^mgeal  muscles.  In  this  way  the  nasopharyngeal 
cavity  is  closed,  so  that  food  is  prevented  from  passing  readily  upward 
into  the  nasal  cavity. 

In  persons  with  congenital  or  acquired  defects  of  the  .soft  palate,  food  can 
enter  the  nose  during  the  act  of  deglutition. 

The  elevation  of  the  veil  of  the  palate  can  be  readily  demonstrated  by  intro- 
ducing a  fine  probe  through  one  nostril,  along  the  floor  of  the  nasal  cavity,  until 
its  posterior  extremity  rests  upon  the  veil  of  the  palate.  With  even,'  movement  of 
deglutition  the  anterior  extremity  of  the  probe,  projecting  from  the  nostril,  is 
depressed.  A  sensitive  flame  may  also  be  employed,  a  T-sliaped  tube  being  in- 
troduced into  one  nostril,  the  other  being  closed.  One  arm  of  the  tube  is  con- 
nected with  a  gas-pipe,  the  other  with  a  burner.  Every  movement  of  deglutition 
is  attended  by  movement  of  the  fl.imc. 
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THE  MOVEMEHTS  OF  THE  STOMACH.— VOBUTIKG. 

Three  methods  are  «inpl0)^(l  far  deienniniTig  the  pontion  of  the  stomach: 
(a)  theinlr<jductiono(  a  mbWr  bougie  through  ibe  esophagus,  wboM  pasace  along 
th«  greuier  curvature  of  the  stooniun  cut  be  paJpatea:  iS)  electric  transiUumina- 
tion  of  ttx;  itiomach  by  CMrann  of  a  small  rouna  incanoeitmit  linht  attached  to 
Uie  rxircmitv  of  a  sionutch-tubc.  Tlie  Stomach  is  previously  suiubly  dilated 
by  thv  dFvclupment  of  carbon  dioxid  from  sodium  bicarbonate  adtninUtcred; 
the  tiitCTpn-'tation  requires  grcut  care;    (c)  the  R&ntKen  rays  have  aUo  been  cin- 

Kloycd  after  lilhi)^  the  Eionkaeb  with  meat  mixed  n-iib  bismuth  subnilratc,  the 
liter  being  inijicrvioui  to  thi?  jt-rays. 

For  regi«<--rinj;  (he  uxtthc  m'ovemenls,  a  rubber  bulb,  introduced  throu^ 
an  exivnial  {;:i£!nc  TiiiiuU  in  ai)ima1s.  aR<l  applied  in  vatioua  situaliofis  in  the  in- 
terior of  iho  stntnach.  ta  cmploj-ed.  The  oulb  is  cnnnecled  with  a  wrtting^ap. 
Earatus  by  means  of  a  column  of  air.  Etnhom  has  used  the  gastrograpb  m 
uraan  beuiRX.  Tlii.s  contt^ti  of  a  nieiallic  eapmie  attached  to  the  extrenitly  of 
a  nibber  tnl»r.  which  is  swallnwcd.  With  every  movement  of  the  stomach 
the  metallic  parts  in  the  interior  of  the  capsule  arc  brought  into  contact,  and  thus 
employed  to  cflcct  an  ekctrical  iTKistration.  A  series  of  pliotosraphs  taken  with 
R6nlKen  rays  al»o  affords  infomuitioii  as  to  the  course  of  the  movvnmits  and 
the  evBConttrin  of  Ibc  gagtric  C'^ticnls. 

The  anterior  surface  of  the  empty  stomach  lies  in  a  frontal  poaitioq.  with  a 
alight  tendency  to  the  nRhi  and  upward,  while  th*  posterior  surface  accortlingly 
occupies  the  oppuKitf*  poeitii-ti.  ^Mien  the  siomaeh  is  moderately  diatended,  the 
anterior  surface  rises  about  the  lesser  curvature  as  an  axis,  so  that  it  forms  an 
angle  of  from  45°  to  48'  with  tlw  hohzon.  When  the  disieniion  is  more  marked. 
the  stomach  coniea  progreiuively  to  occupy  moire  nearly  the  hurieontal  position, 
to  that  ita  anterior  surface  eradually  bccoiiKS  the  superior  surface, 

The  muscular  co«t  of  the  stomach  conatsta  of  an  cxicraal  or  longitudinal  layer 
of  libire,  a  tiiiddla  vt  circular  layer,  and  an  internal  or  oblique  layer,  oue  layer 
passinjt  over  into  another  in  many  places.  At  the  pylorua  the  musculature  fomu 
a  Circular  sphineter-muselr-  («phincterof  the  pylorus), whose  fibers  continue  into  the 
pyloric  valve,  At  the  cardiac  oricice  also  tlie,  musele^filien  ore  grouped  into  a 
cphinetcr  muscle. 

The  movements  of  the  stomach  are  of  two  kinrts:  i.  The  rotatorj-- 
rubbing  movement,  by  means  of  which  the  walls  of  the  stomach  lying 
in  iinine<liate  contact  willi  tlie  ingesta  move  to  an<l  fro  vnl\\  a  slow 
dispiacinf5  action.  Tlies*  movements  siiccee<l  one  another  periodically, 
each  cycle  occupying  several  minutes. 

These  movements  can  \.w  imitated  by  slowly  rolUng  or  molding  a  ball  between 
tlie  palms  of  the  hands  by  nwruns  of  rotiitory  movements  of  tl>e  tiandi  in  opposite 
directions,  Indeed,  hair  swallowed  by  cattle  and  dojis  is  (ormnd  into  a  regular 
ball  in  tbc  siomach.  The  object  of  this  rotatory  movement  is  thoroughly  to 
moialen  the  mirface  of  the  atomacli -contents  with  the  secretion  of  tbc  gastric 
glands,  and  at  the  same  lime  u>  favor  its  escape  by  the  presaure  and  the  coatinu- 
oua  pauage  of  ingesta,  as  well  as  to  detach  the  already  loosened  and  softened 
superfieial  laj-ers  of  the  food,  Further,  the  admixture  of  the  ingesta  with  the 
gastric  juice  m  effected  in  this  way  This  movement  may  be  either  diminished,  in 
the  preaenee  of  gastric  disease,  nich  as  Rnstric  ulcer,  or  increased,  as  when  there 
is  stennstfl  or  dilatation. 

a.  Tlie  other  kind  of  movement  is  a  peristalsis  of  periodic  recur- 
rence, in  coiijunclion  with  rhythmic  opening  and  closure  of  the  pylorus, 
as  a  result  nf  which  the  partly  dissolved  gastric  contents  are  little  by 
little  propelled  into  the  duodenum,  commencing  after  an  inter^*al  of  fif- 
teen minutes  and  ending  at  alx)ut  the  fiflh  hour.  Each  wave  lasts 
twenty  seconds,  with  an  interval  uf  from  fifteen  to  twenty  seconds 
between  waves.     Thi.s  ,  ist  acti\-e  from  the  pytnric  .intru"^ 

toward  the  pylorus.  RudinEcr.  the    lonptudinal  fibers 

passing  toward  the  pvh  ",  eaperially  when  the  pylo*^*^ 

antrum  is  full,  catise  ^ 
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Evatnistion  of  the  sttimnch  occurs  only  wh«n  the  intestine  is  free  from  con* 
tcnis.  The  following  experiment  wiH  serve  t<j  determine  wiicn  the  tngcstA  enter 
the  intcsliiie.  Ett  ttit:  vi^'^i-'ik-c  uf  an  alkaUix;  rvuciiun  in  lliu  inlvotinu.  uilol  is 
dce«tnposed  into  carbolic  fttid  and  salkylic  acid;  tht*  latt(?r  can  be  re<^ognii«d  in 
the  unnc  from  the  violet  oolfir  prfiriuepd  upon  adiiing  (rrhc  chlond.  In  healthy 
persons  this  reaction  Twgins  in  from  half  an  hoiir  to  an  hour  and  diaappeara  after 
tweniy-ftiur  hours;  •v.Utit  in  the  presence  o(  motor  inatiihoieticv  of  the  iitomACh 
IL  is  clelAvfd  from  three  u>  twenty  •four  hcittnt.  Liiitiid.t  arc  rapidly  proiwlled  from 
the  stomAvli  into  tbc  ititeslinc. 

The  thick.  muKular  walls  of  the  stomacli  in  many  srain-eating  birds  aid  in 
trituraticii;  thu  inKesta.  The  energy  of  mu.'icular  action  neocftxary  for  this  purpose 
hiis  often  1x;tn  measured  by  cMrlicr  invcstiKators.  who  found  thnt  kIoss  bolls  were 
broken,  and  lead  pipes  that  coultl  Vjv  tlaiicned  only  by  h  pressure  of  ^e  kilogranw 
were  compn-ssc'l,  in  the  jitoinnch  of  the  turkey.  TBe  maaticating  stomach  of  many 
insects  also  is  capable  of  «ini:lnr  activity. 

Mechanical  stimulation  causes  coiitraclion  uf  the  muscular  layers  dirretly 
allrcted ;  as  docs  also  applicatiin  nf  polaBsiutn -salts,  segmentary  contraction  of  the 
circular  mu»ck«  often  taking  place  at  ibc  same  time,  Sodimn-'iaUs.  on  the  con- 
trary, umaily  cause  winirinniljir  contniclions  or  contractions  proKrejwin;;  toward 
the  cardiac  orifice.  At  the  pjlurie  antrum  the  stimulations  as  a  rule  spread  more 
rapidly.  ElectTical  stimulation  of  the  inirrnal  surface  of  the  stoinacn  cause*  no 
movement-  The  contraction  induced  b>-  stimulation  of  the  intestinal  iuucou:i  mem- 
briinc  it  nlwnv*  less  than  th.it  due  to  stimuUtiran  of  the  txtcmaj  surface  of  the  in- 
testine. In  litimftfl  Ijcinp  hnth  ernioga.ttnc  and  pfreiit-incmis  rlectrieal stimulation 
arc  w-ithout  demonstrable  effect  on  the  evacuation  and  the  st'cretion  of  tbestotnaeh. 

Menviin  Acliviiy. — Openchowiki  and  liis  jmpils!  rn.ike  the  following  nCntementii 
with  retpect  10  the  inlluenec  of  the  nervrn  upon  th«  movements  of  the  Ktomach: 
The  caraia  contains  automatic  ganglion -eel  Is.  which  are  connected  with  the  pneu* 
moKastnc  and  the  sympathetic  nerves.  A  center  for  the  contraction  of  the  cardiac 
oriAce  is  situati'd  in  the  posterior  quadrigeminal  lindit^.  whence  the  paths  pass 
downward,  mainly  ihrouch  the  pncumogasiric,  and  in  lesser  degree  through  the 
splanchnic  nerves  Tlic  L-enler  for  opening  the  caxdia  lits  in  the  corpus  striatum, 
and  in  connection  thvKwith  one  in  the  cruciati-  sulcus  of  (he  central  cortex,  in 
the  dog;  the  pncumoeast he  nerve*  eonstitiite  the  coniJncting  paths,  Dilatation 
crnters  are  situated  also  in  the  upper  portion  of  the  spina]  cord,  whence  the  path 
passes  thmuRh  the  sympathetic  nerve  (aortic  ptexus,  leaser  ftplanehnie  nerve). 
Keflex  opening  of  the  canhac  orifice  can  be  induced  by  irritation  of  the  ficniory 
splnnchnic  nerves,  and  of  the  sciatic  also 

The  body  of  the  Htoiiiach  contains  also  automatic  ganglia,  connected  with  the 
pneum0ga.1t He  and  th(-  synipatheiic  ncr^-cs.  A  center  for  contraction  is  situated 
m  the  corpora  quadrigcmina.  whcnc<'  paths  pass  through  the  pneumogastric  n^ervcs 
and  the  spinal  curd,  and  front  the  latter  into  the  aympatbclic.  The  upper  cord 
contains  inhibitory  centers;  the  paths  pass  through  Ihe  sympathetic  and  the 
splanchnic  nerves. 

The  pylonis  contains  antomntic  pinglia.  It  exhibits  a  eertain,  van'in g  degree 
of  tone  during  closure*  the  splanchnic  nen'e  may  more  ftilly  open  the  pyloru.i. 
while  the  iiiietimi'^ftxtric  tends  to  close  it.  The  center  for  openings  llie  cardiac 
orifice  inhil'its  the  movement  of  the  pylonis;  the  path  passes  through  the  spinal 
cord  and  the  liptanchnic  ner\Ts.  Inhibitory  pyloric  centers  are  situated  in  the 
corpora  c|uadHt(emiiiu  .^nd  ilie  olivary  bodies,  the  path  passes  through  the  spinal 
cord.  The  cortical  center  for  ojjcning  the  cnrdia  cauKs  simultaneous  contraction 
of  the  pylorus:  the  path  pa.sscs  through  the  pncutnogastric  nerves.  Centers  (or 
the  contraction  of  the  pylorus  ai-e  situated  in  the  corpora  quadngcminn;  the  path 
pjMsee  through  the  pnoumogastric  nerves,  a  few  hben  through  the  spinal  cord  and 
"lh«  svinpatbctic  nerve, 

Stimulation  of  the  peritoneum  anil  a]to  of  the  sVin  eau>i(>s  retVx  immobility 
of  ibe  pylorus  and  of  the  small  intestine.  Stimiil.iiion  of  the  central  stump 
of  one  pneuinogTwlric.  the  other  beiii^;  intact,  givri  rise  loimmobihtv  of  the  pylorus, 
contraction  of  the  stomach  an<l  ililaiatinn  nf  ihe  canliac  'trificc  t^levjilion  of  the 
teiiiw,raiiire  to  v^*  C.  cause*  movements  in  the  excised  empty  stomach, 

VoaiitlrLi;  taken  place  in  consequence  oif  con  traction  of  the  wall*  of  the  stomach, 
the  pyl'.Tic  sphincter  being  iit  (he  same  time  closed.  It  occurs  tmjst  readily 
when  the  stomach  is  distended  Dogs  usually  distend  the  stomach  greatly  before 
vomitmg,  by  •=«  allowing  air.  There  is  no  doubt  that  in  infanls  vomiting  is 
due  principally  to  contractions  of  the  walls  of  the  stomach,  though  without 
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the  tUght«t  ipiunHKlK  cotipcration  of  nbdonunal  pressure.  Wlvm  th«  ftct  of 
v<»fntting  is  alifndod  with  straining,  abdominal  pressure  coni«s  energetically  into 
p]«y. 

'T1>e  coniritcti<jiiKt>f  the  walls  of  ihetttomach  Ihut  cnute  n.  general  diminutioa  in 
thesixe  ttf  the  visciisran  )>c  nwogni;trd  when  Ihestomaeh  iscx|>o«c(J.  ThepyJonis 
COniractB.  then  nave-hke  contraciions  appear  from  the  pylonc  extrcmit  j-  upward 
lo  ihe  body  of  ihc  !>f)mach.  Th«  ujiinTmoil  iMnion  ot  the  stomach,  including 
the  cordia.  does  not  contnicl,  hut  the  cardiac  nrilice  is  (ijiened  by  the  con- 
traction of  the  longitudinal  muscle -filters,  which  pass  toward  tbc  esophageal 
opening,  and  therefore  mum  act  -m  ililncori  Mhen  the  stomach  is  full. 

The  itctual  ejection  i>f  the  content*  of  the  stomach  »«  immediately  preceded 
by  an  eructnticnOiWe  movement,  dilating  the  mtrathoracic  portion  of  the  esophn- 
([iifi  This  inVes  plner  in  such  n  nuinncr  thnt,  with  the  glott Ik  closed .  violent. 
jerky  inspiratii'n  suddenly  occurij.  causinf;  the  esophagus  to  be  dtBtendcd  by  gas 
risiiiK  fnnn  the  »iimi:ieh  '  At  the  smne  tune  the  larynx  and  the  hyoid  bone  are 
drawn  forcibly  forwan]  l>y  the  comhjticd  action  nf  the  i;<^^i'ihy"id  and  slemohyirid, 
together  with  the  stemoihyroid  and  thyrohyoid  muscles,  with  obhtcration  of  the 
laryngeal  unfile  Aa  a  nioiim  of  auppuri  ihc  lower  jaw  i-i  even  moved  liorUonlally 
fom-anl.  as  ,i  re.sull  air  passes  fn>m  the  pharj-nx  (luwnwanl  to  the  u|)]>lt  pcrttoii 
of  the  esophagus.  Ai  the  same  lime  the  projection  and  the  inclination  of  the  he.-id 
favvr  dilulaiion  of  the  esophagus.  If.  now,  sudden  ubdominul  ^-tessure  is  exerted, 
nupporti-d  by  the  intrinsic  movcmenift  of  the  ttomach.  the  content*  of  the  viacuB 
will  tie  ejected.  If  the  vomiting  be  long  eonlinucd,  There  may  even  be  nntiiwriK- 
talsis  of  the  duodenum,  a%  a  rc$uh  of  nhioh  bile  enters  the  stomach  and  iNxorara 
admixed  with  the  vomited  maiiera. 

Children,  in  whrnii  the  fundu»  of  the  stomarh  ix  not  sacculated,  vomit  more 
rcadilv  than  adults,  in  whom  the  fundus  must  cnntract  forcibly. 

The  center  for  the  act  of  vomiting  is  situated  in  the  medulla  oblongata.  It 
in  ciiiincctcd  with  the  respiratory  center,  an  experience  leaches  thai  attacks  of 
naiuea  can  be  overcome  by  rapid,  deep  respiration.  Thcact  of  voniitinE  can  Ix 
inhibited  likewise  in  aninialti  bv  means  of  nrtiticinl  respiration.  On  the  other  hand, 
the  adininistr£itii>n  of  enu-tica  doih  not  permit  the  development  of  apnea 

The  ««  (if  vomiting  may  In-  excited  hy  chemical  or  mechanical  irritation  of 
the  eentripcTal  ner%c«  of  the  mucows  menibrane  of  the  palate,  the  phnr>-«x.  the 
root  uf  Ihe  tongue  and  ihe  stomach :  also,  under  certain  conditions  (pre^aney)  by 
imiatiim  of  the  uterus,  of  themtenline*  (|>cnti>iiili»l.  and  iilmtof  the  gemto>unnaiy 
appnrattis;   finally  by  direct  stimulation  "f  ihe  vomiting  center, 

The  aci  of  vomiting  excited  by  repulsive  conceptiuns  appears  to  result  from 
the  transmission  of  stimuli  from  the  cerebrum  llinmgh  eimiliicting  filn-rs  to  the 
vomiting  center.  The  net  of  vomiting  is  aW  common  in  connection  with  c«rebral 
disease.  Irritation  of  the  central  slump  of  the  pncumogaatric  nerve  is  «spftble 
of  inducing  v<«miting 

The  ruminating  pivwcs*  in  ruminants  resembles  the  act  of  vomiting.  Also  in 
human  bemgs  enictalion  of  food  re<;rml!ltng  inortiid  niminnlion  has  \>r<-n  nhservcd 
as  Uie  exprei&inn  of  a  gastric  neuro&is  There  exists  under  such  circumstances 
relative  insuliicieiicy  of  the  cardiac  orilice  of  the  stomach  :  with  the  glottis  closed, 
the  conienti  nf  the  itumach  on  altriiuHiion  of  the  air  in  the  thorax  rise  into 
the  mouth      Forced  cxpiratorv'  pressure  is  capable  of  preventing  this  phenomenon. 

Emniaact  (iWirecilv  upon  the  vomiting  center  (as.  for  instance,  apomorphin). 
Central  vomiting  ccascK  after  di-stnictiim  of  the  rorji-'irii  'pindri^eTsinn.  or  division 
of  the  anterior  columns  of  the  spinal  cord  or  destruction  of  all  the  spinal  sympa- 
thetic filxTS  that  jias«  to  the  stomach.  (»1  Other  emetics  act  upon  the  vomiting 
eenier  through  rcHex  intluenees  from  Ihe  stomach  or  the  intestine  (copper  sulphate, 
tartar  emetic)  The  irritation  reaches  the  giu^ric  musculature  through  the  fmeu- 
mogaKtiie  nerves  (jl  Hoth  of  these  inofle*  of  action  maybe  combined.  Kmetics 
may  also  remove  mucus  from  the  respiratory-  organs  It  would  appear  that  emetics 
exorl  a  favwahle  mfluence  upon  the  respiratorv  movements,  through  irritation 
of  the  respiratory  center,  as.  for  in»tance,  in  smalf  children. 


THE  MOVEMENTS  OF  THE  mTESTINES. 

For  «b«er^■ing  the  ptri.'.taUic  nv  .vemcnts  in  animals,  the  abdominal  cavity  is 
(^tcned  under  a  o  9  per  cent,  s^idium-chlorirl  wUition  at  bUmd. temperature  in 
order  to  avoid  the  entniitce  of  air  :  or  tite  observations  may  lie  made  thnn)|;h  the 
shared  and  uninjured  abdominal  walls. 
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The  small  intestine  exhibits  peristaltic  movements  in  a  classical 
manner.  Tlie  progressive  conslritiion  of  the  canal,  which  forces  the 
contents  before  it,  always  passes  from  above  downward.  After  de3.th 
and  on  exposure  nf  the  coils  of  tntcfittnc  t«  the  air.  peristalsis  is  often 
seen  to  de\-eiop  in  several  parts  of  the  intestine  at  the  same  time,  and  as  a 
result  the  intestinal  loops  acquire  the  appearance  of  a  mass  of  crawling 
wonns.  In  addition  to  these  movements,  pendulum-like  movements  of 
the  inte^itine  also  occur,  by  wliich  the  ccmtents  are  moved  sfnne  distance 
first  in  one  direct  ion  and  then  in  the  other.  The  advance  of  new  intestinal 
contents  and  the  resulting  increased  di.stention  of  the  tube  due  to  solid 
contents  or  gas  causes  renewed  movement. 

The  large  intestine  exhibits  less  active  and  less  extensive  move- 
ments. When  the  abdominal  walls  are  thin,  or  in  the  sac  of  a  hernia. 
pcrLitalsis  may  be  felt  and  even  seen.  Herbivora  exhibit  more  active 
peristalsis  than  camivora.  Perhaps  the  transmission  of  peristalsis  takes 
place  directly  through  the  musculature,  as  in  the  heart  and  the  ureter. 
The  ileo-cecal  valve,  as  a  rule,  does  not  permit  the  usually  more  con- 
sistent contents  of  the  large  intestine  to  pass  back  int<»  the  small  intes- 
tine, During  sleep,  at  night,  the  movements  of  the  stomach  and  the 
intestines  cease. 

If  fluid  material  is  f^adtially  intro(luc*d  into  ihc  rectum  from  a  heighi  of 
one  meter  of  wntor  jiri-sKiiru  throuchnn  inU-Ktinnl  ttib«,it  may  r>.i!wyr>war(!tIiroiif[h 
the  ilco-ci-cal  vhIvc  intu  tlic  xmall  inlrtitinp.  and,  with  {,1x111  cain-.  it  tnay  reach 
the  siomach  and  esophagus,  and  even  escape  from  the  mouth  and  nosi;.  In  this 
way  lilt  ctitirt  inu-»tmal  tract  m  ilic  living  Mibjett  i-an  hr  irriRatLcl,  jind  wiih  cura- 
tive results;  as.  (or  instiince,  in  oaxc-s  of  cholera  (1  or  j  percent.  »i>lulii>n  of 
tannic  acid  in  j.$  per  cent,  solution  of  sodium  chlorid).  Eight  or  nine  Htcrs  arc 
sufficicnl  to  fill  thi:  eiilire  aliiiitrriUiry  (.'■inal. 

A  crystal  of  sodium  chlorid  applied  cxtemallv  to  the  intestine  causes  con* 
traction  at  that  p<>iiil,  with  upw«ro  pi-ristaJMa,  wjiilc  potassium  chlorid  induces 
only  local  coniraclicn.  Particle*  ^atu^ntt■^^  »*ith  sotiium-cliloivJ  st>Iution  Jin«J  iii- 
troauc*d  into  the  roctum  art  r.imcd  iipw.-uvl.  in  part  even  to  th*.*  Etomoch,  through 
Ihr  mctlintion  n{  nervous  irritntifn.  prrhnps  of  the  miisnilaris  mitsosn*. 

Pathological. — If  an  inllammntor^-  ur  catarrhal  condition  of  the  intestinal 
mucous  memhrajie  develoii*  rapiiUy  in  tonwuucnce  of  an  acute  inflammatory 
irritation,  contract io in  vi  the  inllameil  portion,  Ht  first  innrkt^d.  occur  )n  the  full 
intestine.  When  the  aifccled  portion  hafi  Ix-cn  emptied  the  movements  arc  no 
longer  more  marked  than  normal.  If  further  contents  rcjtch  the inflamcil  portion 
the  peristaltic  downuard  movement  talcL-s  place  morv  rupt'lly  than  nonnal  ojid 
dtairhea  results  At  times  a  greatly  enninicted  piece  of  the  intestine  is  (rushed 
into  n  neighboring  pf>rtion  (invagination,  intiin'iusccplifn),  Keductirm  in  the 
bodilv  temp( ratiiTc  is  followed  hv  a  decreaae  in  the  peristalsis. 

That  anliperiitalsis.  that  w  a  oioveineni  upward  tnwiinl  the  Ktoinnch.  occurs 
wa*  ftiniierly  Cfitinidered  proved  by  the  appearance  of  feral  voiniiing  in  connection 
with  intestinal  obstruction  due  to  stenosis  in  human  beinKs  with  occliisinn  of  the 
bowel.  The  invesiigationii  of  N<>tlm,'tK:el.  however,  throw  doubt  upon  this  con- 
clusion, as  he  failed  to  observe  riTcctive  nnti]ieTistnlsis  after  artificial  occlusion  0/ 
the  briwel.  The  fccnl  odor  of  the  vomited  matter  may  also  depend  upon  its  pro- 
longed sojourn  in  tlic  duodenum,  whence,  as  llie  ivell-known  bilious  vomiting 
show-*,  ingesta  mny  be  returned  into  the  stumuch. 


THE  EVACUATION  OF  FECES  (DEFECATION). 

The  contents  of  the  inte.'stine  remain  in  the  small  intestine  about 
tliree  houn>,  and  for  a  further  twelve  hours  in  the  large  intestine,  where 
they  become  inspis-iated.  and  in  the  lower  portion  formed  into  the 
focal  mass.  Through  the  peristaltic  movement,  the  feces  arc  forced 
onward  to  a  point  somewhat  above  that  portion  of  the  rectum  which 


384 


THE    EVACUATION    OP    FECES. 


is  sxirrouiKied  by  botli  spliincter-muscles,  of  wliicU  tlie  upper  or  internal 
is  fomiecl  nf  iinstriated  and  the  external  of  Ktriated  muscle-libers. 

Immediately  .ifter  the  act  of  defecation  the  extCTDal  sphincter  (Vig. 
108.S;  Pig.  109)  usually  contracts,  and  remains  contracted  for  some  time. 
When  the  muscle  relaxes,  llie  elasticity  of  the  parts  surrounding  the 
anal  opening,  particularly  of  both  the  sphincter-muscles,  is  sufhcient  to 
insiure  closure  of  the  anus.  In  the  interval  of  rest  or  until  the  pressure 
of  the  feces  again  occurs,  there  is  no  cvi(!cn<*e  of  a  pennanent  contrac- 
tion (tonic  innervation)  of  the  anal  sphincters.  As  long  as  the  fecal 
matters  lie  above  the  rectum,  they  pive  rise  to  no  conscious  sensation. 
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Flo.  mC.— TLt  Ptrincum  uid  ill  MokIv:  i.  u>u*-.  1,  OKtyi;  i,  kdiUI  iuIhxmjij:  «,  iubrroHHcrU  li«»m—l; 
SiHSlalHiJivn:  B,  bulbocmtiiemt  nuid*:  Tt,  waert&cM  lijubnvnt  vntntal  tnuadc;  t^.  luiuutikdMp 
tiamtM»  pwin—il  coiuu*;  J,  iutuocavrfnoiu*  ibukIs;  O,  lalcnul  oetiuiCin  oiumI*;  £.  oacnul  tphiacMr 
■al  iDOMl*;  U  kvuot  mi  muKk:  P.  pyrUoml*  niudc. 

It  is  only  their  descent  into  the  rectum  that  causes  the  feeling  of 
tenesmus.  At  the  same  time  the  stimulation  of  the  sensorj-  nerves  of 
the  rectum  causes  reflex  stimulation  of  the  spliincters.  The  center  for 
this  reflex  (Budge's  anospinal  center)  is  situated  in  the  lumbar  cord. 

In  aninmls,  After  division  of  the  spinal  t^ord  abovatlaiiCKnUirjIhaaiwlj 
closes  BCtivsly  wbm  touched :  but  toon  alUT  thi«i 
relax,  and  the  aniu  may  thus  remain  oprn  for 
tlmi  tiie  active  voluntary  contraction  o!  tha 
mentioned,  under   the   control   of   the  will  ' 
closed  for  some  time  after  each  evacuation  of  t 
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which  the  poaUrior  roou  of  the  lowar  hunbar  and  tb«  Mcr&l  nervoe  were  divided , 
Londois  observed  ttiat,  while  recovery  wu  o'.herwiie  normal,  the  auus  remained 
open.  Not  nrely  a  portion  of  the  tecAl  iiulm  protruded  for  a  considerable  time, 
as  the  tcnsibilityin  tn«  rtfctum  and  anus  was  losi  in  siich  animals.  Neither  was 
ndex  contraction  of  the  sphincters  possible,  nor  could  voluntary  closure  of  the 
anus,  induced  hy  the  aense  of  feeling  alone,  take  place,  allhouxh  this  would  other- 
wise  hiLve  doubttrss  been  possible. 

An  excitomotor  as  well  as  an  inhibitomotor  influence  may  be  exerted 
tipon  the  external  anal  sphincter,  as  upon  any  voluntary  muscle,  from 
the  cerebrum.  Nevertheless,  closure  can  be  maintained  only  for  a 
certain  time  if  the  pressure  from  above  is  considerable.  Finally  ener- 
getic peristalsis  overcomes  even  the  strongest  voluntary  stimulation. 


\ 


PW.  109. — "Rm  L*TsUit  Ani   tad   Earnul  apbiticwt  Au   ktiuctw. 

The  evacuation  of  feces,  which  takes  place  habitually  in  human  be- 
"*g^  at  a  definite  interval,  once  or  twice  daily,  rarely  oftener,  begins  with 
active  peristalsis  in  the  large  intestine  which  passes  downward  to  the 
rectum.     In    order  that  the  sphincter  muscles  may  not  be  excited  to 
^h^-  ^^^^"^y  ^y  *hc  advancing  column  of  feces,  it  appears  that  an 
"nnibijonr  center  for  the  sphincter-reflex,  capable  of  voluntary  stimula- 
*'oo,  must    become  active.    This  is  situated  in  the  brain  (Masius  sup- 
's** m  the    optic  thalamus),  whence  its  fibers  pass  through  the  cere- 
Wduxicles  to  the  anospinal  center.      During  stimidation  of  this 
ory     apparatus,  the  column  of   feces  passes  through  the  anus 
--ftufiing  its  reflex  closure. 


9S6        KFKVOVS    IKFLUKNCKS    AFFECTING    INTKSTINAL    UOVKMENTS. 

The  active  peristalsis  necessary  to  cause  defecation  may  be  favored 
and  to  a  certain  extent  excited,  partly  by  pressure,  partly  by  short 
voluntary-  movements  of  the  external  sphincter  and  the  levator  aoi 
muscles,  whereby  the  myenteric  plexuH  of  the  lower  portion  of  the  large 
intestine  is  stimulated  mechanically,  with  the  result  that  active  peris- 
taltic movements  of  the  large  intestine  are  soon  set  up.  The  expulsion 
of  feces  is  favored  by  active,  voluntary  abdominal  pressure,  principally 
with  inspiratory  depressiop  of  the  diaphragm.  The  soft  parts  oi  the 
pelvic  floor  arc  forced  downward  conically  with  a  strong  effort  at  stool, 
whereby  the  anal  mucous  membrane,  which  coincidenlly  becomes  filled 
with  venous  blood,  is  at  times  everted,  -It  is  the  function  of  the  levator 
ani  muscle  (Figs.  loS  and  xoy)  voluntarily  to  elevate  the  soft  parts 
forming  the  pelvic  floor  and  thus,  in  elevating  the  anus,  in  a  measure 
to  slide  it  over  the  descending  column  of  feces.  At  the  same  time  it 
prevents  relaxation  of  the  soft  parts  of  the  pelvic  floor,  particularly  the 
pelvic  fascia.  As  the  fibers  of  both  levator  ani  muscles  converge  down- 
ward, and  mix  with  those  of  the  external  anal  sphincter,  they  coinci- 
dently  aid  the  sphincter  when  energetic  contraction  takes  place,  as  they 
bear  approximately  the  same  relation  to  the  anus  that  the  litrings  of  a 
tobacco-pouch  bear  to  its  opening.  When  the  desire  for  stool  isj 
marked  the  closure  of  the  anus  can  be  made  more  secure  by  pressure 
from  without  through  forcible  rotation  of  the  thighs  outwaid  and  the 
action  of  the  gluteal  muscles. 

During  the  normal  interval  between  evacuations  of  the  bowel.  th« 
feces  appear  to  descend  only  to  ihe  lower  extremity  nf  the  sigmoid 
flexure.     From  this  point  to  the  anus  the  rectum  normally  is  usually 
free  fnim  feces.     The  strong  circular  libers  of  the  muscularis.  which] 
N^laton  termed  the  third  anal  sphincter,  appear,  by  their  c<mtraction,j 
to  arrest  the  further  advance  of  the  fecal  matter. 

NERVOUS  INFLUENCES  AFFECTmG  THE  INTESTINAL  MOVE- 
MENTS. 

The  automatic  center  for  the  movements  of  the  intestinal  canal  is 
the  greatly  developed  myenteric  plexus,  which  is  embedded  betweea 
the  longitudinal  and  circular  layers  of  the  muscular  coat.  It  is  this 
that  is  responsible  for  the  movements  that  continue  for  some  time  in 
an  excised  portion  of  intestine,  just  as  they  occur  in  the  heart. 

Tills  {iWus,  conatiiiitc'd  mninl)-  of  non-niedullBted  nerves,  distnliutcs  fibcrt 
that,  ullcr  AKnin  forminK  a  rt-twork.  pasx  to  ihc  onalriali-ii  munck-RlicrK.  The 
cells  of  the  plexus  potificss  Hn  axis-cylinder  process  and  ncvcral  protoplasmic  pr'>- 
cesRcfi.  N'orvc-fibers  p»»  thrimfih  the  mass  of  ganglia,  while  others  surround 
the  ean^ion-celU  with  iheir  I'xir^mitiM.  Special  nw-ve  -  plcxiisos.  eontainine 
ganglia,  are  found  upon  the  blond-vessel*  and  lymph-vessels  of  the  intestinal 
wall. 

When  this  center  is  free  from  all  stimulation,  the  intestine  remains  in 
a  state  of  rest,  resembling  the  apnea  that  occurs  with  ahsence  of  stimu- 
lation of  the  medulla  oblongata.  This  occurs  during  intra-uterine  life. 
as  it  docs  also  with  respect  to  respiration,  in  consetjuence  of  the  large 
amount  of  oxygen  in  the  fetal  blood.  This  condition  may  be  termed 
intestinal  rest — aperistalsis.  It  is  observed  also  during  sleep,  perhaps, 
in  consequence  of  the  greater  amount  of  oxygen  in  the  blood. 

The  circulation  through  the  intestinal  vessels  of  blood  containing 
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the  usual  amount  of  gases  ^ves  rise  to  the  quiet  peristaltic  movement 
of  ihe  healthy  individual — eu]>cristalsis. 

AH  stimuli  transmitted  to  tlw  myenteric  plexus  increase  peristalsis, 
which  finally  may  progress  to  violent  movement,  with  rumbling  in  the 
intestines  (borbor>*gmus),  and  may  even  cause  involuntary  discharge 
of  feces  and  spasmodic  contraction  of  the  intestinal  musculature.  This 
condition,  which  corresponds  to  dyspnea,  may  be  designated  dysper- 
istaJsts. 

This  condition  may  be  caused  (o)  by  intcTTuptton  of  the  circulation  in  the 
inicstinca.  it  maltors  not  whether  anemia,  as  after  compression  of  the  aorta,  or 
wniitis  hyperemia  iK  ihcrvhy  iiiiluced.  The  cxcitiii|{  x)(<-'<>t  licre  in  lliu  ilrficirncy 
oi  oxygen,  or  the  vxcc»  of  carbvn  dioxid.  Even  slijthtcr  circulntQr>'  disturbaacea 
in  tlie  inl'.-Htititil  blood- vessels,  as,  for  iiiHtancu,  vt-n<>iiK  stnsis  in  coiitteclioii  with 
Abundant  transfusion  into  the  vtins,  whereby  transitory  overdistention  of  the 
venous  system,  and  therefore  stasis  in  the  portal  Bysicm  ocvuis,  jfvvc  ritre  to  in- 
crvasrd  peristalsis.  This  taki-s  the  fonn  c»f  noisei;  und  rumbling  in  the  intestines, 
together  with  inx'oIuntar>'  defecation,  if.  in  conseijuence  of  transfusion  of  hetero* 

{;eneou»  hloud.  hta&is  becomcii  marked,  as  a  result  of  thronihoiia  of  the  intenttnal 
ilood- vessels,  I.ainlins  explains  in  this  way  the  irresistible  inchniition  to  stool 
and  the  increased  peristalsis  that  attend  certain  forms  of  cardiac  weakness  of  acute 
<>u»ci  and  stictusiaof  the  CLToiiary  arteries,  in  consequence  of  which  the  cireuhitioii 
in  the  intestines  suddenly  ceusea  A  similar  »tatc  ut  afTuint  is  ub»er^'ed  even  under 
norrnnl  conditiuna,  LanJois  lw--!ievcd  thut  the  persiMent  pressure  in  constipated 
indivjdualn  induces  the  evacuation  that  evenUially  lakes  pincc.  as  much  by  exciting 
peristalsis  ihruuKh  the  venous  stasia  in  the  intestines  as  by  mechanical  pre«.<ure 
upon  the  inieHni.il  caual.  Also  the  increased  [Jtri.'iislsis  that  conMontly  atlentU 
approachinj;  death  depmds.  undowbtwlly.  upi>n  cireiilatury  disHirbances'and  thus 
upon  an  alteration  in  the  amount  of  gases  in  the  blo»d  in  ihc  inttrstiues.  The 
>amc  statement  ia  apphcable  lu  the  increased  inicsiinal  nioveinent  thai  attends 
certain  emotional  disturbances,  as.  for  instance,  fear.  Herc  the  stimulBtion  of 
the  brain  passes  thn^ugh  llie  nitdulla  oblongata  (containing  the  center  fur  the 
vasomotor  iiervesl  t<j  the  intestinal  nerves  and  causes  circutatury  disturbances  in 
the  intestines  (coincidcntly  with  pAllor).  Restoration  ol  the  normal  circulatory 
condition  restored  the  tntcHtineA  to  quiet  peri<tnl«in,  SaK-ioli  caused  bkwd  to 
flow  aTlihcialK'  through  excised  pieces  of  intestine  by  means  of  cannulas  intro- 
duced into  the'blood. vessels,  and  found  that  blood  rich  in  oxygen  uiiuse*!  intevtinal 
Tvst,  while  intemipti'in  of  the  circulation  caiisi-d  runtraclicin*  of  the  intestines, 
Biikai  was  able  to  overcome  the  dysperistalsis  induced  by  the  inirodiiction  of 
carbon  dioxid  into  Ihc  iniesiincs  by  mtroducing  oxygen  into  the  iiueijtinal  cavity. 
{h)  Direct  iml.iliim  of  the  inlestinc  causes  movement  not  only  nf  the  part 
directly  allectcd,  but  also  of  ihc  ueiKhWrinj;  port  of  the  Intestines,  especially  that 
Iving  tonard  the  pylorus.  The  cumulative  effect  of  stimuli  is  shoi^n  here ;  that  is 
feeble  stimuli,  which  are  too  weak  lo  excite  movement  when  applied  but  oncc, 
do  so  on  persistent  repetition,  as  exposure  of  the  intestines  to  the  air,  in  more 
inarkefl  degree  in  the  presence  of  carbon  dioxitl  and  chiorin,  the  inlrdduction  of 
certain  irritating  substances  into  the  intvstitie.  marked  distention  of  the  intestino] 
canal,  especially  wtlli  eoincideru  dilhculty  in  or  obitruction  lo  defecation  (which 
oceurx  fre<|ucntly  in  human  heinjin).  iir  iliitcl  irritation  of  dilTercnl  kinds,  also 
inflammatory  processes  involving  the  intestine  either  from  within  or  from  without. 
In  this  Lxinncction.  the  otiservaiion  is  of  interest  that  induced  currents  aiiplied 
to  a  hernial  sac  r-onUaininj:  inlvstine  cxcilc  active  peristalsis  in  the  hernia.  Local 
irritation  of  a  portion  of  the  intestine  with  a  tetaniiing  induced  current  cauaes 
a  ciwular  eonsiriction.  which  advances  especi.illv  toward  the  stomach  when  the 
current  is  of  considerable  stn;npth.  The  BhortoninR  of  the  lons'""i''">l  titiers  that 
are  sttmulaied  at  the  Mime  time  extends  m  both  directions. 

With  iucrvasing  temperature  intestinal  rest  first  restiltR— from  irritation  of  the 
splanchnic  nerves;  when  the  temperature  reaches  43"  C,  intestinal  movement  is 
resumed. 

All  persistent  stimuli  of  moderate  strenj^h  cause  cessation  of  dys- 
peristaltic  intestinal  movement  from  nverstimulatior.  This  condition 
may  be  designated  intestinal  exhaustion  or  intestinal  paresis. 
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TbU  state  of  rut  of  the  intestine  is  ihui  'widclj*  dif?cnmt  from  that  attending 
th4  conditir>n  of  ftpcrisiftlsis.  Persistent  flta&U  of  blood  in  tlir  intcslinaj  v^cmU 
leads  fiOAllv  to  iniestinj)!  exhaustion,  as,  for  instance,  when  thrombosis  occur*  in 
the  intMtinnlv(!SseIii  after  tniu«(v!^iiin  uf  btiXMl  fnvni  iLdiflnenttpecien.  Di«ientioa 
of  the  vossels  with  in<Hllrri-iit  titiiile,  .t(UT  compression  of  the  aorta  had  previoitaly 
excited  actix'e  peristaUi^.  likewise  causes  cessation  of  peristaltic  movement.  In 
the  (atne  category'  belongs  also  ihc  coiidilioa  of  rent  noted  after  the  teiniientunt 
of  tbc  intestine  has  btm  n-«h:rvtl  to  jq°  C,  Severe  intestinal  inflammatiim  also 
haa  a  similar  effect,  Under  favorable  conditions  ihc  intestine  may  recover  from 
thb  at  age  of  cxhauotion  aitcr  the  irritation  hus  ceaacd.  This  take.i  phioc,  aa  a 
rule,  throush  a  transitional  stage  attended  vvith  active  peri5tat»is.  Thus  the  intro- 
duction of  arterial  blood  into  tne  vcuels  of  the  cxha\i«ted  Inlestinc  causes  at  first 
active  periEialtic  mnv-empnts.  followed  by  normal  i>e]istfllsis. 

The  continuous  application  of  strong  stimuli  finally  causes  complete 
paralysis  of  the  inteistine  in  human  beings  as  se«n  after  inSammations. 
traumatisms,  incarcerations,  and  the  like.  The  intestine  becomes 
greatly  distended,  aa  Ihe  paralyzed  muscularis  is  no  longer  able  to  offer 
any  resistance  to  the  gases  expanded  by  the  heat  (meteorism). 

The  Periph«ral  Intestinal  Nerves. —Of  the  nerves  p.nssing  to  the  intestine  tlie 
pneumoaaainc  nerve  increases  the  movements  of  the  small  intestine  and  the  upper 
[lortii;!!  ul  Die  lar)[e  iuiesfiiic.  either  by  cunveyine  the  stimuli  apnlied  to  it  to 
the  myenteric  plexus,  or  by  causing  conlractions  of  the  stomach,  which,  in  turn, 
an  true  mechan:ca!  impulses,  cxciic  the  intestine  to  movement.  The  pneumogastric 
nrrvea  also  contain  several  iiihibi  to  motor  libers. 

The  sjilnnclinic  ihtvc— the  grrnter  derived  from  the  sixth  to  the  ninth,  and 
the  lesser  from  the  tcnih  and  eleventh  dorsal  gaoeha— is  (i)  the  inhitntory  nerve 
for  Uie  inlcslioal  cnovenicnis,  but  only  6o  long  as  the  blood  in  the  capillaries  has  not 
become  venous  while  the  circulation  In  the  intestine  remains  undisturbed.  If  the 
latter  conihtion  has  ansen,  irritation  of  the  Aplanchnic  causes  increased  pcristalsts. 
If  arterial  blood  be  introduced,  the  inhibitorj'  action  is  prolonged.  Irritation  of 
the  origin  cl  the  splanchnic  nerve  in  the  ilorul  cord  also  produces  the  inliibitory 
effect  under  analogous  circumstances,  even  in  the  jiresence  of  irritation  of  the 
spinal  cord  as  a  result  of  strychnin-poisoning,  with  ihc  occurrence  of  general 
tetanic  convulsions.  0.  Nasse  uelleves  t?iat  it  mav  be  concluded  from  the  experi- 
ments that,  in  iiddition  to  these  readily  exhausted  inhibitory  flberit.  paralyzed  by 
venosity  of  the  blood,  there  arc  prcsi^nt  (i)  motor  fibers  that  are  excitable  for 
a  longer  lime,  inasmuch  as  stimulation  of  the  splanchnic  nerve  after  death  always 
causes  pfristalsis  of  the  stomach  and  intestines,  as  does  stimulation  of  the  pneu- 
mogastric nerve,  (j)  The  splanchnic  nerve  is  also  the  vasi^motor  nerve  of  all  of 
the  arteries  and  veins  of  the  intestines,  inchiding  the  portal  vein,  thus  controlling 
the  largest  vascular  area  of  the  body.  Stimulation  of  the  splanchnic  nerve  causes 
coniroctioM.  its  <]iviMon  dilatation,  i>f  .ill  of  t>u:  intestinal  blnod-vesaebi  possessing 
musclc>l)brr«  In  the  latter  event  an  enormous  accumulation  of  blood  takes  place 
in  the  intestinal  vessels,  so  thai  arnrmia  of  other  parts  of  the  body  results,  and 
in  consequence  even  death  may  lake  place  from  anemia  of  the  medulla  oblon- 
gata. (4)  The  splanchnic  ner\'e  is,  finally,  the  sensury  nerve  of  the  inu-stinea, 
and.  aa  such,  it  is  entreniely  sensitive 

Almost  all  the  celU  cf  thi-  s(>lar  plexus  arc  included  in  the  coutm  of  the  fibers 
of  the  splanchnic  niT\*e.  .Vicotin  paraU-zea  these  cells,  while  the  peripheral  fiber 
retains  jts  irritability. 

Stimulation  of  the  nervi  erigentes  causes  contraction  of  the  longitudinal  mtu* 
cular  libera  .ind  relaxation  of  the  circular  titers  of  the  rectum;  while  irritation  of 
tlic  h\poEa«iric  iicrvc.t  Iuik  ihc  opp<»Jte  cffrrl  according  to  Fcllncr. 

Stimulation  of  the  sigmoid  g>Tiis  on  the  cerebral  cortege  of  the  dng,  as  well 
as  of  ports  lateral  to  and  behind  it,  excites  intestinal  movements  through  tbc 
pneuinoga&tric  ncr\x-3.  as  does  likewise  stimulation  of  the  optic  tlialamus  Tnhibi* 
lory  libers  pass  from  both  of  these  situations  through  the  spinal  cord,  from  which 
they  molcc  their  exit  nenr  the  middle  of  the  dorsal  cord. 

The  drugs  that  affect  the  intestine  are  (t)  those  tliat  diminish  the  irritaliiltty 
ol  the  myenteric  plexus,  and  thus  decrease  peristalsis,  even  to  the  potnt  of  intes- 
tinal rest,  like  Itelludonrt.-i  (a)  thnw  that  stimulate  the  nerves  intiibiting  peris- 
talsis, and  paralyze  in  large  doses,  like  opium  or  morphin  The  druf^  of  these 
two  classes  cause  coostipaiion.     Elevation  oi  temperature  (also  dunng  fever) 
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diminishes  intestinal  pcrutalsts  through  irritation  of  the  s|)Unchnic  neTV«.  (3) 
Cnhtr  druga  8limulAt«)  the  motor  uppciratu*:  such  at  nicotin.  to  the  point  of 
iotestinol  cramps,  muscarin,  cAi¥«in  and  some  laxatives,  which  thus  act  ns  r-vacti- 
anU.  Th«  movement  excited  by  muscarin  can  be  neuiralired  by  airopin.  A«, 
in  conswjumcc  of  tb«  rapid  moviMncnt  cf  the  inicslinnl  contents,  the  coniatned 
Quit!  can  be  absorbed  in  but  small  measure,  the  frequent  evacuations  that  follow 
are  at  the  itanic  time  Uc^uid.  (4)  AmonK  purgatives,  mention  stioulil  be  made 
of  those  that  irrilale  the  intestines  directly,  such  as  cotocyntb  and  croU>n-oiI.  It 
\»  supposed  tliat  agents  of  tbis  kind  cause  a  watery  transudation  from  the  blood- 
vess^s  Into  tli«  intestine,  just  aa  cfoion-oil  also  cauaca  vehicles  on  the  external 
skin.  (5>  Certain  laxative  salts,  sodium  ntiphai«,  magnesium  sulphate  aiiJ  others. 
liquefy  the  intestinal  c[>ntentt  by  retainint;  for  their  solution  in  the  interline  th« 
water  of  the  intestinal  contents;  if,  therefore,  thc>'  arc  injected  into  the  blocd- 
vessels  of  an  animal,  constipation  may  even  result.  (6)  Calomel  (meTcurotia 
cfalonrl)  rvstricts  the  absorptive  power  of  the  vi-alls  of  the  jnl«ttine.  and  also 
putrefactive  decomposition  in  the  bowels.  Therefore  tie  fvcal  evacuattonx  are 
thin,  with  ItUle  odor,  and  of  a  greenish  color  from  admixture  of  unchanged  bill* 
verdin. 

THE  STRUCTURE  OF  THE  GASTRIC  MUCOUS  MEMBRANE. 

The  Kurfa^rc  of  Uil-  inucwu.t  iiiemliriim:  <.il  the  aiuiiLich  exJiibitj  numcrf.>iis  small 
depressions,  the  gastric  crypts  (dwcolK  nasiricJi',  Fijj.  110).  lineil  by  11  sin'^Ic 
layer  of  mucous  ^blet  cells  (Fig.  it».  d).  Thi.-sc  cells  arc  sharply  delimited 
at  the  cardiac  oriticc  from  the  stratified  squamous  epithelium  vi  the  esophagus; 
and  at  the  ^loric  extremity  from  the  (rue  cylmdrical  cptthvliiin)  of  the 
dijodrnum.  The  cells  with  almost  bomogcneouii  contents  arc-  provided  with 
elliptical  nuclei  containing  nucleoli.  Between  their  narrr.wcd,  kiwer  ends  ore 
scnttercd  oblong  (ir  spimlle- shaped,  un encapsulated,  nucleated  elements,  exhibiting 
mitosis,  which  are  intended  to  n-place  di-»'iuiitiiaied  celln.  All  cells  are  completely 
open  upon  their  free  surface,  so  that 
nothing  prevents  the  escape  of  the  mucus 
claborati-d  by  mncmis  m(.-i;imoiTif)sis  fn>m 
the  cell -protoplasm       The  simple  tubular 

f&»tnc  slands.  gener.<tll>-  several  in  num- 
«r,  empty  into  the  bottom  of  the  ciutric 
csypts.  They  occur  in  two  diScrcnt 
forms: 

I.  As  true  gastric  Inlands,  peptic  ;;lanriE 
of  the  fundiiu  <Pi|;;.  114),  wfiicii  numhuT 
about  fivo  millions,  the  largest  being 
present  in  the  fundus.  The  sirvtcturekss 
membrana  propria  of  simple  tubular  form, 
haa.on  i(s  internal  mrface.  tivo  different 
kinds  of  cells:  (a)  ilicdiicfcclb  (Fig.  iii, 
1 1.  a\  the  adelomorphous  cdla  of  Rollctt; 
sra.-dl.  \inencup9ulatcd.  nacleoled,  pak- 
cells  Iving  close  togothfr,  lining  the  inner 
lumfW  of  the  glands,  and  (6)  larger, 
mainly  scattered,  plainly  projecting  parie- 
lalcelU  (KiK  lit.  II.  h).  the  delomorphous 
cells  of  Rollett,  ovoid  nrcrrsccntic.  without 
a  mcmbr-inc.  darkly  granular,  readily 
si.'tined  wiili  oc^mic  udd  and  aniline-blue, 
containing,  at  limes,  several  nuclei.  They 
cause  bulbous  projections  of  the  mem- 
brana propria.  In  human  beinxs  the 
J>arietal  cells  arc  thought  to  reach  Ut  the 
uraen  of  the  spnees  within  the  gttinil  They  arc  even  found  .Mattered  under  the 
vpithclium  of  the  cr>pts  and  the  surface  of  the  raucous  membrane,  a«  well  aa  in 
isolated  pyloric  glantls.  Between  the  chief  cells  H'ctcttirv  spaces  are  prcs«it.  and 
likewise  netween  neighlxirins  parietal  cells,  while,  at  the  same  time,  wiili  the  latter 
delicate  branchina  and  anastomosing  passaccs  in  pan.  lead  from  the  excretorv 
duct  of  the  gtard  into  the  interior  of  the  parietal  cells  and  in  pail  form  a  network 
•urrousdiag  them 

3.  Only  in  the  's-icinity  o(  the  pylorus,  where  the  mucous  membrane  has  a 
'9 


Flo.  no,— ScrtioiuU  Vi*«  o(  Ihc  Oiatni:  Murout 
MtmbruK.  Shmiiut  ihr  Criinlikr  f>c[n«- 
nnu  at  ihc  <lu(nc  Crvp":  1.  s.  tbo  idmi 
nfomfitrm  [iru^ccihrok  vi  tlw  mucou*  iD«ni- 
brant  (Inun  >  doc). 
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of  n  variety  ot  finely  KrAiiular  aecrcling  cells,  which  rai»t  nearly  roemble  the 
cbicf  cells  oJf  Ihf  Inli-Klanik, 

3.  At  ihc  cardiac  orifice,  bIso,  there  lies  a  circular  layer  of  tubulca  without 
parietal  cells,  which  wcretv  diaitatic  fcrmeni. 

The  scanty  nujipiJrtiiiK  structure  of  the  Ki^'^ric  mucous  mcmbrtttic  consists  of 
reticwUr  connective  tissue  a-ith  Ifukocyte?,  mixed  with  1it>ril!ar\*  corneclivc  lissiic 
and  elastic  fibers.  The  mucous  tnrmhram'  po«;se5-M's  u  special  tnuicular  layer,  th? 
musculurit  tnucosne.  Thi<'  passes  as  a  rather  thick  uraitini  under  the  hiiKe  o(  the 
gland,  oflffn  exhibiting  an  inner  circular  unci  aii  outer  longitudinal  layer.     From 
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Fic.  1  ij.— Vtrttal  S«lirin  through  Ihr  flxiliit  Mri(c<i»  Mfrti1*rin*:  11  g,  lh«CTT(K»  of  ibf  .iirfiLC   p.  ili«  moulti* 

I  cmd  tc[li  (1);  ri  1' <  r  ,  intn.  'cii  ind  tspd> 
UtiM  dI  'he  mui-iuii  nirml>rnn':   >,  u|iiIUry  nHwurk  hir  iIk  pKUfi  af  the  niouih  nl  \hr  aUrJ  >tui:l;  d  d. 


E>l  thr  pi'iKK  lutjuln  ((tjniiu^  ^Und*!  miTi  {tirl'-ul  ctH%  fl)  irul  1 


ike  IjinpluiK  'i3mI*  ol   tlic  niuc»U9   nicmlir^nc,  puiiiia  "vc(.  at  (.  inlo  k  liUBc  uuok  tivnuiUwriunauUC 
rainvDUUun), 


this  Stratum  a  numlicr  of  bunilleu  i<r  htier<  }ia4.«  upward  between  the  ];i:tanilK  and 

xraund  t 

lubulc]!. 


xraund  thctn.     1'hey  appear  to  be  intended  lur  iM'tive  evacuation  of  the  glandular 
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Nua)erou.t  blond- vcsseb  (Pie.  114)  enter  from  the  flbiSllary  connective  t)S»iie 
of  the  sabniurosii  (n).  nirvnilout  into  a  longitudinal  cijiilhiry  network  (cc)  between 
the  glands,  and  reach  the  free  surface,  wlu-rc  they  aKam  form  a  fine  mcshwork  (i  i) 
}\iat  Milder  the  epitiioliuni,  and  through  the  mc6h<*^  i>f  which  the  i»uuth»  of  the 
ductc  (r)  make  the>r  appeftrance.  C^ollcctinfj  at  this  point  the  %'<ins  unite  in  the 
SUbmucoaM  to  form  irunfcs  of  considc-rable  sijw  (v). 


>«} 


n»  cji&ntic  jcicE. 


The  TrmplMtir  vtMds  <d  the  ^Mtric  mucom  mcmlasac  bepo  ratlKr  daw 
facMMh  iW  ■iiiilwr—ii  ■■  tadbaM  «r  looji  Iflt*  icnaMk—  (d  d).  thm  i 

lb*  vawa  m  aJjactt  towefarf.     Tlw  ncm  an  tbe  nme  a*  tbcae  ed  the  iaicstiae. 
Tie  mb—iLBW*  oobmu  e<  baninw  ttf  eenniKtiw  tiasc  viUi  ■Ucaie  fibers  «t>d 


THE  GASTRIC  JUICE. 

Tbe  nitric  jaice  is  a  taixly  ckAr,  odoiiess.  Irvorotatory,  readily 
ffitCTed  fend,  wth  a  mon^  add  Pwction.  an  add  taste  and  a  chaiacter- 
ittie  odor.  Prora  tbe  pnseoee  cf  frae  hydrodiloric  acid,  it  connteracts 
patrefaction  aad.  m  port,  fenucatation.  Its  specific  gravity,  when  tbe 
■tomacti  b  empty  (Castiiig).  ranges  between  1004  and  1006,5  •  after  tlie 
iagtixioa  ot  food,  from  loio  to  loao,  and  TDore  tiun  loao  when  tbe 
productios  of  acid  is  dimtatsbed.  Its  amount  was  said  by  Beaumont, 
in  1S43,  from  observations  upon  a  human  being  with  a  gastric  fisti^ 
to  be  only  ifto  gnau  daily.  According  to  GrunewaJd.  in  1853.  it 
was  estimated  in  a  similar  case  to  be  36.4  per  cent,  of  tbe  body-weight 
in  twenty-tour  bonn.  Finally  it  was  placed  by  Bidder  uid  Oai 
Sdunadt.  after  comparative  observations  upon  dt^.  as  6}  Idlogtanss  in 
the  day,  corrc^xKiding  to  -^  of  tbe  body-weight.  Tbe  gastric  juice 
contains: 

I.  Pepsin,  the  characteristic,  nitrogenous.  bydro]}-ttc  ferment  or 
enzyme  that  dissolves  proteids:  from  0.41  to  1.17  per  cent. 

a.  Hydrochloric  acid  occurs  free  in  tbe  gastric  juice :  from  o.a  to  0.3 
percent. 

3.  Lactic  acid  may  also  be  found,  either  from  fermentation  of  carbo* 
hydrates  (fermentation  lactic  acid)  or  from  being  dissolved  out  of  the 
meat  of  tlie  food  (sarcolactic  acid). 

lU&ctioos. — Hydrochloric  acid  alone,  uid  ia  the  fr«e  state,  is  identified  by 
Guiuburg's  TtA^tal:  To  a  f«w  dfope  of  AlMrred  gastric  juic*  an  cooal  number  ol 
dr»p«  of  k  solutuMi  of  s  n-iuns  of  phloroglucin  and  i  ^rtsa  of  vaniliiii  in  30  gruns 
ot  alcobol  Arc  added,  md  tbe  mixture  it  eva^]>orBt«d  tn  a.  porcelain  disb  over  tb« 
water-bAth.  with  cb«  devdoptnmt  of  a  rose-red  color.  Rcsorcin.  9.;  grams,  dis- 
■olved  in  $a  grams  of  dilute  alcohol,  with  addition  of  1.5  grams  a  cane^onr. 
may  ttc  employed  in  a  manner  analogous  to  the  foregoing  rcngcst.  Ulcewise  giving 
mt  to  a  red  color. 

Kfoeiwn  far  Lottie  AtiJ.—A  freshly  prepared  blue  mixture  of  10  cu.  cm.  of 
a  4  per  cent,  solution  of  carbolic  acid,  wiili  10  cu.  cm.  of  distilled  water  and  one 
dro|f  of  ferric  chlorid.  b  colored  yellow  by  lactic  acid.  To  5  cu.  cm.  of  the  gaitric 
juice  to  be  tostcd  1  or  >  drops  ot  bydrochloric  acid  are  add«d,  and  the  mixture  is 
evaporated  over  a  fr«>  flam«  to  the  thickness  of  sirup.  The  residue  is  extracted 
with  a  little  ether,  is  then  poured  into  a  reagent  glass  containing  5  cu.  cm.  of 
water,  one  drop  of  a  ^  per  cent,  colution  of  feme  chlorid  is  added,  and  the  mixture 
is  shaken.  A  green]Eh')-cllow  color  appears  even  when  t  part  of  lactic  acid  in 
1000  is  present  The  gatiric  contents,  evaporated  to  the  consistency  of  sirup,  to 
expri  the  alcohol,  are  extracted  by  shaldng  with  ether.  The  filtrate,  on  addi^n 
o(  an  alcoholic  solution  of  iodin  and  being  heated,  yields  iodoform,  in  conscquoKe 
of  the  formation  of  aceuldcliyd  from  tfa«  Tactic  acid. 

Hydrochtoric  acid  and  organio  acids  together  yield  the  following  rcactioos. 
To  dcmccutrale  the  total  free  adda  (those  not  combined  with  albumin),  Caajpt- 
red  is  used,  also  in  the  form  of  reagent-paper.  It  indicates  the  presence  of  me 
hydrochloric  acid  or  a  considerable  amount  of  free  organic  acids  by  bccosntng  blue 
in  color.  The  tame  Inforntalion  Is  afforded  by  dark-red  benzopurpurin.  which  is 
changed  to  a  violet  color,  and  also  by  tropaeolin  OO.  A  little  of  a  concentrated 
alcoholic  solution  of  the  latter,  heated  with  4  drops  of  gastric  juice  in  a  disfa.  yields 
a  bhilfth- violet  slain. 


I 


TUB   SECRETION    OP    THE    GASTRIC   JUICE. 


aw 


4.  For  a  considerattun  of  the  milk-fermeTit.  reference  may  be  made 
to  page  300. 

5.  The  large  amount  of  mucus  adherent  to  the  surface  of  the  mucosa 
is  a  secretion  of  the  mucous  goblet-cells. 

6.  Inoi^anic  matters  are  present  in  percentages  (ox  humao  beings 
(and  for  dogs,  in  parenthesis)  as  follows:  Water,  994.40  (973.06);  hydro- 
chloric acid,  o.ao  (a. 84);  calcium  chlorid,  0.06  (0,96);  sodium  chlorid, 
1.46  (a.8a):  potassium  chlorid,  0.55  (1.09):  ammonium  chlorid  (0.5): 
calcium,  magnesium,  and  iron  phosphates.  0.125  (*-7)-  Organic  matters, 
principally  pepsin,  are  present  to  the  amount  of  0.3a  per  cent,  (r.71). 

Of  forciKii  substances,  the  following  appear  in  the  gastric  juice  after 
introduction  into  the  body:  potassium  sulphocyanid.  iron  lactate, 
potassium  fcrrocyanid,  sugar,  etc.  Ammonium  carbonate  is  found  in 
the  presence  of  uremia. 

THE  SECRETION  OF  THE  GASTRIC  JUICE. 

During  the  course  of  digestion  characteristic  changes  take  place  in 
the  chief  cells,  and  in  the  parietal  cells  of  the  fundus  glands  and  in  the 
cells  of  the  pyloric  glands. 

The  chief  cells  contain  granules  that  are  consumed  during  the  process 
of  secretion.  The  granules  contain  the  pepsin-forming  substance,  which 
is  transformed  into  pepsin.  The  size  of  the  chief  cells  diminishes  also 
during  secretion.  At  rest  these  cells  take  from  the  lymph,  material  for 
the  production  of  the  granules.  The  parietal  cells,  during  the  period 
of  secretion,  appear  first  to  be  swollen,  then  to  become  smaller.  All 
of  the  cells,  further,  arc  darker,  and  the  nucleus  of  the  cells  of  the 
pyloric  glands  moves  towand  the  center.  The  .secretory  ducts  become 
more  distended. 

In  some  animals  the  chief  cells,  during  secretion,  bear  a  fringe  of 
short,  hair-like  processes  (Tomier's  "brush-fringe"!). ^directed  toward 
the  lumen  of  the  gland. 

The  pepsin  is  formed  in  the  chief  cells.  If  these  are  swollen,  they 
produce  much  pepsin ;  if  shrunken,  they  produce  but  little.  The  pyloric 
glands  also  secrete  pepsin,  though  in  much  less  amount.  During  the 
first  stage  of  hunger  the  pepsin  accumulates;  while  during  the  period 
of  digestive  activity  it  is  eliminated,  as  it  is  also  when  hunger  is  pro- 
tracted. 

KlenieDBiewicK  femoved  the  pyloric  portion  of  the  stomach  of  a  dog  wJUi  two 
iitcisioru::  suLureJ  the  duodenum  10  llie  i-iomucli,  and  allowed  tlie  nylonc  portion. 
sliTl  in  communication  with  iot  Wcwfl-vcsscls.  to  hral  in  th«  abiiomina.1  wound, 
after  closure  of  its  lower  extremity  hy  suiurc^.  The  Eccrction  of  this  portion  of 
the  stomach  Wiu  viscid  and  alkaline,  containing  >  per  cent,  of  solid  matters, 
including  pepsin. 

The  glands  themselves  contain  no  pepsin,  but  only  a  zymogen, 
namely,  the  pepsinogcnic  substance  or  propepsin,  which  occurs  in 
the  granules  of  the  chief  cells.  The  zymogen,  of  itself,  exerts  no  influ- 
ence upon  proteids.  If,  however,  it  be  treated  with  hydrochloric 
acid  or  sodium  chlorid.  it  is  transformed  into  pepsin.  In  addition  to 
pepsin,  the  pepsinogcnic  substance  may  be  extracted  from  the  mucous 
membrane  of  the  stomach  by  means  of  water  free  from  acid.  The 
milk-ferment  also  originates  in  the  chief  cells. 

The  hydrochloric  acid  is  foimed  by  the  parietal  cells.     It  is  found 
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on  the  free  surface  of  the  mucous  membrane,  as  well  as  in  the  excretnr)* 
ducts  of  the  gastric  glands.  In  the  depth  of  the  glandular  tubules, 
however,  the  reaction  is  generally  alkaline.  'The  acid  must,  therefore, 
be  advanced  rapidly  from  the  depth  to  the  surface. 

Sarcolactic  acid  can  be  rapidlv  extracted  as  such  from  the  chyme. 
For  the  production  of  lactic  acid  through  fermentation  in  the  stomach  it 
is  necessary  that  the  carbohydrates  have  been  present  for  a  consider- 
able time.  This  does  not  occur  in  the  healthy  individual,  but  in  assn- 
ctation  with  great  diminution  in  the  production  of  hydrochloric  acid, 
stagnation  of  th?  ingei^ta  in  the  stomach,  and  interference  with  gastric 
absorption,  particularly  in  the  presence  of  gastric  carcinoma. 

Lactic-acid  bacUTin  nre  nlwiiyA  prcstsnt  in  tlio  tnoinach.  thniiEh  thrv  exhibit 
no  activity  in  the  )n«5aic«  of  healthy  gastric  juice  on  account  of  ihc  anti-fcrmvntii- 
tivc  influence  of  the  hydrochloric  acid.  Lactic  acid  dcwlojw.  howtwr.  only  ia 
the  abacnc*  of  (rco  hydrochloric  acid,  which  is  particularly  often  the  case  in  the 
presence  of  gastric  carcinoma. 

The  hydrochloric  acid  first  secreted  at  once  combines  in  the  stomach 
with  the  proteids  to  form  acid  albuminates.  These  do  not  yield  the 
color- reactions  of  free  acid.  As  the  secrution  progresses  free  hydro- 
chloric acid  makes  its  appearance.  It'  the  secretion  of  gastric  juice  be 
enfeebled  it  may,  therefore,  happen  that  the  production  uf  hydrochloric 
acid  is  not  suflicient  to  permit  of  the  appearance  of  free  hydrochloric 
acid. 

When  the  tests  for  hydrochloric  acid  In  the  stomacb-contcnta  arc  distinctly, 
erea  though  feebly,  positive,  sufTicifint  hydrochloric  acid  is  present:  an  unusually 
strong  reaction  is  indicative  o£  abnormaily  increased  production,  if  the  reaction 
is  wanting,  a  rfccinormal  hyrfrocMoric-acid  solution  is  added  to  a  measured  amount 
of  gaxthc  contents  until  a'di«tinct  reaction  is  obtained  by  Gtinxburg's  teat.  The 
amount  of  hyflruchliric  aciii  confiumed  is  then  prr^poTtional  to  the  degree  of  tho 
hydrochloric -acid  insufficiency  present. 

In  regard  to  the  production  of  free  acid,  the  following  appears  to  be 
established.  The  parietal  cells  secrete  hydrochloric  add  from  tite 
chlorids  that  the  mucous  membrane  takes  up  from  the  blood.  There- 
fore, the  production  of  hydrochloric  acid  ceases  when  the  chlorids  are 
withdrawn  from  tlie  food,  as  well  as  in  the  state  of  hunger.  The  active 
agent  in  this  connection  has  not  been  discovered;  yet  it  is  e-stablishcd 
that,  if  carbon  dioxid  acts  continuously  on  the  chlorids,  nevertheless, 
hydrochloric  acid  is  expelled  by  ihe  much  weaker  carbon  dioxid.  Maly 
and  others  assume  that  the  production  of  hydrochloric  acid  cakes  place 
within  the  parietal  cells  as  follows; 

aNa,HPO,  r3CaG,=Ca,(l'0,\+4NaCl  t  aHCI. 

The  bases  set  free  by  the  separation  of  the  hydrochloric  acid  are 
excreted  in  the  urine,  with  the  development  of  a  slightly  acid  reaction. 

When  the  stomach  is  empty  the  gastric  juice  contains  some  hydro- 
Chloric  acid,  but  a.  more  abundant  secretion  is,  according  to  E'awlow, 
brought  about  in  a  most  striking  manner  by  the  appetite,  and  also  by 
the  stimulation  of  the  food  under  natural  conditions,  as  well  as  by 
water,  meat-extractives,  and  even  by  indigestible  matters  when  intro- 
duced into  the  stomach.  Under  these  circumstances  the  mucous  mem- 
brane is  reddened  from  increased  activity  of  the  circulation,  so  that  the 
outflowing  venous  blood  is  lighter  in  color.  The  excitation  of  the  secre- 
tion is  a  reflex  process.     The  s«nsor>-  nerves  of  the  pharynx  and  the 
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BtoDiach  excite,  in  accotTipetal  direction,  tlic  medulla  oblongata,  which 
contains  the  center  for  this  reflex.  The  centrifugal  path  to  the  mucous 
membrane  traverses  tlit.pneumogastric  ncr\'es,  after  the  division  of 
whirh  the  reflex  is  abolished.  The  mucous  membrane  subsequently 
furnishes  a  moderate  amount  o(  a  feeblv  active,  paralytic  sectetion. 
During  sleep  in  the  stage  of  digestion,  the  amount  of  acid  increases. 

Hvideuhatii  fouud  in  cxperinic-nts  upvn  duifs — in  whicb,  ia  th«  »»aK  wityas 
the  pyloruc,  he  itulati-'l  th«  fundus  for  the  formation  of  a  blind  sac  ^that  mcchnn- 
icBl  irritRtinn  iTidiic<r<1  only  locjU  sccnlioa.  If,  however.  absorTition  of  digtsiwl 
KibfitancFs  took  place  at  the  point  of  irritation,  the  secretion  ^read  out  over  a 
larger  surface. 

Snuill  c|UBniitt«s  of  alcohnl,  introduced  Into  the  stomach.  incrcntM:  the  sccrelion 
of  the  gastric  )\iice.  while  laree  amounts  aboli&h  it  and  enfeeble  the  movemeDis 
of  the  stomach.  Fat  inhibits  the  secretion  of  the  Rastfic  juice.  Artificial  dijteslion 
is  somewhat  diitturlwd  by  alohcil  up  to  i  \Kir  cent,,  and  in  ^^ater  decree  by  to 
per  cent,  alcohol;  zo  per  cent,  alcohol  retards,  while  still  larger  amounts  abolish 
it.  Beer  &nd  wine  retard  digestion,  and  undiluted  they  prevent  artificia]  diges- 
tion. The  admin  istralicxn  of  turge  amonnt*  o(  ludiuin  ehfond  dirainishen  the  secre- 
tion of  hydrochloric  acid,  while  thi-  in^^cKtiun  af  much  KUgttr  only  delaii  it  .\fter 
two  Aaysoi  fasting  the  s<-crBtion  of  hydrochloric  acid  cea«rs  (in  the  doc)  Gastric 
ulc(Ti  cause  reflex  incrrase  in  the  production  of  hydrochloric  acid;  jaimdice, 
nervous  gastric  allections  and  anemias,  a  reflex  diminution. 

The  gastric  juice,  which  passes  into  the  duodenum  after  digestion 
is  completed,  is  neutralized  by  the  alkalis  of  the  intestinal  and  of  the 
pancreatic  juices.  The  pepsin  is  absorbed  as  such,  and  can  be  found  in 
small  amounts  in  the  urine  and  in  the  muscle-juice. 

If  the  gastric  juice  is  removed  completely  through  a  gastric  fistula, 
the  alk.ilies  in  the  intestines  become  so  abundant  that  the  urine  is  ren- 
dered alkaline. 

The  aci<l  gastric  juice  in  the  new-bom  is  quite  intensely  active.  It  moat 
readily  digests  casein,  and  next  in  order  fibrin  and  other  proteidt.  In  coniiequence 
of  excessive  acidity  of  the  ^Astric  juice,  large  nuufies  of  casrin,  dithcull  of  digestion, 
form  in  the  stomach  of  infants,  and  arv  especially  lough  after  the  ingestion  of 
cow's  milk 

The  following  druRS  are  excreted  by  the  gastric  juice  after  in  traduction  into 
the  lK>dy-juices:  Morphin.  %-LTatrin,  cancin.  'juinin,  Bntip>Tin.  chloroform,  chloral 
hydrate,  methyl-alcohol,  ethyl-alcoho)  and  acetonc. 

Cowifdruiiiv.— According  to  Klug.  tlie  parietal  cell.t  of  vTrtin-cating  WriU  iire- 
pare  also  pepsin,  in  addition  to  hydrochloric  acid.  The  gastric  s'^nda  uf  the  frog, 
whicJi  possess  only  pariet.il  colls,  likewise  secrete  pepsin ;  the  pyloric  glands  of  tne 
dog,  which  contain  only  chief  eells.  iieverthelesA  secret*  acid.'  Accordingly  both 
kinds  of  cells  secrete  hydrochloric  acid. 


METHODS  OF  OBTAmiKG  THE  GASTRIC  JUICE. 

THE   PREPARATIOn  OF  ARTIFICIAL  DIGESTIVE   FLUIDS;    DEHOHSTRA- 
TlOn    AlfD    PROPERTIES   OF    PEPSIN. 

To  obtain  the  gastric  juice  SpalliituaTii  haii  fasting  dogs  swallow  bits  of  sponge 
enclosed  in  perforated  leaden  cajisiiles.  jnd  uithdrvw  Iheni  after  they  had  become 
saturated  with  the  fjaitnc  jtiiee.  In  onliT  t<>  ]>rev'i-nt  ailinixtunc  with  the  secre- 
tions of  the  month,  thi-  ^ponire  is  best  introduced  through  an  opening  made  in 
the  eaophsgus  ligatcd  above. 

Beaumont  (iVj5'idj]l.  an  American  physiciiui,  was  the  first  to  obtain  gastric 
juice  from  a  human  being,  ih  the  ease  of  the  Canudinn  hunler,  Alexis  St.  Martin, 
whose  stomach  had  been  opened  by  a  bullet-wound,  with  the  lorm.itton  of  a  per- 
manent gastric  fistula.  Various  substances  were  introduced  directly  into  the 
Btomaeh  through  ilieojiening.  and  examined  fnwi  time  In  time  as  to  their  digestion. 

Guided  by  thix.  Bassow.  in  tSu.  was  the  firtt  to  establish  <in  artiticial  gastric 
fiattUa  in  a  dng  The  wall  of  the  stomach  is  opened  below  the  xiDlioid  process. 
and  the  margins  Ol  the  gastric  opening  are  united  by  suture  to  tnc  margins  of 
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the  wound  in  the  ulxlonaitiAl  walls.  A  sbort  luhe  with  a  terminal  pWtc  is  placed 
in  the  iJstula  in  &uch  a  munncr  that  the  plAte  lies  in  contact  with  the  margin  of 
llic  mucous  membrane.  'ITic  tube  poMcssce  a  Bcrew-tliread,  upon  which  an  appro- 
priiit«  cannula  can  be  so  bcrvwi-d  that  the  terminal  pUtv  li<:s  upon  the  abdominal 
wall  ouuide  of  the  margins  of  th«  wound.  The  parts  are  joined  in  the  foUowins 
manner  K  ^  As  •  rule  the  opening  of  the  cannula  i«  cartod.  If  in  such 
dogs  the  rxcn>toTy  ducts  of  the  saUvary  glands  ttn  additionally  Ufated,  unmixed 
goBtric  juice  is  secured. 

AccorUinji  toC,  A  Ewald  and  l.*ul>e.  dilute  Rastric  juice  can  be  ohtained  from 
human  beings  by  introducing  wattrr  into  the  empty  stomach  through  a  tube  that 
act&  like  a  siphon,  and  withdrawing  the  Huid  by  siphonage  after  a  snort  time 

An  important  ndrance  was  inaile  by  Ehcrle.  in  1834.  who  taught  that  artificial 
gastric  juice  could  be  prepared  by  extracting  pc^n  from  the  gastjic  mucous 
laembfiJie  by  means  of  dilute  hydrochloric  acid.  Dilute  hydrochloric  acid  scrvet 
(or  the  extraction  of  the  triturated  gaotric  mucous  membrane^^.088  per  cent,  for 
the  dt^stion  of  tibrin.  0.16  per  cent,  (or  the  digestion  of  coaguhtted  albumin — 
being  added  anew,  in  quantities  o(  a  half  liter  every  six  or  eight  hours.  The  later 
extracts  are  even  more  active  than  the  first.  The  fluid  collected  is  filtered  and 
in  it  are  placed,  at  the  temperature  of  the  body,  the  substances  to  be  digested. 
It  is.  however,  necessary  to  add  more  hydrochloric  acid  from  time  to  time.  That 
degree  of  acidity  aflccu  digestion  most  favorably  that  most  causes  the  proteid* 
to  swell.  According  to  Khig.  gastric  juice  conlaininf;  0.6  per  cent,  of  hydro- 
chloric  acid  and  o.i  per  cent,  ot  pepsin  is  most  ctTcctive,  Pepsin  fnnn  dogs  i* 
«8pecia]ly  active.  Digestion  pursuca  a  favorable  course  between  37*  and  4*  C; 
while  it  ceases  in  the  cold,  ae  v/dl  as  at  higlicr  temperatures. 

The  hydrochloric  acid  employed  may  be  replaced,  to  a  certain  extent,  by 
other  hnlogcn -acids,  whose  activity  is  inversely  proportional  to  their  molecular 
weight ;  further  by  from  six  to  ten  times  as  much  Inctic  acid:  by  nitric  acid;  in 
a  much  less  effective  manner.  Ilnally.  bv  oxalic,  sulphuric,  phosphoric,  acetic, 
(onnic.  succinic,  tartaric,  and  cilric  acids.  In  general,  the  Jicids  with  greater 
aciilit^'  act  more  powerfully,  with  the  exception  of  sulphuric  acid.  The  action  of 
the  diftcrent  nclos  vorica,  however,  accoraingly  as  Rorin,  casein,  solid  or  liquid 
albumin  is  employed. 

V.  Wittich  showed  thai  pure  pepsin  can  be  extracted  from  the  gastric  mucous 
membrane  by  means  of  glycerin  aUv.  After  cleaning  the  mucous  membrane,  it  is 
left  in  alcohol  for  twenty-four  hour*,  then  dried,  pulverised  and  sifted,  and  then 
extracted  for  a  week  in  glycerin  On  addition  or  alcohol  to  the  filtered  extract 
pepsin  is  precipitated,  and  this,  dissolved  in  dilute  hydrochloric  acid.  ^Selda  acliva 
gastric  jujce. 

The  preparation  of  pcrftcUy  putt  fxpnn  has  been  efTected  by  W.  Kuhne  by 
exposing  oomminutcd  jiic*  stomachs  to  niitodiecstion  with  dilute  hydrochloric 
pcid  at  Mic  temperature  of  the  body.  The  mass,  which  is  for  the  most  pail  liquefied, 
is  saturated  with  ammunium  sulphate,  bv  which  pepsin  and  albumoscs  still  present 
are  precipitated.  The  residue  collected  on  the  filter  is  again— and  if  necessary 
repeatedly — digested  in  the  incuhator,  after  addition  of  dilute  hydrochloric  add. 
If,  finally,  all  of  the  albumin  has  been  converted  into  p<-ptone,  the  (K-psin  alone  it 
pracipitatcd  by  repeated  saturation  with  ammonium  sulphate,  and  is  collected  on 
the  filter.  It  is  dissolved  in  water,  its  salts  are  removed  by  dialysis  and  it  is  finally 
precipitated  in  ii  pure*  state  by  alcohol.  BrOcke  had  previously  pr^parei]  pure 
pcpsm  by  causing  a  voluminous  precipitate  in  the  digestive  mixture  includingthe 
pepsin,  and  separating  the  latter.  Pek^haring  found  that  a  strongly  active  artj- 
noal  gastric  juice,  on  dialysis  with  water,  catued  the  separation  of  a  precipitate 
of  pepsin. 

In  all  the  processes  of  extraction,  the  yield  of  pepsin  is  greatest  when  the 
mucous  membrane,  protected  from  putrefaction,  ia  exposed  to  the  air  for  some 
time,  as  subsequently  propepsin  and  pepsin  are  formed  in  the  glAnd^cells. 

Pure  pepsin  is  a  colloid  substance.  It  does  not  yield  the  reactions 
of  albumin  to  the  following  tests:  It  rines  not  respond  to  the  xantho- 
proteic test,  i"?  not  precipitated  by  acetic  acid  and  potassium  ferrocyanid, 
by  tannic  acid,  mercuric  chlorid.  argentic  nitrate  or  iodin.  In  other 
respects  it  is  to  be  included  among  the  albuminoid  substances.  Pepsin, 
vhen  heated  to  a  temperature  of  from  55*  to  60'  C.  or  above,  in  acid 
solution,  is  rendered  inactive. 
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THE    PROCESS    AND   THE    PRODUCTS    OF  GASTRIC    DIGESTIOW. 

Tiie  mixture  of  finely  divided  food  and  gastric  juice  is  designated 
chymte.     Upon  this  the  gastric  juice  exerts  its  action. 

ACTIOH  UPOH  PROTEIDS. 

The  pepsin  and  the  free  hydrochluric  acid  are  capable  of  tranafonniflg 
the  proceids.  .-it  the  temperature  of  the  body,  into  a  readily  soluble 
modification  that  has  been  designated  peptone.  In  this  process  the 
proleids  are  changed  first  into  bodies  possessing  the  cliaracter  of  synto- 
nins,  and  in  this  condition  the  soHd  proteids  are  swollen.  Syntonin  is 
an  acid-albuminate.  By  neutraliration,  with  cautious  addition  of  an 
alkali,  the  albumin  is  precipitated.  Ther,  by  combination  with  water 
and  division  into  numerous  small  molecules,  a  product  results,  which 
is,  to  a  certain  extent,  an  intermediary  body  between  albumin  and 
peptone — the  albumose  of  W.  Kuhne  an<l  Chittenden  (propeptone  of 
bchmidt-Mulheim),  This  is  soluble  in  water,  readily  soluble  in  dilute 
acids,  alkalies  and  salts.  These  solutions  are  not  precipitated  by  boiling, 
but  by  acetic  acid  and  potassium  forrocyanid.  as  well  as  by  ac«tic  acid 
and  saturation  with  sodium  chlorid  or  magnesium  sulphate.  Albumose 
is  precipitated  by  nitric  acid,  but  it  is  redissolvcd,  with  the  production 
of  an  intense  yellow  color  when  heated,  and  it  is  again  precipitated  on 
cooling.     Some  ulbumoscs  po5Ecss  difTusJbility. 

With  the  continued  action  of  the  gastric  juice,  the  albumose  passes 
over  into  soluble  and  readily  difiusible  peptone.  The  unchanged  pro- 
teids behave  tovvanl  the  peptones  us  anliydnds  with  a  large  albumin- 
molecule.  The  production  of  peptone  and  its  solution  r«sull,  therefore, 
from  decomposition  with  the  taking  up  of  M-ater,  brought  about  by  the 
hydrolytic  ferment,  pepsdn-  This  action  takes  place  best  at  the  tem- 
perature of  the  body. 

According  to  W.  Kikhne.  the  prolcid  molecule  contains  two  different  suVstmion. 
namely  hemi-albumin  and  anti-albumin.  By  the  action  on  these  of  hydrochloric 
Acid  fyntonin  ir  produced.  This  is  next  bniken  tip  into  the  two  primary  albu- 
moMs:  protalbiimosc,  soluble  in  wattrr,  and  bctcro-albumosc.  KoJublir  m  salt- 
Mlutions.  Both  arp  then  transformed  into  deutero- album oscs.  which,  in  contra- 
distinction t«  the  primary  iilbumutes,  are  not  precipitated  in  neutral  solution  by 
faturation  with  sndium  chlorid,  Reulcro-albnniose  in  contraiHstinction  to  pro- 
lalbumose  is  not  precipitated  by  copper  sulphate.  The  dcutero-albumoKS  are 
then  decompoitodintoptrptonca:  liemipeptoneandantipe]itoiie. 

The  pepsin  enters  into  intimate  relations  with  the  proteid  molecule. 
The  greater  the  amount  of  pepsin  present,  themorc  rapidly,  to  a  certain 
degree,  does  digestion  take  place.  The  pepsin  itself  undergoes  aluiost  no 
change,  and  if  care  is  taken  to  keep  the  amount  of  hydrochloric  acid 
always  the  same,  it  is  able  to  digest  new  amounts  of  albumin  (one 
part  to  about  500,000  parts).  Nevertheless  some  pepsin  is  consumed 
in  the  process  of  digestion. 

The  proteids  are  introduced  into  the  stomach  either  in  a  liquid  or 
in  a  solid  form.  Of  the  liquid  proteids  only  casein  is  at  once  coagulated 
in  solid  form  and  precipitated  and  then  redissolved.  The  other  liquid 
proteids  remain  liquid,  arc  converted  into  the  condition  of  syntonins, 
and  then  immediately  into  albumoses  and  finally  into  peptones,  that  is. 
actually  digested. 

Uncoagulatcd  and  coagulated  proteids,  globulins,  fibrin,  some  forms 
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oE  vttdHn.  cbondnKcn.  collagca,  «ad  dastio.  though  «ith  difficulty,  ue 
in  the  same  war  crraverted  into  albumoeeE  and  peptones;  while  neuro- 
kcrabn.  keratin,  and  nuckis  nxoatn  ondigested. 

During  ihe  digeaUoo  o(  albamtn.  aluorpuon  of  beat  takes  place. 
dnnpRstrable  by  the  tbennometcr.  Accordingly  the  temperacnre  of  the 
chytne  is  the  stomach  faUs.  in  the  course  of  rwo  or  three  hours,  from 
o-j'tooA'C. 

The  ooacnUted  proteid*  may  be  de«ig3aated  the  anhrdrids  of  the 
bqnid  pvoteids  and  the  latter  in  tarn  the  anh^-dnds  of  the  peptones. 
Thai  Um  pepcoaus  represent  the  highest  possible  stage  of  hydratioa 
the  proteid  bodies. 

PeptOBM  aar  abo  be  ofa««iocd  frocn  prouxls  with  tbc  aid  til  waA  acmU ' 
BHttDy  caw  Byandoo,  particouny  oy  treaUDcu  wrtli  n[*rn>Bii<1.  Buan  npot. 
thro^ch  the  actt«a  «<  Kixfog  ac>ds.  caaAk  alkahc*.  Iccneote  ot  putR^ctMM  sod 
went  otfacr  fannents.  at  wcO  u  bjr  oaonc. 

The  pvoteid  anhydrids  may  be  reconverted  from  this  stage  of  hydra- 
tioo  by  the  abitraction  of  water. 

By  beating  vitb  acvfic-acid  aahydnd  ai  a  tcmpenttuiv  of  So°  C  pcptooe  s 
trandcv^wd  iau>  lyntoniB.  Abo  by  bcauns  to  a  tcmpovtsre  o(  i;e°  C  ,  throagh 
tbt  actiaa  of  the  olvaaic  cwrmt  in  tbc  prwocc  vi  fodran  clilond.  and  thr<M(b 
the  ^akm  ot  akoool  together  trith  cAlts,  protnne  is  retruttfonned  tato  albtuniB. 
AlbtmMKe  waa  thug  first  er«n  tn  mvtt  from  fiDrin-prptonp 

Properties  of  Peptones. — ( i )  They  are  readily  snd  completely  soluble 
in  water.  ( a )  They  diffuse  readily  through  memiiranes,  more  rvattilv  than 
propeptooe*.  (3)  They  also  filter  much  more  readily  than  albumin 
through  the  pores  of  animal  membranes.  (4)  Frf»m  a  mixture  of  pep- 
tone, propeptooe,  albumin  and  pepsin,  lirst  neutralized  and  then  feebly 
acidulated  with  acetic  acid,  neuiraJ  ammonium  sulphate  added  in  excess 
precipitates  everything  except  peptone.  (5)  Peptones  are  not  precipi- 
tated by  boiling,  or  by  nitric  acid ,  or  acetic  actd  and  polassiimi  ferro' 
cyanid.  or  by  acetic  acid  or  by  saturation  with  sodium  chlorid,  (6)  They 
are  precipitated  by  phosphotimgstic.  by  pbosphomolybdic  acid,  and  by 
biltan'  acids:  precipitated  by  tannic  acid,  tiiey  are  redissolved  in  an 
exce«  'rtber  precipitating  agents  are  mercuric  chlorid  and  nitrate, 
mtrcuriciodid,  potassium  iodid.  (7)  Theyyield  all  of  the  color- reactions 
of  allmmin,  (8)  With  sodium  hydrate  and  copper  sulphate  in  the  cold, 
they  give  a  purple-red  color  (biurct-reaction). 

The  biurct-reaction  is  yielded  also  by  propcptonc.  as  wrl]  as  by  a  proteid  body, 
tbe  *o-caUed  aJk'jphyt.  foniwd  coincidcnily  in  iht-  proceed  «f  artitkHal  <iifie»tio«i  and 
iolublc  in  ftronpc  alcohol.  Gria(in-|.>rpt«nv  luul  gdatin  are  imxifitahte  by  iri- 
chloraccttc  acid,  white  albumtn  peptone  i«  reditsnlvc^i]  in  An  t-xc^*i  of  this  arid. 
Thi«  u  a  useful  means  of  difTen-miating  1hc«e  prpt/»irs  The  peptones  of  the 
various  proieid  bodi«  are  dusttng'jiihfd  d>'  the  amount  of  sTtljihur  they  cvntain, 
with  Bonw  of  which  thi«  KulistMKre  is  Uit  l(><i«>ly  comlitned.  while  with  othen 
it  is  firmly  united.     AU  havi-  a  disajirr'aliV  jii.!  IiiUcr  TiiMC. 

In  order  to  dcmunslruic   llic  i..;  l  rin  is  di'.:  '"* 

gastric  juice.  GrOnhaecn  pUee«  in  .1  :■  .  ..  — ^  ItaabcCT  j-  ■}^ 

o.t  per  cent.  bydfocTil(>f>c  aci<<  ^j^^^figf^^^g^^gg^^\c\^M 

rapidity  with  wnich  ihr  librio 
enlire" 


per  cent    Itydrdrhlom.'  "■  i-l,  andjj 
the  latter  bocomrc  ct 
the  inore  eaergi?' 
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■  cu.  cm.  are  taken.  $  cu.  cni.  of  {nmtric  Juice  being  added  to  the  nnc  Aiui  s  cti.  cm. 
ol  wittrr  \f  the  other.  The  rnixturvs  arc  prmrH  int"  Estinch's  lubes  up  to  ih« 
mark  f.  JJoih  tubes  Are  then  kcpi  for  one  hour  at  «  xcmpcraiurc  of  37*  C,  after 
«'hich  Esbach'e  rtrnK^^t  is  added  u|)  tu  Uic  kvel  uf  Ihc  nuirk  R.  and  tiic  amvunt 
oflhcprecipitntc  in  Wth  tubes  i»  noted  «ftcT  thelapiwof  twc-nty-f<mr  hours.  Pep- 
tone i»  not  precipitated.  Chronic  sastric  caiarrh  and  carcinoma  yield  low  digestive 
values,  while  hypersecretion  o(  the  gastric  juice  may  increase  the  digestive  in- 
lersiiy. 

Frt furaiiaii  oj  Purt  /'.-pWiM,— The  clilutnl  ilip-rtivc  «ohiti(>n,  ln*r(i  fnvm  albu- 
minates by  boiling,  and  with  an  almost  neutral  reaction,  is  hnt  saturated,  while 
boiling.  With  ammonium  au^ihatc.  ^tcrcd  when  cool,  again  licated.  after  beginninx 
to  boll  made  strnnKly  alkaline  by  adding  ammonia  ami  ammonium  carmnutc, 
aKaiti  saturali-d  in  the  heat  with  amttiimium  sulphate,  lihcrcd  after  cooline.  again 
hi-aied  until  the  odur  of  ammonia  baa  disappeared,  again  saturated  with  Uic  ^t. 
hot,  and  ncidututed  with  acetic  acid.     The  fluid,  ltlt<.-rvd  in  the  cold,  contains  pure 

The  peptones  are  unciotihtcdly  those  mcwJifications  of  proteids  that 
'  are  intended,  tiftor  absorption  from  the  digestive  tract,  and  later  throtifih 
the  blood,  to  be  employed  to  replace  the  proteids  consumed  by  the  pro- 
cess of  tnetabohsn  in  the  living  urgani&ro. 

If  much  allmniin  has  already  been  digested  by  lite  gastric  jtilce.  the  pepsin  is 
iirectiiitated  and  Ixtomes  inaclivc  if  some  hydrochloric  acid  is  not  again  added 
i  Irom  time  to  time.  Admiicturc  v-iih  bile  in  the  test-tube  impairs  the  activity  of 
Ifij  nevertheless  the  entrance  of  bile  into  the  otomach  caused  no  i>ermancnt 
^  cm.  as  renewed  anHiunis  "if  peprin  are  ai  iwice  secreted  by  the  sa.'^tric 
'mucouJt  membrane.  The  stonukch  digests  less  well  (vod  that  haa  not  been  thor- 
oughly masticated  or  projjerly  iiisalivoti-d.  Th«  preecncc  vi  bkud  or  of  serum 
prevents  the  action  of  pep*in.  as  well  as  of  irypwn  and  of  the  lab-fermcnl  Heated 
to  a  temperature  of  65"  C.  the  pepsin  m  the  gastnc  iuicc  becnmes  inactive,  pure 
pepain  even  at  a  temperature  of  55°  C.  Cuneentratea  acids,  alum  and  tannic  acid 
abolitih  the  pnxc^s  of  pqiiic  digestion.  .Mkaiinity  of  the  itastric;  juice,  lut,  for 
instance,  from  the  presence  of  larue  amount'^  of  suliva.  also  concx-ntrated  solution 
of  alkaline  salia.  such  as  sodium  chlorid,  magnesium  sulphate  and  sodium  sulphate, 
have  the  same  effect,  ax  do  al«o  sulphurous  and  anenuus  acitls.  and  potassium 
iodid:  while  small  amounts  of  sodium  chlorid  increase  the  secretion  and  favorably 
inilucncc  the  Miction  of  the  pepsin.  The  salts  of  the  heavy  metals,  which  form 
preeipitaU'S  withjiepsin.  pcptoneiaiid  mucin,  disturb  gastric  uiKestion.  According 
to  Lans:!cvand  baking,  alk.-Llie:'  raindly  destroy  pepsin,  and  propepsin  less  rapidly. 
Aeids  (as  laetie,  acetic  and  hydnvhloricj  procipilatc  the  en«tric  mueus  and  stimu- 
late the  secretion  of  peptin.  while  the  salts  of  the  alkqlies  have  exactly  the  opposite 
eBeet.  Alcohol  pivcipitates  the  pepsin,  although  this  is  rediuolved  on  addition  of 
water,  so  that  disestion  can  then  proceed  again  iindisturhed.  A^entx  that  hinder 
thorough  saturation  of  proteids.  as.  for  instance,  binding  them  lightly,  or  concen- 
trated solutions  of  a.%lnnKL'ni  .salts,  retard  digestion. 

The  ingestion  of  hiilf  n  lUer  of  coul  water  does  not  disturb  ga.slric  digestion  in 
the  healthy  individual,  though  it  docs  when  the  functioa  of  the  stomach  is  de- 
ranged, wliiLi-  the  tngcattun  (d  a  larger  amount  impairs  tbs  digestive  activity  of  the 
Ktomacb.  The  same  ePcct  is  brought  about  by  strong  muscular  action.  In  the 
horse  moderate  movement  (trotting)  assitts  Ihe  digestion  of  starches  in  the  first 
hour      Warm  eonipiesses  over  tlie  epigaiitrie  region  favor  gastric  digestion, 

AecordiuK  to  Penroldt,  the  digestibility  of  various  protoid  articles  of  food  by 
Uie  stomach  is  gi\*en  in  the  fulltiwintj  order.  Easily  dinfMMt:  boiled  brain  anil 
thymus.  piUc.  sea-fish,  carp,  oysters,  chicken,  lioited  piKe<7n,  raw  scra]>cd  beef  or 
Teal,  whcai-1  read,  caulifcwcr.  soft-boiled  egg  (cascio.  alkali -rilbuminatc) .  Dtgfil- 
ihlf  jiiik  r»i  ■,/<-'. Ml  «i!i-  l:Kiiled  luef  and  ve(U^  duck,  goirat.  pmk,  salt  potaioe*,  r^-c- 
btrad.  rue.  t.iii'  ca,  cispar.igus.  rapc-colc.  carrnts.  raw  cgvr.  purfe  of  legtimcs. 
DigtttMf  it  (fit  ij'.-,7i..^{i'(y.  ialmon.  snlt  fish,  highly  salted  cavinrc,  string  be.int.  hard- 
boded  '■eg.  The  liigestibilily  of  the  different  meats,  from  the  more  to  th<^  Icea 
■adily  digestible,  i*  as  fallows:  veal.  lamb,  mutton,  pork,  beef,  rabbit,  horse. 


J5C  ACTioy  VFos  oTHEs  roovs. 

ACTIOS  UPOfl  OTHES  FOOD&. 

Milk  coagulates  ii  the  sxccrach.  wit-:  -.he  l:"-«rat:o=  of  heat,  as  a 
r*i-il;  of  ;:-re:i;-:tat:oz  of  the  case*::,  whi-h  e:^cl:>5es  the  fa:  globules. 
T?x  fret  a,'.tc  of  the  rw»tr.ach  is  alo=e  ?sfhc:e::t  for  precipitation,  the 
alkali  :>eir.g  ■Kttr.'trairT:  fro=:  the  casein,  which  it  holds  i=  soi-^tio::. 

Han'.rr.arrten,  ir,  ii'2.  ciscovered  a  special  re:i=et-:er=:€=t  ir.  the 
gaitri':  ••lifjt.  which  coagulates  the  casein  ia  either  neutral  or  alkajine 
»o:utions-  On  this  fact  depends  the  preparation  of  cheese  by  rr-cans  of 
calf's  Etwr-ach  renset. 

Tl--» rtr.rtt  ii  fi-jTZT-^i  ir. Xsx ctitt  ct'^  -f'-htfaE^ric  elands  to=:  a  r«=::eT-:cr:nnig 
i-^br.arjL*,  '-.v  ir.e  ar.^i-j::  of  an  aci-i.  Th*:  rer^Jtr- :" : rrr.i^ g  su'::*:ar.ce  :5  rresent 
ir.  ■.;-.*  rr-'.-'-'j-is  :r.jtrr.r,Ta7:t  ;r;  — 'icl'.  larger  a~c-jr,l  than  renne;  -■**-(_  *^^  pant 
fji  T^.r.'T.-i'rrrr.'^.'  :e  "-.ajaM';  '.f -rtc:f:",a:in;  r:=.==«  ;:ar:a  of  cai^ir.  .  .-.t  a.ii'vloo 
of  calci'irTi  chl'-T.-i  Iva^'tTj.  ■srrclt  water  rttanis.  ccaculatic'n.  An  cxress  :■:  alkali 
im^airi  *r.«  W-t:"/:'.;.-  of  renn*;'..  TT:«  rmr.e'-Jem'.tr.t  ;s  i.^sz  aisis'.ci  iy  hydrrv 
ch.oric  at-.-i.  i'.'.'.'j-'-':''-    in  'T'ftr,  by  lactic,  acetic.  r.;:;;h-j:nc  and  rbrs;  h:rtc  acids. 


ti'/T..  :na:n;y  -xto  j*;.V/ne  rich  :n  pho«phorti5 :  a  resid-je  p<>cr  in  p&cephcr-.!*.  p« 
c'i'.>.T,,  re:y^r.ir.g  as  an  :nio;-^Mt  ;:r'>J-iCt. 

l?.";  rMir.tt-f«nr.ont  ;»  destroyed  by  l''«g-C'-ct:n-.:ed  an;r.c:ai  ti;i:*¥t:oa.  To 
obta:r-  reiine*.,  Han-.marEter.  a^tates  anir.cial  gastric  juice  f  repared  fr^ni  the  calTs 
•Vrfnacb.  and  aft*:r  ne'jtralizati'vn.  with  ma^esiun;  carV«5cate.  Thfi  liltrat*  contains 
oniv  renr.'-.,  -nhich.  after  acidulatir-n  with  acetic  acid,  is  pt^ecipitated  by  the  in- 
iT'y'.-i'.'-.'jn  of  liq-jid  sUaric  acid,  to  which  it  adheres  the  acid  is  dissolved  in 
eth'rr    v.hi'.h  can  then  be  readily  stT^arated. 

Firaliy.  sugar  of  milk  is  converted  in  the  gastric  juice  into  lactic 
acid,  1,y  ferrr.entative  activity — lactic-acid  terrrent.  Further,  the  milk- 
sugar  in  the  stomach  and  intestines  is,  in  pan.  transformed  ir.to  grape- 
sugar. 

Cane-iugar  is  gradually  converted  into  grap-e-sugar.  in  which  process, 
according  to  Ufielmann  the  gastric  mucus,  according  to  Leub-e  the 
gastrio  acid,  plays  the  most  important  part. 

ACTION  OH  THE  DIFFEREHT  TISSUES  AITD  THEIR  COHSTITDEirr 

MATERIALS. 

'i>  Tlt(;K':Iatin  yi'rlding  substance  of  the  vari^'us  supporting  structures — connec- 
tiv<;  ti'-KUfc,  libr'yus  cartilaKc  and  the  matrix  of  bone  as  well  as  glutin  itself,  is  pep- 
tM.:«'.-d  and  litjivhU-'l  in  the  ga.stric  juice.      'i,i   The  structureless  membranes  (mem- 
brar:ae  propri.'i,-;   '•(  ih*:  E'an'ls.  sarcolemma,  the  ncrve-sheath  of  Schwann,  the 
tapjTiic  i,f  ihc  crystallini;  li.-ns.  the  clastic  layers  of  the  cornea,  the  membranes  of 
the  fat-cells,  are  likewise  diK'-sttd.  but  scarcely  the  elastic,  fenestrated  membranes 
and  Liters,      (3)  Striated  muscular  tissue  forms  after  digestion  of  the  sarcolemma 
and  bPraking  up  of  the  transvcrs*;!/  striated  contents  into  discs  and  fragments  of 
fibril  i  a^i  well  as  un striated  muscular  tissue,  a  true  digested  peptone,  in  consequence 
of  hydration  and  the  decomposition  of  the  myosin.      Remains  of  meat,  however. 
always  pass  over  into  the  intestine.      UJ  The  proteid  elements  of  the  soft   cellular 
Btructiirci  of  the  glands,  stratified  epithelium,  endothelium  and  lymphoid  cells,  are 
c'rnvrrti-r]    into  jjeptone,  while  the  nuclein  of  the  nuclei  cannot,  apparently,  be 
diKfrsti-'l       (^;  The  liornv  f<irtionsof  the  epidermis,  naiis,  hairs,  as  well  asihe  chitin 
and  the  wax  of  low.r  animals,  are  indigestible.      (6)  The  er>-lhrocyies  are  digested, 
the  lii-m'.Klol,in   (l'iomi...=;(il   into  hcmatin   and   a  Rlobulin-like  subst.nnce.      The 
latter  is  fii-p|f.tii/i  ■!.    'h--  f'-rm'T  rrmains  unchanged,  and  in  part  appears  in    the 
feces,  aiirl  in  j"-'rl  !■- ;ib-..ri..-.i  .-.iid  transformed  into  Uie  r.-.] -ring-mat tt-r  nf  the  bile. 
(j)   ThclibriTi  isirr-^lvii;- -lid  iril-i  jt..]..  [.t.mi  an.l  ;,l,rii!-pfpt""''l-'y  ""^  t'lkinp  up 
of  water  and  the  bn.ikii,-  u):  ■■i  \h--  nvAicnlr.      Mw.n  i.-;  .liir.slcd  in  the  stnniach. 
(8)   Of  vcgt-IaM.-   .-irtiil.-    '.f   f-Md,  \v-i.t;i!.l.    fa(-arv    not  changed    by  the    ijustric 
juice.     The  vegetable  ci-lK  j.'ive  up  their  pr-t'^iilasinie  contents  for  the  prod\iction 
of  JH-ptone.  while  lln-  <-ellulM-..>  :,i  till-  rrll-walU  i-  undii;i'stiMc  m  the  sfitii.^ch    ot 
human  U'ings 
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That  the  stomach  is  also  capable  of  digesting  parts  of  a  living  body  is  shown 
by  the  fact  that  the  thigh  of  a  hving  frog  or  the  ear  of  a  rabbit,  introduced  into  a 
gastric  fistula  in  a  dog,  will  be  partly  digested.  The  edges  of  gastric  ulcers  and 
fistute  in  human  beings  are  also  eroded  by  the  digestive  activity  of  the  gastric 
juice.  The  question  was  early  asked.  Why  does  the  stomach-wall  not  digest 
Itself?  As,  after  death,  the  mucous  membrane  is,  in  fact,  often  rapidly  softened 
by  autodigestion  (gastric  softening),  the  opinion  is  justified  that,  so  long  as  the 
circulation  is  maintained,  the  tissues  are  constantly  protected  against  the  action 
of  the  acid  by  the  alkalinity  of  the  blood.  If  the  reaction  of  the  gastric  juice  be 
alkaline,  digestion  cannot  be  inaugurated.  Ligation  of  the  blood-vessels  of  the 
stomach  resulted,  according  to  Pavy's  investigations,  in  digestive  softening  of  the 
gastric  mucous  membrane.  In  human  beings  morbid  occlusion  of  the  vessels 
causes,  in  an  analogous  manner,  the  development  of  gastric  ulcers.  Also  the  thick, 
firmly  adherent  layer  of  mucus  may  help  to  protect  the  uppermost  layer  of  the 
mucous  membrane  against  autodigestion.  In  general,  however,  the  conditions, 
with  respect  to  all  peptonizing  ferments,  are  such  that  fully  living  protoplasm, 
therefore  also  that  of  the  epithelial  cells  of  the  stomach,  possesses  the  property 
of  being  able  to  resist  the  action  of  enzymes,  as  it  is  capable  of  decomposing  all, 
even  the  most  complicated,  molecules  of  inanimate  substances.  Amixbfe,  bacteria, 
worms,  larva;  and  embryonal  vegetable  cells  are  not  affected  by  artificial  digestive 
juices,  not  even  by  trypsin. 

After  extirpation  of  the  stomach,  digestion  is  continued  by  the  pancreas,  the 
liver  and  the  intestines-  The  stomach  is  a  protective  apparatus  with  respect  to 
the  intestine,  as  it  removes  various  injurious  influences,  particularly  of  bacterial 
origin. 

THE  GASES  OF  TEE  STOMACH. 

The  stomach  always  contains  gases,  derived  in  part  from  air  directly 
swallowed,  as,  for  example,  with  the  saliva,  and  in  part  from  gases  that 
pass  backward  from  the  duodenum. 

If  the  larynx  and  the  hyoid  bone  are  suddenly  drawn  forcibly  forward  (as  in 
vomiting),  a  considerable  amount  of  air  enters  the  space  behind  the  larynx  and 
when  the  latter  returns  to  its  position  of  rest,  is  carried  down  by  the  peristalsis  of 
the  esophagus.  One  can  fee)  distinctly  the  downward  passage  of  such  a  quantity 
of  air.  At  times,  even  without  any  movement  of  deglutition,  a  number  of  small 
air-bubbles  enter  the  stomach. 

These  masses  of  air  constantly  undergo  change,  owing  to  the  absorp- 
tion of  oxygen  into,  and  the  elimination  of  carbon  dioxid  from,  the 
blood.  The  rather  abundant  production  of  carbon  dioxid  in  the 
stomach  depends,  however,  on  chemical  processes  resulting  from  the 
admixture  of  the  pyloric  secretion,  containing  sodium  carbonate,  with 
the  secretion  of  the  fundus,  containing  acid.  According  to  Planer,  the 
amount  of  oxygen  is  extremely  small,  while  that  of  carbon  dioxid  is 
considerable. 

A  portion  of  the  carbon  dioxid  in  the  saliva  is  set  free  by  the  acid  of 
the  gastric  juice.     The  quantity  of  nitrogen  is  indifferent. 

GASES  OF  THE  STOMACH.     VOLUMES  IN  PER  CENT. 

(According  to  Planer.) 
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STRUCTL'RE    OF    THE    PAXCREAS. 


Aboomul  dcTelopmeat  of  gasn,  in  ca^'s  o{  gastric  caiarrh.  occurs  only  when 
the  reaction  of  the  gastric  contents  is  neutral.  Thus,  in  the  presence  of  butj-ric- 
ac:d  fermer.tation,  hydropen  and  carbon  dioxid  are  produced,  while  acetic-acid' and 
!ac^:c-ac:d  ft-rrr.entation  generate  no  gases.  Marsh-gas  (CH,^  also  is  found:  though 
:h's  can  reach  the  stomach  only  from  the  intestine,  as  it  can  he  produced  only  in 
the  absence  of  oxygen.  Traces  of  hvdrogcn  sulphid  generated  bv  the  bacterium 
c?'.:  cotr.Tiiur.t  ar<-  t'rrrtied  at  times  in  connection  with  benign  dilatation  of  the 
>t-rT7iach  ar.d  motor  :r.su:::c:er:cv.  Yeasts  and  various  bacteria  are  also  found  in 
:hp  s:'.:r.ach 

STRUCTURE  OF  THE  PAWCREAS. 

The  pancreas  is  a  compound  tubular  gland  with  terminal  alveoli 
which  constitute  the  chief  portions  of  the  gland.  On  the  internal  sur- 
face of  the  membrana  propria,  formed  of  fibrillar  tissue,  lie  the  some- 
what cylindrical-conical  secreting  cells,  which  consist  of  two  layers: 
(i)  the  smaller,  parietal  layer,  which  is  transparent,  lamellated.  stri- 
ated, and  can  be  deeply  staine<i  by  carmine,  and  (2)  the  internal  layer 
(Bernard's  granular  layer),  which  is  deeply  granular,  and  stains  but 
slightly.  Between  the  two  layers  lies  the  nucleus.  During  the  process 
of  secretion  a  visible  transformation  takes  place  continually  in  the  cell- 
substar.ce:  the  granules  in  the  granular  layer  undergo  solution  and  form 
constituents  of  the  secretion,  while  in  the  externa!  layer  the  homo- 
geneous substance  is  renewed,  and  is  later  again  transformed  into  granu- 
lar n".atter.  This,  in  turn,  again  moves  inward  toward  the  Itimen  of  the 
a'veolus. 
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s:r:j:<  ;  .-■.itir  r  r.-.  Fu"  ---  -■  '■''■  the  mv.t.'I  >;,e.;'.  ■ir  •:'.-.  :h,  -.i.i:th  t.-'  the 
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With  :he  ^'.\\.  '.:•.'  '.'r.-.T-  ;-  ■.  ■:'::.i.,".t.i  .iv.  ■,:■.: <.T-:.i..iry  v-ir;;  •:■  .•  ■'.■;:;:;:: id  •!  ll.it 
cclis.  ari'i  wh'.i-h  ':iv.. '.  ■,. •.-.•.:  tht-i-iriteri'i  ewry  .u'tT;-.',-;  l'\:i-.  .1  ~  r".  ;  -..ilTvarvviucl 
ltli'>'.VB.  -.v;-.h''Ut  >*.r-.atii  i;  ■.thL'.iusii  a*  '.:'.  ".!'.t  s.tS'.v.trv  c'-i"''.'^  Tr.  ■■.;  tl'.t  iv,:cro- 
ccnter  I'l  the  cc'.'s  ■.■■'  the  t-xcret-'Ty-duct  sys'.i";  ,1  e!''..i;iii  :..i^i '.^.:"".  tl-.i  I'Utor 
thread."  protects  i'tcc  into  the  lumen  01  the  can.il 


The  pancreatic  duct,  which  possesses  an  axial  ei'v.rM    ,iv..!  .is  .,  r-.;!i'  eiv.ftios 
into  the  duodmum  in  c"*n*nan  with  the  bile-duct.  ^.hux.  .1  >:v..i','i  r  'T.iv.eh  >'l  the 
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loillMat  a  hijrher  '.i\.'.  v-.;:--.>ts  ■•:  .m  inner. 
■aecti\*e  aiid  elastic  iis.Mie.  i.iiiether  with 


THE    PANCREATIC   JUICB. 


303 


: 


unstriatsd  muscular  fihpn  mainly  pitnaing  a  cireulur  counp.  and  lined  inieTnally 
!>>'  X  Mnt{lii  laytrr  of  cyltndrie^ii  epilheliuin.  Small  iTiiicotis  ijlaiuiii  lie  \n  tbv  main 
duct  xnd  in  its  liirgcV  branches  .VU'<hi1l.itril  ami  nmi-infiiwllatetl  nrrvt^.  which 
in  I  heir  course  aiv  connected  with  can>;liB.  pass  10  ihc  lelandular  acini;  but  their 
termination*  an-  unknown,  Bl(i<iit-vv-**cU  surround  ihc  acini,  in  p«rt  of  latKe 
MIC  and  in  nbiimliincf.  in  part  iviliilt-d .  The  fnssh  jiancrca^  Cf>ntnins  wattr. 
albuminates,  fcrmcnta.  fats  and  salts.  The  resting  gland  contains  much  leucin. 
isolcocto  and  tyrwin:  Iurih«r.  butal«iiin.  oft«n  xanihin  and  Kuanin^  lactic  acid, 
formic  acid,  fatty  acids:  most  ol  thew  from  aulodecompottition 

THE  PANCREATIC  JDICE. 

To  obtain  th*"  pancreatic  juice  Regner  de  Graaf.  in  lOftj.  tied  in  the  excretory 
duct  of  a  dog  a  cxnnuta  provided  with  an  empty  batt  ^^  ■'%  cxtrL-mily,  in  whicn 
the  i«ic(t  ciilkttefl  Others  |i.wscd  ihr:  lube  thnnigh  the  iil>ili>nnrinl  tvalb  exter- 
nally and  thus  made  a  transitory'  cannula -list  ula,  which  clo£cd  in  the  course  of  a 
f^w  days,  with  inHan»nia(vr>*  expulsion  of  the  extremity  of  the  cannula  that  had 
been  ttcd  in  place.  In  urder  to  establish  a  peniianvnl  liittila,  eithin'  a  duodenal 
(tstula  is  made,  like  a  gaKlric  listula,  thrr>uf:h  which  the  duct  rt{  Wirsiing  is  cathr- 
lerired  by  means  of  a  thin  tuhr:  or  the  duct  is  opened  in  n  dog  and  drawn  tnward 
(he  abdominal  wound  and  an  utleinpt  i&  made  Id  uniti^  the  wound  in  the  duct 
R'ith  the  alnlriminnl  wound  ku  ak  to  form  a.  Itt.tula.  l[<Hilenh;ttn  t-litninatcs  the 
portion  of  the  duodenum  in  which  the  duct  oi»cns  from  the  continuity  of  tho 
intestine,  incises  it,  and  lixca  it  outside  of  the  abdominal  wound. 

From  such  a  permanent  fistula  an  almmlant,  feebly  active,  watery 
secretion,  rich  in  sodinm  carbonate,  is  colIecte<i.  From  n  freshly  made 
opening  and  before  the  onset  of  inflammatory  processes,  a  scanty  viscid 
fluid  is  obtained  winch  exerts  energetic  and  characteristic  physiological 
actions. 

Obviously,  the  scanty,  viscid  secretion  is  normal,  while  the  watery, 
abundant  secretion  is  abnormal  and  derived  from  the  dilated  tdood-ves- 
seU,  perhaps  in  consequence  of  paralysis  of  the  vasomotor  nerves,  and 
as  a  result  of  increased  transudation.  The  latter  would  thus  in  a  cer- 
tain -sense  be  a  paralytic  secretion.  The  amount  must  vary  greatly, 
accordingly  as  viscid  or  watery  secretion  is  prnduce<l.  During  digestion 
a  targe  dog  secreted  from  1  lo  1.5  grams  of  viscid  secretion;  Bidder 
and  Schmidt  obtained  from  a  permanent  fistula  from  ^15  to  ^7  grams  of 
water>'  secretion  in  twenty-four  hours,  for  each  kilogram  of  weight. 

While  the  resting,  inactive  gland  is  flabby,  yellowish  red  in  color,  the 
secreting  gland  is  turgcscent  and  retldcncd  from  the  dilatation  of  its 
blood-vessels. 

Normal  pancreatic  juitfe  is  transparent,  colorless  and  odorless,  with  a 
salty  taste,  and  a  .strongly  alkaline  reaction  from  the  presence  of  0.4  per 
cent,  sodium  carhmnate,  .ind  therefore  effer\'escent  from  escape  of  car- 
bon dioxid  on  addition  of  acid.  U  contains  allmmin  and  potasEitun 
albuminate  {93  per  cent.);  like  watery  egg-albumin,  it  is  viscid,  flows 
with  difficulty  and  coagulates  at  a  temperature  of  75"  C.  into  a  white 
niass.  On  stending  in  the  cold  a  gelatinous  coaguluni  of  albumin  sepa- 
rates, in  which  concentrated  mineral  acids,  metallic  salts,  tannic  acid, 
chlorin-water  and  bromin-water  cause  a  precipitate;  the  precipitate 
produced  by  alcohol  can  be  redissolved  by  water.  The  total  solids  in 
the  pancreatic  juice  of  human  beings  equal  13.6  per  cent.  Among  the 
salts  are  sodium  chlorid,  7.5;  sodium  bic.irbonate.  0.4'.  sodium  phos- 
phate, 0.45;  sodium  sulphate,  i.r  in  1000,  together  with  some  lime  and 
traces  of  magnesia,  potassium  sulphate  and  ferric  oxld. 

The  more  rapid  and  the  more  profttse  the  flow  of  the  pancreatic 
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tract  first  affects  milk-casein  in  such  a  manner  that  it  is  coagulated  by 
heat,  after  which  it  is  peptonized.  In  other  respects,  trypsin  has  an 
action  like  that  of  pepsin  upon  tissues  containing  albumin. 

Casein  is  almost  wholly  digested  by  trypsin.  The  tij-p'!"^  femicnt.  which  is 
also  present  in  the  jiancreas  of  new-bom  Infants,  is  carried  down  tncchaiiically 
from  the  pancreatic  mice  diluted  with  water,  by  tlie  iinwtuctioii  nf  n  voluminous 
precipitate,  with  collodion.  Tlic  precipitate  is  waafacd  utid  dried,  and  tbcn  the 
collodioaiadiaaolvedout  in  a  mixture  ol  clhcr  and  olcoliol.  The  residue  is  soluble 
in  vrater.  and  represents  the  ferment-  Kuhnc  Iwrthcr  separates  with  especial  care 
the  albumin  ctill  combined  with  the  ferment  in  the  aqueous  extract  a(  the  eland, 
and  thus  secure);  the  ferment  in  a  purer  (onn.  Tt  is  soluble  in  water,  insoluble  in 
alcohol  and  in  pure  glycerin. 

As  trypsin  is  destroyed  by  liydrochloric  add,  it  is  not  advisable,  as  in  the 
presence  of  weiikeried  lEigcKtion,  to  adminirter  tr\'iiiiin  by  the  mouth.  In  a  dried 
state  it  can  be  heated  to  a  tcmjicraturc  of  140*  C.  without  injury;  in  u  mnist 
state,  if  pure,  to  50°  C;  and  nuxed  with  salts  or  with  albumoscs  and  peptones, 
to  60'  C. 

Melhwi:  For  testing  try-psin,  gelatin  is  cspeciallv  useful,  bciiie  liiiuclied  in  a 
tCAt-lubc  at  the  temperature  of  the  body;  7  grams  of  gelatin  boiled  with  oj  grams 
ol  an  aqueous  solution  of  thymol.  For  antiEepiic  purposes  thymol  snould  be 
added  also,  after  filtration,  to  Ote  fluid  to  be  tested  for  the  presence  of  tlie  ferment. 

Trypsin  results  throtigh  the  taking  up  of  oxygen  ■within  tlie  pan- 
creas, from  a  mother-substance,  zymogen,  which  collects  in  the  interior 
of  the  secreting  cells  in  smallest  amoiuit  between  the  sixth  and  the 
tenth  hour,  and  in  largest  amount,  on  the  other  hand,  sixteen  hours 
after  eating.  It  can  be  extracted  from  fresh  glands  by  glycerin  or  by 
water.  In  aqueous  solution  this  body  yields  the  ferment.  Witliin  the 
excised  pancreas  the  same  result  occurs  on  treatment  with  strong  alcohol. 

The  addition  of  bile,  sodium  chtorid.  sodium  glycocholnte  and  carbonate,  as 
well  as  carbon  dioxid,  increases  the  activity  of  the  ferment,  wlnle  magnesmm  sul- 
phate and  sodium  sulphate  enfeeble  its  action. 

With  continued  action  of  the  trypsin  upon  the  hemipeptone  pro- 
duced, this  is  converted  in  pan  into  the  amido-acids:  leucin  (C«H,,NO,). 
tyrosin  (C(,H,, NO,),  aspartic  or  amidosuccinic  acid  (C,H;N04)in  the  diges- 
tion of  fibrin  and  gluliu.  glutamic  acid  (CjHgNU,).  and  butalanin  or 
amidovaierianicacid  (CsH,,N03).  Gelatin -peptone,  according  tn  Xcncki. 
on  further  decomposition  yields  glyein  and  ammonia.  The  amido-acids 
produced  may  be  partly  absorbed  as  such  and  may  be  consumed  in  the 
circulation. 

The  following  bases  also  occur:  xanthin -bases,  lysin,  U-satinin.  argi- 
nin,  together  with  ammonia  and  a  body  that  becomes  reddened  by 
chiorin-water  or  bromin-warer. 

If  iJie  action  be  continued  still  further,  matters  having  a  fecal  odor 

r^It,  and  with  especial  rapidity  when  the  reaction  is  alkaline,  also  indol 

fCiHjN'^.  skatol  (C»H,N),  and  phenol  (C9H0O),  volatile  fatty  acids  with 

the  deveiopnient  ni  hydrogen,  carbon  dioxid,  hydrogen  sulphid,  marsh- 

^?^  and  nitro^jcn.     These  products  of  decomposition,  however,  re-sult 

«*noJIy  from  putrefaction  of  the  preparations.     This  can  be  prevented 

fai-      ^'^'''^'^'^  of  salicvlic  acid  or  thymol,  which  destroys  the  putre- 

«ctjve  Off  alliums  thai  are  always  present. 

o/'(J^J^°"£*d  boiling  of  the- albuminates  with  dilute  swlphuric  acid,  like  the  action 
•HvooJa'"'!^'^  "*^*^^  ""*  peptone,  tht-n  teucin  and  tyrosin.  and  glyein  from  gelatin, 
frotn  wf^         arn.1    xanihm  result  in  thin  way  un  boiling  fibnn.  the  former  also 

L«^f^r''""*^^  boiling  of  fibrin  with  water. 

^^»n      *y"^**«".  KluiJimic  and  aspariic  acids,  together  with  xan I hin -bodies. 
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result  also  in  the  grnninati<rw  of  cntnin  p>tAQL«,  by  mtson  erf  which  there  is  « 
resembliiice  lM>tWcn  the  transfurmalion  and  ihe  consurnplion  of  nulrilive  mate- 
rials in  iM-*1»  and  the  •1igw;liVL'  oiTih-Is  of  (tTm^ntu. 

The  lipolytic  activity  dq>cn(Is  on  the  jircscnce  of  a  ferment  tcmietl 
steapsin  or  pialyn.  which  exerts  il-s  action  more  especially  on  the  neutral 
fats.  Tills  action  is  two-IoM:  (i)  they  are  transformed  into  a  fine, 
peniianent  emulsion,  and  (3 ).  by  taking  up  water,  tliey  undergo  a  cleav- 
age into  glycerin  and  fatty  acids. 


Tmlrann 


H,0  - 


Walff 


=    ^T<Brin 


The  addition  of  bile  inrrcascs  this  action  in  the  rabbit  very  consid- 
erably. This  cleavage  action  is  due  to  a  ferment,  especially  decomposed 
by  acids,  but  which  has  not  yet  been  isolated.  Lecithin  is  split  up  by 
tins  ferment  into  glycerinpiiosphoric  acid,  neuriu  and  fatty  acids. 

After  deroniposition  is  complete,  the  fatty  acids  are  in  part  united 
■with  the  alkalies  of  the  pancreatic  juice  and  the  intestinal  fiuid  to  form 
fatly-acid  alkalies,  or  soaps;  ami  in  part  emulsified  in  the  alkaline  in- 
testinal juice.  Both  the  emulsion  and  the  soap-sulution  are  capable  of 
being  absorbed.  After  extirpation  of  the  pancreas  in  the  dog,  the 
digestion  and  absorption  uf  fats  are  correspondingly  diminished. 

If  th«  fat  to  be  cmulsilic<5  contninK  frpc  fAlly  acida.  as  is  th«  case  with  kU 
of  th<  fats  of  th«  food,  and  if  the  lluid  at  the  £am«  time  has  an  alkahne  reaotioo. 
emiitsiticatifiii  laki-s  place  with  extraordiunn'  rapitlity.  .^  ilniji  <)f  co«l-livf-  oil, 
which  hkewiBC  alwayn  cwitains  some  free  acid,  pljiccil  in  a  o.j  pn  cent  soda-solu- 
tiuii.  is  at  once  broten  up  into  line  rmulsion-granules.  Fir«  a  bard  Koapy  mem* 
biaiic  is  fonnci!  011  tlit  surface-  of  the  oil-dr>-i|K  ihU.  hinvvvi-r.  i»  r)iiickl>-  dissolved 
aii<l  unall  drops  arc  thereby  torn  away.  The  fresh  surface  becomes  again  co>'cred 
with  a  layer  of  woap  and  llic  proeesB  is  conlinually  rvjicatej,  Thi-  Miaps  pmdiiccc) 
Ihemselvc*  in  turn  act  as  emulailii-fs.  If  the  amvunt  <A  oleic  atid  contained  in 
llii;  oil  and  the  concentration  of  the  soda -swUit ion  are  increased,  so-called  "rayclin- 
furms"  iirc  produeoH.  that  is.  fr>rms  like  thottc  that  appcMr  when  fresh  «erv*.'fib<rB 
afv  ti-aicd  in  aqueous  liquids,  .\nimal  fats  furnish  an  emulsion  more  readily  than 
vegetable  fnm,  castiiroil  not  funiishmi;  anv  at  atl. 

The  fatty  acids  also  may  iimlrrKoslill  furlh(mleci)mi»«isition  through  the  action 
of  the  fat-!i|Ililling  ferment,  with  the  production  of  carbon  dioxid  niid  hydrogen 
even,  in  Ihe  abwncr  o(  m-cruOrganisins. 

Danilcwsky  isolated  the  finir  pancreatic  fcmx-nts  in  the  following  manner:  M 
an  acid  infusion  of  doe's  p&ncrcns  is  suprr-saluraied  with  itiagnesium  oxid,  the 
precipiUite  tiirrics  the  fat-lcnmnt  down  with  il.  Oulludian  added  ti)  the  filtrUc 
pncipitatcs  the  tr\T»in;  the  iir<.-cipitate  in  collected;  oiid  the  collodion  is  dissolved 
out  by  a  mixture  of  ether  and  nlc<ihol.  The  diastatic  ferment  is  contained  in  the 
filtrate  from  the  coUodiom-precipitnte. 

For  tesiiiiR  the  digestive  activity  of  the  pancre.-^fi  an  extract  of  the  swollen 
and  reddened  tilnnd  may  be  pri-pared  after  trituralton  with  the  aid  of  concentrated 
solution  of  sodium  chlorid.  Triiurated  pancreas,  which  has  lain  for  a  day,  can 
also  l>e  extracttnl  with  (ilyeerin  or  chloroform -water.  Alcohol  precipitates  the  fer- 
tnents  in  ihenc  rxtriirtion-tliiiiU.  Kithne  renders  the  minn-d  pancreas  free  from 
water  and  fat  by  means  of  nkohol  Jind  ether,  iinil  |iulvcri£c5  it.  The  powder,  to 
which  10  paria  uf  «,«  per  cent.  Kilicvlic  acid  solutinn  at  blood-heat  are  added. 
exhibits  the  activity  o(  the  fvnnmts.  An  extract  of  Ihe  pancreas,  p re parx-d  rapidly 
ami  at  R  high  icmpiT.itiirp  with  a  0.7  jht  cent,  solult<-n  of  sodium  chlorid, contains 
almost  alone  tJic  sujcar-forminj;  fermmt.  which  is  alwent  fmm  the  ^land  in  the 
State  of  hunger  After  long-continued  maceration  at  a  later  period  trj'psin  prin- 
cipallv  in  iibtniiu'd. 

To  deinnnstrate  tho  effects  of  the  panereas  Setachenow  proceeds  as  follows: 
Minced  calf's  pancreas  is  infused  uith  leu  than  dniibte  its  volume  of  water  and 
is  kepi  at  a  Umpernt»n.'  of  i»°  C.  f<"r  live  hours.  The  decanuJ  lluid  is  strained, 
shaken  with  etiicr.  ami  alrtthot  is  added  until  a  precipitatt:  farms.  The  latter  is 
spread  uniftmnly  upon  fdtcr-papcr  by  liltrntioit.  and  the  fuiper  is  dried  nt  a  t«m- 
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pcrature  of  40°  C.  A  nrip  of  this  paper  about  the  length  of  a  finger  immenod 
m  1  or  4  cu.  cm.  of  water  yiclcLt  x  tluitl  cnpAble  of  u^titi^  utiun  stuche&.  slbumin 
und  fut . 

The  pancrras  of  new-Kim  inlontii  contains  no  diastatic  (crmtnt.  but  both 
peptic  ftnd  fat-splitting  fcrmcnu.  Diitcascs  of  inf&nls,  diarrhea  at  timr«,  nppcar 
to  hnve  a  marked  effect  on  the  activity  of  tht-  pantwas  Slifiht  cliastaiie  power 
is  exhibited  after  the  second  month  of  life.  (romplcK?  activity  only  after  the  Li;>»e 
of  the  first  year. 

The  milk-curtiling  activity  depends  on  the  presence  of  a  ferment, 
according  to  W.  Ktilme  and  W.  Roberts,  which  can  l>e  extracted  by 
means  of  a  concentrated  solution  of  sodium  chlorirl. 

The  pancreas  also  prepares  a  sugar-splitting  ferment.  If  a  solution 
of  sugar  is  digested  with  an  aqueous  or  glycerin  extract  of  pancreas, 
the  amount  of  sugar  diminishes. 

THE   SECRETION   OF  THE  PAPTCREATIC  JUICE. 

In  the  case  of  the  pancreas,  a  resting  stage,  in  which  the  gland  is  flabby 
and  pale  yellow,  and  a  stage  of  secretory  activity,  in  which  the  organ 
appears  swollen  and  pale  red.  can  be  distinguished.  The  latter  occurs 
only  after  the  ingestion  of  food,  and  results  probably  in  consequence  of 
reflex  excitation  through  the  nerves  of  the  alimentary*  canal,  and  ap- 
parently in  consequence  of  the  moistening  of  the  intestinal  mucous  tticm- 
brane  with  the  acid  ga-iitric  contents,  for  acids  are  the  most  powerful 
excitants  of  this  secretion.  W.  Kuhne  and  Lea  found  that  all  the  lobules 
did  not  take  part  in  the  secretory  activity  at  the  same  time.  The  pan- 
creas in  herbivora  secretes  continuously. 

According  to  IJemslein  and  Heidenhain,  the  secretion  begins  to  flow 
with  the  entrance  of  the  food  into  the  stomach,  the  quantity  reaching 
its  maximum  in  the  second  or  third  hour.  After  this  the  amount  de- 
creases ^jctwecn  the  fifth  and  the  seventh  liuur;  llicn,  in  consequence 
of  the  pa«i.ige  of  all  of  the  dissolved  matters  into  the  duodenum,  it  rises 
again  between  the  ninth  and  tliccleventh  hour,  and  finally  falls  gradually 
between  the  seventeenth  and  tlte  twenty-fourth  hour,  to  tlie  point 
of  complete  cesisation. 

During  the  act  of  secretion  the  blood-vessels  behave  like  those  of  the 
salivary  gland  after  stimulation  of  the  facial  nerve;  tlicy  arc  dilated,  the 
venous  blood  being  bright  red.  It  is.  therefore,  probable  that  a  similar 
nervous  mechanism  is  active  here.  In  general,  the  activity  of  the  gland 
is  in  large  measure  dependent  upon  an  adequate  blood-supply;  anemic 
conditions  impair  the  secretory  processes.  The  secretion,  in  the  rabbit, 
is  under  a  sctretory  pressure  of  over  17  mm.  of  mercury. 

The  nerve?  ^n-  licrived  from  the  hepatic,  splenic  and  superior  mesenteric 
plcxuEcs,  to  which  the  pneumosaMric  and  splanchnic  nerves  send  branches.  The 
Kcrction  of  the  slund  is  cxcitctl  by  stimulation  nf  the  medulla  oUongattti  of  the 
splanchnic  imm-vc*  (feebly),  of  the  penpheral  stump  of  the  pncumogBstric  nerve. 
in  eonsequenc*  of  which  the  iimnunl  of  ferment  in  tho  )uic<  is  increased,  as  well 
as  of  the  gland  itself  by  means  of  induct ion-ctirrenia.  Rcfiex  increase  in  the 
aecretion  is  broutjht  aboui  t>v  Ktimutatum  u(  the  ceniral  stump  of  tbe  lingual  nerve, 
at  times  also  by  that  of  the  central  stump  of  the  pneumogaslric  nerve,  Th« 
Bocrction  is  suppressed  bv  atropin,  by  excitation  throuRh  the  act  of  vomiting,  as 
well  as  by  jiiimiilaticm  of  the  pneumui;astric  nerve  or  its  central  stump,  ax  well  as 
of  other  jen.soryners'es.  as,  for  example,  the  crural  and  sciatic  nerves,  Destruction 
of  the  acces.'iiblc  nerves  of  the  pancreas  surrounding  the  blood-vessels  renders  the 
stimulation  nK-niioncd  ineffective,  On  the  other  hand  the  secretion  of  a  watery, 
paralytic,  sliKbtly  active  secretion  beeumes  permanent:  and  the  amount  is  then 
no  longer  mcitliliod  by  tlie  ingostit^n  of  food. 


3o8 


THE   STRCCTURE    OF    THE    LIVBR. 


Fat  and  n-ater,  further  piloenrpn  and  physostifrmin.  nc«itP  pancreatic  Kcre- 
tioo.  SoltitiMis  of  ncyiral  and  alkaline  •utlts  of  the  aikaline  metals  exert  kli  in- 
hibitory action.  AiiimaU  tolerate  ligation  of  the  pancreatic  duct.  It  ie  a  remark- 
able fact  that  the  duct  may  regreiierate  Kpaiitaneously.  This  operation  may,  bow- 
ever,  be  followed  by  cyst- format  ion  in  the  ducts  and  atrophy  of  tbe  {landalar 
structure.  After  total  Vxtirpaiion  of  ihe  pancreas,  ihc  diecstion  of  fUbnmin.  fat 
and  starcbea  is  tmpairctl.  The  severe  dialn-les  lliat  de\-cKips  immedtalcly  after 
extirpation  of  the  pancrcu  and  which  has  been  observed  itlso  in  human  beings 
after  degtncration  of  tbc  pancreas,  U  of  obscure  origin. 

THE  STRUCTURE  OF  THE  LIVER. 

The  hver  i«  itu-tuded  among  the  compnuiul  tubular  Stands.  Its  development 
shows  that  with  il?  excretor>'  ducts  it  evolves  in  the  fi.trm  of  a  reticulaird  tulntlar 
gland.  The  j^lobular.  polygonal  liepaiic  acini  (lobules,  islandst.  flattened  one 
against  the  other,  from  i  to  i  mm.  in  diameter,  arc  considered  aa  the  ultimate 
macrOBCoinc  units  of  the  sland.  They  show  the  following  histi^locical  pccuhurities: 
Tbe  liver  cells  (Fi^-.  ii6,  Il.n\.i4  or  ji;)'in  dintnctcr, arc  irrcgxilorly  polyhedral, 
consisting  of  soft,  fnnhle  protoplasm,  filled  with  pigment-granules.  Thev  have 
no  membrane,  and  contain  one  or  more  <iph«rica1  nuclei,  with  nucleoli,  and  are  so 
arranged  that  they  radiate  from  the  centre  o(  the  acinus  in  longer  or  -jiorter  con- 
necteii  lines  Inward  the  stirf.nce  of  Ihi-  Icibiilp.  Thus  arrangeil  Lhcy  are  in  part 
surrounded  by  the  mnff  delicate  bile-ducts  (I-':b  ii6.  I.  x).  in  part  separated  one 
from  the  other  in  rows  by  the  coaisc  network  of  blood -capillaries  (d  a).  In  the 
state  of  huiiKcr  the  liver-cella  are  tlnely  p^milaranil  deeply  cloudecj  fPig.  117,  i). 
About  thirteen  hour*  after  Miitnbk-  nminehmcnt  tbc  cells  contain  coarse,  glistening 
Bakes  of  clycogcn  (j).  At  the  same  time  the  protoplasm  is  c<yndenscd  on  the 
surface,  whence  a  network  extends  toward  tht  center  of  the  cells,  in  which  the 
nucleus  is  suspended.     The  hver-cells  often  contain  fatty  granules. 

Tlie  Blood-veaseU  of  the  Lobule. —  (a)  KamtfieationK  at  the  veninic  Kystem. 
If  the  branches  cif  the  pnrt;!!  vein,  well  supplied  with  muscular  libers,  and  entering 
through  Ihc  JransvcT^e  fiwure.  he  followed,  small  vessels  will  finally  be  foun»f, 
aftM-frrerlindrilicljranchinii.  that,  apprtviching  from  various  direction*.  c<in  verge  at 
the  limits  of  the  acini,  and  here  enter  into  communication  through  capillary  anasto-^ 
moaes,  forming  the  interlobular  veins  (Fig.  116,  V,  i).  From  these  veins  capillaiy* 
vessel*  (c  c>  pus.s  from  the  entire  jicripliery  of  the  aciniut  toward  ita  center.  Thcv 
are  rclativt-Iy  liirjff  (from  i*  to  n  c  m  diameter)  and  form  n  longitudin&l  netwoTK 
in  R  redmling  dir<vtion;  and  iH.twc'n  ihcm  rows  of  c<w>nccl<-d  hepatic  cells, 
liver-cell  column  s  (dl.  are  always  lodged.  The  capillaries  arc  go  arranged  that  they 
run  along  tlie  edges  of  thf  ro'wc  of  cells,  and  never  between  the  surfaces  of  two 
adjacent  riiws.  The  riidtnliiig  courw  of  the  rapilljirir!;  necessarily  brings  it  about 
that  these  vessels  must  unite  at  the  center  of  Ihe  acinus  to  form  the  beginning 
of  a  larger  vessel.  This  is  the  central  or  intralobular  vein  (V.  c)  which,  m  tnm. 
piercing  tbe  lobule  vertically,  makes  its  exit  at  nitc  point  and.  reiichinv  the  surface 
unites,  .IS  the  sublobular  vein  (V.  a',  with  similar  vessels  from  nei^oorinir  acini, 
to  form  larger  trunks  that  (100  ft  in  diameter)  represent  ihc  roots  of  the  facpaitc 
veins.  The  trunks  of  this  great  system  of  venous  radicles  leave  the  eland  at  tbe 
blunt  edge  of  the  liver. 

(ft)  Ramtiuaiions  of  the  H^paiic  .4ri*ry,— The  branches  of  the  hepatic  artery, 
throughout  their  entire  course,  accompany  the  larger  branches  of  the  portal  vein, 
to  which,  ,is  well  as  10  the  adjacent  larger  bite-ducts,  they  supply  nutrient  capillaries. 
These  branches  enter  into  numerous  anastomcrtic  communications  among  then>* 
selves.  The  small  capillaries  pass  mainly  from  the  periphery  of  the  acinus  into 
the  capillaries  of  the  portal  system  (Fig.  1 16,  i  il.  Tliosc  arterial  capillaries,  how- 
ever, that  lie  in  th«  thicker  connective  tissue  upon  the  larjcer  venous  and  biliary 
brunches  (rr)  pass  over  chiclly  mto  two  venous  trunks  that.  accompMiying  tlM 
corresponding  arterial  braiKhes  for  some  distance,  oraply  into  braiMrhcs  ol  the 
portal  vein. 

Individual  arterial  branches  pass  up  to  the  surface  of  the  liver,  where  they 
form  a  wide-meshed  mnritive  network,  particularly  under  the  pcritonpat  ODVciiog. 
The  small  vencais  radicles  cotlectmg  from  this  point  also  rvnch  the  ramifeuiiMH  n 
the  portal  vein. 

TA*  Biliary  Pajsages. — The  finest  biliary  paasages.  bile-capillaries,  originate 
from  the  center  of  the  acinus,  and  likewise  within  its  entire  interior,  as  membrane- 
less,  regtilarly  anastomosing  straight  ducts,  i  r^r  >  ;i  in  diameter.     They  form  a 
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polvgonal  megh  abotit  each  livcr-cell  (Fig,  117,  3).  The  ducts  almost  always  lie 
midway  between  the  suifaccs  ol  two  adjacent  livtr-crlls  (Fig.  ti6,  11,  a)  as  true 
intercellular  passstses  or  secretory  spacct.  "ftlicii  the  cx:!U  fall  apart  in  the  process 
of  naccrtttion,  they  retain  only  xmicircular  6vpTcfsivns.  The  lincst  ducts  of  the 
biU^apillanes  have  been  obscncd  to  pcnitraie  tlic  interior  of  the  ll^■er-ccUa  and 
to  com  muni  cat  I  liere  with  rcD«nd.  secretory  vacuole*  contaiiung  bile  {l-iR.  117,  5). 
As  the  blood -capillaries  run  along  the  educes  of  the  row*  of  hvcrcells.  while  the 
biliary  ducts  nin  aionj;  the  siirfuwis  of  the  celU.  >x)th  systems  of  ducts  are  always 
Bt  a  definite  distance  Itnm  one  another  (Fig    iiS), 

In  human  beings  individual  bile-ducts  wmictimes  nm  also  along  the  edges  of 
the  cell*,  no  that  Uu-y  nm^t  then  act  as  InterccllulaT  duels  uf  t  or  4  cells.  Tliia 
arrangement  is  said  ta  predominate  in  the  cnibr>-onaI  liver.  In  addition  to  in- 
Jrctioo.  tho  ea[»llaries  can  be  made  visible  by  staining  by  Gcjgi's  method. 
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PlC  tit— I  Dt^nMnulii  Re|inw7ii)Mkincif  an  Ilrpiiir  l^huUr  V  i.,  V.  ■'.  iat*flchular  iciBBi  V.  t.  <cntnt  nin: 
c.  cijiillAn' lowTcD  ihr  lieu:  V,  v  mblnbiiliirvrin;  Y.  v,  viKiilar  trial  A  A.  liraadMB  <4  the  bcgutic  incrr, 
•.pjcuuiliLfiit  tIic  (itaulc  af  Clikt^o  ami  the  Umrr  blooH-if^rU  it  t  T.  mi  lormint  lh«  nxulir  vrin  ^inhrr 
oa.tiutnatliu  lifiSluxaol  ihi- inicHuLmlii  rciuilii;  t.  t>nui<hno(tb(  bOc'Jiucl.diildlnciU*  K  bciwcvD 
tb>  Um  cplli;  d  d.  uiUBiJun  of  liirr-crDi  in  th(  ■itilwi'  tirtwurk.     II.  IxiliWd  liw-cclk,  at  c  litias  apoa 

Within  the  peripheral,  eortica]  portion  o£  the  lobule  the  ducts,  without  walls, 
increase  in  Mze  bv  anastuinoBiH  of  neighboring  duet«  Thev  tlien  leave  the  aeiniu. 
In  order,  from  this  point,  umtinR  between  the  lobules  (Piy.  it6,  r)  with  adja- 
cent  ducts,  lo  form  larger  biic-ducti:.  with  numerous  annsTutnOKCs.  These,  in  com- 
pamy  with  the  branches  of  the  hepatic  arterj'  and  the  portal  \mn.  finally  leave 
the  transverse  fissure  of  the  hver  as  a  collecting  duct,  the  hepatic  duct.  Tlie  liner 
interlobular  bilc-ilucts  posMijs  a  utrucltirele.sa  inembrrtna  prupriii  with  Inw  epithe- 
lium. The  larger  (Fig-  1 19)  exhibit  a  double  nn-mbnmc  constituted  nf  connective 
tissue  and  elastic  fibera,  the  iulcmal  layer  being  especially  supplied  with  blood- 
cafrillnne^i  nnd  bearinj;  a  sinele  layer  of  cylindrical  ctnthvlium.  (July  in  tin:  larttst 
braachee,  and  in  the  gall-bUiddcr.  does  this  internal  layer  become  an  independent 
mucous  membrane,  with  subtnucosa,     Unstripcd  musclc-Kbcnt  ore  found  in  isolated 
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1.  IIJ.— A,  UvtT-ctll.  In  itrt 
Hanot  hmioet;  t.  nlledwiih 
■n*Mn  ut  liliictcEn.  s.  nif 
RlDfiilsd    by    (juc'CAPuIatIM' 


buodlcs  in  the  mmn  ducts  {Ion(ptu(Unal  aad  circuUr  cspcciollv  in  the  lower  portions 
o£  tbc  bilc-ductBl,  u  well  as  in  a  delicate  longitudinal  and  circtilar  layer  in  tb« 
gall-bladder.  Th«  movements  here  are  slowly  rhythmic  and  pcnstsltic.  The 
mvroiu  membrane  of  the  ^l>bladder  is  provKk-d  with  foltl*  and  ci>nil>-Iilc«  He- 
prcKsions  'ITie  rpitheliuni  IS  a  single  lay^  of  cylindhvnl  rpiiluliiim  with  a  basal 
mrmtmuiA  and  intervening  mucous  goblet -cells,  Somll  mucous  filands  are  found 
in  the  mucous  membrane  of  the  It"^**  l>i!e-duct«  and  of  the  ua II •bladder. 

The  caHti-clitv  liisui  fit  ihf  liver  enters  the 
portal  Sflsurc  as  a  shcach  (capsule  of  Gltsson)  for 
the  veoscls,  and.  inix<:d  uriih  clastic  tisiuc.  finally 
r«achc«  the  pcriphvr>'  '^  ^°  acini,  where  in  the 
pig,  the  camol  and  the  polar  1>ear  it  foriiu)  a  clearly 
demonstrable  capflulc,  but  in  human  brings  is  in- 
conspicuous, Ddicnto  elemctita  can,  however,  be 
fi^lkiwed  even  iiitu  the  actiia<,  nudetitcd  star-cells 
and  a  network  of  dflicale  reticular  fibers,  which 
effect  the  fixation  of  the  elements. 

The  connective  tissue  of  the  acini  not  rarely 
undergoes  considrrabic  increase  in  drunkards,  and 
its  hyperplasia  may  even  cause  destruction  of  the 
contents  of  the  ncinuE  by  pressure  (ciirhosis  of  the  liver).  In  this  tliickeiied, 
irtCTacinmiB  conni-ctivc  tissue  newly  formed  bile-duoti  have  been  found,  and 
likeivtsc  in  the  cicalnccil  eornectiveWeuc  of  the  "corspt -liver." 

The  lympk-vtufls  Iw^in  as  pen  capillar)'  ducts  in  the  interior  of  the  acinus. 
Further  on  they  run  wiihm  the  nails  of  the  hepatic  veins  and  the  branches  of  the 
portal  vein;  theu  they  surround  the  venous  branches.     The  laiifer  vewn-U.  formed 

frotn  the  union  of  tl)c  inter- 
lot>ular  passages,  leave  the 
oTEan  in  part  at  the  trans- 
verse fissure,  in  part  with 
the  hapatic  veins,  nod  in 
part  at  different  points  on 
the  curface.  At  the  blunt 
fldce  of  the  liver  they  foim 
a  clove  mesliworlc  and  pass 
through  the  irianptlar.  he- 
paio-renal  and  sug!K-nsor>' 
ligaments. 

The  nerwiot  the  hepatic 

plexus,  constituted  in  part 

D.         -    *  '^^    — --   ■-■^-    —     -— ■ 


B. 


F. 


Plo.  itS.— BlocHl-cainlUrm,  Rneit  Bitlu?  tlucU.  uil  tirtt- 
Mlh,    In    'Itirir   .Muliul   RrLkllikw  in  the  lUtrlil'B  Uvtr 

io  dsH-KUiua;    f.  Iiaxts.  Uliary  duu:    C,  bucIcib  of 
llm-oll. 


pM.  ita^tnlakibalarBneHiaclInM 
iht  Huauin  Urar  (<f icf  Scfccak]! 
R,  circulu  bbtnu  Isfvr;  C 
crlicdrlut  cpJthrHnm  i 


of  Remak's  librn,  in  part  of  mi-duUated  fibers  hom  the  sympathetic  and  pnoa- 
mogasirlc  nerves,  follow  the  raniincations  of  the  hepatic  arteo''  Ganglia  ore 
placed  in  their  coune  iu  the  interior  of  the  organ.  The  nerves  arc  in  part 
voaomottn'  in  nature.  AccordJnic  to  Pflum-.  other  nerve-fibers  enter  into  direct 
ooaneclion  with  the  livcr-cclls.  ai^  is  tbe  case  in  the  salivarj-  glands.  The 
imuclc-cclb  of  the  bile-*lacts  contain  motor  filam  ent». 
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Th«  celinc  pl«xus  send*  trophic  and  vncotnotor  latve*  to  the  U\*cr.  Dnttruc- 
tioo  of  this  plexus  llKTcfuro  cauxts  tieyi-ticratioii  of  Ihc  tivcr-wlte.  and  dilBiatinn 
pf  the  hepatic  arterj'.  Tlu'  piieumo(;astric  nerx'e  supplies  dilator- ftljcrs  to  ihc 
vcsiwiK.  and  ihc  ert-Jt'ivr  (pluncliiiic  niotur  brancht-»  lo  the  niuwclcs  <>£  tlic  bile- 

lluClB 


CHEMICAL  CONSTITUEWTS  OF  THE  LrSTER-CELLS. 

Proteids. — The  fresti,  soft  liver-parencliyma  has  an  alkaline  re- 
action. After  death,  coagulation  takes  place,  with  cloudiness  of  the 
ceU-cont«nt-s:  the  tissue  becomes  friable  and  gradually  acquires  an  acid 
reaction.  This  process  is  suggestive  of  rigor  mortis,  and  is  duo  to 
a  myosin-likc.  post-mortem  coagulating  albuminous  substance.  The 
liver  contains,  further,  a  proteid  body  coagulable  at.  45°  C.  another 
coagulablc  at  70^  C. ,  and  one  slightly  soluble  iii  dilute  acids  and  alkalies. 
The  nuclei  contain  nuclein.     The  connective  tissue  yields  gelatin. 

Glyi:ogen,  6C,H,uO,-r  HjO,  or  animal  starch,  from  i.a  to  3.6  per 
cent.,  is  a  carljohydratc  closely  allied  to  inulin.  soluble  in  water,  and 
diffusible  with  difficulty,  which  surrounds  the  nuclei  of  the  liver-cells  in 
amorphous  granules  {Fig.  117,  a),  though  not  always  present  and  not 
alwa}'s  found  in  equal  amounts  in  all  part«  of  the  hver.  The  glycogen 
in  the  liver  represents  the  excess  of  carbohydrate  material,  which,  after 
the  ingestion  of  suitable  foods,  is  temporanly  stored  like  the  starch  in 
the  plants.  It  is  subsequently  transformed  into  sugar  and  consumed  by 
tlie  tissues. 

QMalimlm  DtterminalioH. — Glycogen  is  stained  deeply  red  bv  iodin  (best  dis- 
(olved  bv  meaiw  of  potnssitun  t^Mlid  in  a  cniict^tunilril  Kohilimi  of  xntliuiti  chlurid). 
like  iniilin,  even  in  microscopic  section*  hardened  in  alcohol.     Organs  containing 

fl}'co|,'en.  boiled  with  an  exces*  of  soclitiin  Kuljihari--.  vti-ld  an  o^ialescent  filtrate, 
flhvor^ans,  OS.  forrxamplr,  the  JivcT.  siiUcontnindiairtatic  ferment,  the  gt)'cogen. 
after  bang  kept  warm  for  several  huiirs.  will  be  converted  into  sugar,  and.  aa 
already  stAicd,  the  reaultint;  liltnitc  feni.iin.i  clear. 

Quantitativt  iiiiiiui ion,— .'According  to  Kulz's  modification  of  Bruckc's 
tn«thod,  the  coarsely  tninccd  liver  is  thrown  into  boiling  water  immediately  after 
death  and  boiled  for  half  an  bour.  ft  ia  then  erushed  and  potassium  hydrate 
(4  granw  to  too  ){rams  of  liver)  t«  ndded  Evaporalion  over  a  n'.iicr-hath  to 
dtnihic  the  wciKht  of  the  piece  of  livtr  emploveil  it;  pemiiltfd  to  take  plsiee  until 
in  the  course  of  three  hours  all  is  dissoU^.  After  cooling,  the  mixture  is  neuiral- 
ticd  with  hydrochloric  acid,  and  the  albumin. logether  with  the  lime,  is  precipitated 
by  metina  of  hydrochli>ric  aoiil.  and  pnUtwio- itirrcuric  iodid  Filtration  is  now 
pnictiaed,  the  precipitate  being  taken  from  the  filter  four  times,  mixed  with 
a  few  drops  ot  hydrochloric  acid  and  poiasaio- mercuric  iodid  in  water  to  Uie 
coQsistency  of  broth  and  filtered.  All  of  the  glycojien  is  now  contained  in  the 
filtrate,  to  which,  with  stirring,  double  the  volume  o(  ffft  per  ec-nt.  nleohft!  i«  added. 
The  glycogen  depoeited  in  the  course  of  twelve  hour*  is  placed  upon  the  tilter. 
washea  with  61  per  cent,  alcohol,  then  with  absolute  alcohol,  with  ether,  aLg.-iia 
with  alMOlute  alcohol  and  dried  at  no"  C.  Should  the  fluid  reiiiaui  cloudy  after 
addition  of  hydrochloric  acid  and  potas&io-inercuric  iodid,  two  parts  of  g8  i>er  cent, 
alcohol  ar«  added  and  the  hllered  precipitate  is  dissolved  m  3  percent,  potassium 
hydrate,  then  neulralixed  with  hvdri>chli>rtc  acid  and  now  all  of  the  albumin 
can  be  precipiljitcd  by  repeated  addition  of  hydrochloric  acid  and  potassio-mer- 
cnric  iooid  again, 

According  to  Svegt-i).  dextrin  is  preMnt  in  the  liver  in  addition  to  glycogen. 
Rabliit'slivcr  contains  about  three  times  as  much  glycogen  in  winter  oa  in  summer. 

The  following  are  to  be  considered  as  the  sources  of  glycogen  in  the 
liver:  (i)  The  carbohydrates  of  the  foot!,  after  they  have  been  con- 
verted into  dextrose  in  the  alimcntarj"  canal;  only  the  sugars  ferment- 
able by  yeast  form  glycogen,  and  not  those  incapable  of  fermentation; 
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and  (9)  the  pruteidB,  including' gelatin.     If  the  proteids  are  a  source 
of  glycogen,  it  must  result  from  a  non-nitrogenous  derivative  of  them. 

PllflKcr  cwwidtrs  the  (ormAtion  of  glycogen  from  iil^umin  a  synthetic  puxxss. 
The  molecular  group  CH^.  found  in  albumin,  as  well  as  in  the  (auy  acids,  must 
l>c  traasfonncd  by  oxidation  into  CHUH.  The  cells  taking;  part  in  the  furmative 
procGM  may,  bowcwr,  also  utihzc  this  s^^up  CHOH  nrhercvcr  it  is  found  already 
prepared,  ns  in  sugar  or  in  glyetrin. 

Also  fats  {oliv*-oi1>.  g-lyccrin.  tAurin  and  glycin  (the  hitter  through  decomposi- 
tion into  Rlvcogai  and  ur^'ii,) .  have  been  dewgnatedasthe  source  of  glycogen. 

In  ia(ii>itK.  thir  ]i[ii<luciion  of  glycogun  is  increased  by  the  admin isiratioa  of 
asparagin.  ammonium  carbonate  or  urea.  The  excessive  production  oE  add  in 
caxs  of  diabetes,  demonstrated  by  Stadelmann,  Axes  the  ammonia  and  thiu 
niaierijilly  diminishes  tlie  production  ot  fj^ycogen. 

Ligation  of  the  common  bile-duct  results  in  diminution  of  the  glycogen  in 
the  liver.  U'iic  liver  after  this  operation  appears  to  have  lost  the  property  ot  foiro- 
ing  gly-'^K^^"  from  suitable  material  brought  to  it.  Alao  ligation  uf  the  hepatic 
artery  ri-iidert  the  hver  free  Irom  ^[lycogMi.  After  excluding  the  portal  circulation 
the  amount  of  sugar  contained  in  the  blood  decreases,  Withrpferc-ncetotbcoocor- 
rrncc  of  glycogen  elsewhere  reference  may  be  made  to  p.  466. 

If  large  amounts  of  starch,  grape-sugar,  cane-sugar,  levulose  and 
maltose  are  added  to  the  protei<]s  of  the  food,  the  amount  of  glycogen 
in  the  liver  is  greatly  increased,  while  on  a  pure  albuminous  or  fatty 
diet  it  is  considerably  decrcewed :  the  state  of  hunger  njay  cause  it  to  dis- 
appear entirely.  Injection  of  grape-sugar  or  of  glycerin  into  a  mesen- 
teric vein  ot  a  fasting  rabbit  causes  the  appearance  of  glycogen  in  a 
liver  previously  free  from  it. 

Tliu  living  liviT-cell  U  capable  of  producing  glycogen  in  considerable  quantitiM 
onlv  from  the  two  kinds  of  sugar  capable  of  direct  fermentation,  nundy  dextroMri 
and  luA'ulcac.  The  non ■ferine nlablc  sugars  are  not  converted  into  ^ycof^.  and 
c.-inc-sugar  and  maltose  only  in  so  far  as  they  are  transformed  in  the  latcatine  into 
dcxtrotc.  As  the  infant  consumes  mitk-sugar.  it  must  form  glycogen  from  albu- 
min. 

Forced  muscular  movement  rapidly  renders  the  hvcr  of  the  dog  free  (nxn 
glycogen.  Rcduciion  of  temperature  diminiahea  the  amount  of  ghcngen  in  the 
liver.  The  rigid  liver  after  death  eoniaifls  dextrin  and  grape-eug'ar.  Glyeogen 
it  also  present  in  the  liver  fur  n  considerkbte  time  after  death,  as  wcUas  in  the 
musclr's. 

Under  normal  conditions,  the  g\'ycogt/&  in  the  liver  is  gradtially 
transformed  in  small  amoums  intogrape-Bugar.  The  amount  of  sugar 
normally  present  in  the  blood  is  from  0.5  to  i  in  1000.  The  blood  in 
the  hepatic  veins  may  contain  somewhat  more.  Increased  transforma- 
tion into  sugar  occurs  only  in  connection  with  marked  circulatory  dis- 
turbances in  the  liver,  as  a  result  of  which  the  blood  of  the  hepatic  veins 
conies  to  contain  a  larger  amounl  of  sugar.  The  glycogen  undergoes 
this  transformation,  like-wi."ie,  .soon  after  death,  when  the  liver  is  always 
found  to  contain  a  larger  amount  of  sugar  and  a  smaller  amount  of  gly- 
cogen . 

TIic  active  ferment  necessary  for  this  process  can  be  obtained  from 
an  extract  of  the  liver-cells,  by  the  method  employed  to  obtain  ptyalin. 
Nevertheless,  it  is  said  not  to  be  formed  in  the  Hvcr-cells,  hut  only 
reaches  the  liver  to  be  quickly  stored  up.  through  the  blood,  within 
which  the  ferment  is  always  formed  with  rapidity  so  noon  as  the  move- 
ment of  the  blood  undergoes  marked  disturbance.  This  transforming 
ferment  develops  also  as  a  r<.";ult  of  the  solution  of  red  blood-corpuscles; 
and  as  a  constant  slight  destruction  of  red  blood- corpuscles  must  surely 
be  assumed  to  take  place  within  tlie  liver,  a  source  is  thus  provided 
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for  the  |)Txxiuction  of  the  ferment  through  the  action  of  which  small 
quantities  of  sugar  are  continualiy  fonned  in  the  liver.  As  the  liver  is 
thus  the  seat  for  the  production  of  sugar,  extirpation  of  this  organ  or 
ligation  of  its  vessels  is  followed  by  disappearance  of  the  sugar  con- 
tained in  the  blood. 

The  grape-sugar  formed  in  the  liver  is  destroyed  in  part  in  tlic  blood- 
stream, on  its  way  through  the  tissues,  in  part  by  a  special  ferment, 
which  appears  to  be  derived  principally  from  the  pancreas,  and  to  be 
carried  by  the  blood-coqjuscles.  A  portion  of  the  sugar  in  the  blood  is 
converted  in  the  muscles  into  glycogen. 

According  to  Kdlz  and  Vo£cl,  the  tamt  pmcess  takes  place  in  tli«  liver  in 
the  fomui.tioti  of  «uKiir  bom  slycouen  as  rc^mlts  fcrmi  the  action  of  the  sntiva  imd 
the  )>^creatic  joicu,  with  tlic  proiluci inii  liki-wisc  o(  ruiiltosc  nnd  JsoniAltOM. 
Aceoraing  to  K.  Cavaxzani.  inritAtion  o£  the  celiac  plexus  causm  thr  production 
of  sugar  m  the  liver,  in  connection  with  which  the  liver-cells  undergo  morphologic 
changp. 

Further,  fals  arc  observed  in  the  Iiv«r-cclls,  in  the  form  of  granules,  as 
well  as  free  in  the  bile-ducts;  occasionally  when  the  diet  is  rich  in  fat  (in 
greater  amount  in  drunkards  and  tuberculous  patients),  olein,  pal- 
mitio. stearin  and  volatile  fatty  acids  are  found.  Furtiier,  sarcolactic  acid, 
traces  of  cholesterin,  jecorin,  finally  small  amounts  of  urea  (in  increasing 
amount  in  the  wann,  "surviving"  Hver),  uric  acid:  and  leucin.  tyrosin 
(guanin?),  sarcin.  xantliii),  and  cystin  pathologically  in  conjunction  with 
putrefactive  disorders,  may  be  present. 

The  hver-cells  contain'pigmcnts.  which  arc  partly  soluble  in  feebly 
alkaline  water,  partly  in  chlorofnnn. 

The  pigment  soluble  in  water,  designated  (errin.  varies  from  vellow  to  red  in 
color  and  L-oiiiainR  almost  all  ol  the  iron  ut  ihe  li  ver.  The  Utter  can  be  ileinoimtrated 
directly  by  means  of  potassium  fcrrocysiiid  nr  ammonium  siilphid.  The  pigment 
soluble  in  chloroform,  designated  choice liroijic.  ean  be  extracted  from  pinveriEed 
dried  liver,     ll  ntaiid.t  midway  Ixriwrcn  btk-pigment  und  ihe  lipuchrome.t. 

The  inorganic  consliUienis  of  i!ie  liver  are  potassium,  sodium,  calcium, 
magnesium  and  manganese.  Iron  in  organic  combination  with  albtimin 
(in  ferratin)  is  present  in  the  liver  to  the  amount  of  about  6  per  cent. 
Abstraction  of  blood  together  with  albumin -hunger  causes  its  di.'sappear- 
ance.  Itisutiliscdin  the  production  of  new  blood.  Chlorin,  phosphoric, 
sulphuric,  carbonic  and  silicic  acids  may  also  be  present ;  and  copper,  zinc, 
lead,  mercury  and  arsenic  have  been  found  deposited  in  the  liver  acci- 
dentally. 

DIABETES  MELLITUS. 

The  formation  of  Urec  amoimt*  of  grape-f^ugar  by  the  liv<rr  and  their  entrance 
into  the  Wood  and  inioihc  urine  (glycoBuna.  diabetes  melhtuaj  have  been  brought 
into  relation  with  th*  uornial  condition*  already  inentioned.  Extirpation  ol  the 
liver  in  the  frog  or  rk'slmctmi'  of  the  liver-cells  (fatty  degeneration  (rvmi  phos> 

fhoroU9  or  arsenical  poisoning)  does  not  cause  the  appearance  of  this  phenomenon, 
t  occurs  a  few  houra  after  injury  to  a  particular  ipoi  (center  for  tlic  vasomotor 
nerves  of  the  liver)  fin  the  floor  of  the  lower  portion  cit  the  fourth  ventricle  (CI. 
Bernard's  sui:ar-punolure.  piqrtrcl;  fuithcr,  after  division  of  the  vasomotor 
patha  in  the  spinal  cord  from  above  downward  to  the  exit  of  the  nerves 
tor  the  liv-cr,  Ihal  into  (helunibBr  portioii.in  the  froft  to  the  fourth  vertebra. 

r>ivi»i<in  or  paralysiK  of  the  vasomotor  conducting  paths  from  the  center  to 
the  fiver  results  in  glvcofiuna.  Aceordinc  to  recent  rese.irches  by  Francois  Franclc 
and  Hallion,  the  vasomotor  ner^-ei  of  the  liver  ^for  the  hepatic  artery  and  the 
portal  vein)  arise  between  tlie  sixth  dorsal  ami  the  se«ona  lumbar  nerve*  and 
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pus  through  the  communicaling  branch«ii  into  tht-  spUnchnic  nervM.  AccordUif; 
to  the  opinion*  o(  varlirr  iiivwiIisaliitTi.  h11  uf  t!^  jmllis,  hirii-i.-v<-r,  i)o  not  past; 
thmuKh  l.hp  s|iin;il  o-nl  ^lunt^.  A  niimlicr  of  vawmimcr  lilurs  fnr  llif  liver  Icavi; 
the  spinftl  cord  nt  a  lii|;hcr  k'vcl.  and  pass  (unhcr  on  in  the  course  oi  the  syni- 

fiathciic  nerve  to  tJjc  liver.  Thiui,  dcstrviciiun  i)(  tho  uppenHont.  iw  welt  a»  o(  the 
owest.  cervical  faiiiilii-n.  and  uf  iht  first  dorsiil  jjaiiRlifn.  iif  the  abdciniinal  trnngtia, 
(ihcu  also  oi  the  splanchnic  nerves,  is  fiTllovred  by  ^lycosuiia.  '1'\k  paralyzed, 
ilijnted  vi-isels  rv-tidcr  thv  liver  cxcvedingly  vascular,  find  the  blood -strvam  in  thcni 
ia  iiowed  This  distwrbnnc*  of  the  circiiliticffi  f^wt.  riit  to  the  prcsMic*  &(  a  lftrf;« 
amount  of  mf^nrin  the  liver,  ns  the  Wf^^id- ferment  ha»  time  to  effect  tran«form.iti<»n 
of  the  glycdw-n,  irritalliwi  nf  the  symt'Hlhrtic  nerve  at  the  last  rer\-iral  and  first 
dorsal  gnnglia  cnubcs  contraction  o*f  inc  IiL-j>atic  vessels  nt  the  iienpher>'  nl  the 
arini.  with  anemia  It  U  a  reniarkaMi.'  fact  that  glycftiima  when  prwent  can 
he  n-miivi-d  hy  division  cif  the  spiaiichnic  nerves  ThJB  is  explained  t>y  the  cir* 
cumstancc  that  the  enonnoua  hyperemia  of  the  intestines  occurring  after  tliis 
operfttion  render*  the  liver  anemic. 

AIsv  &  uumlicr  of  puuuns  tlwt  paralyze  tbc  viLsomotor  nerves  of  the  liver 
eau«c  dinhctiTii  in  th^  same  nnanrver,  nnmelv  ciitarc,  when  nnilKiAl  rv^jiirntion 
is  not  mainUincd;  carbon  rnonoxid,  amyl  nilrite.  oHhonilfi-y-hmyl-prfjiionic 
aeid  and  nu'lhvldelphinin:  less  comiantly  inoiphin.  chloral  hydrate  jiiid  other*. 
The  Kixie  procluelK  oi  ncimc  ii(  the  infcctinux  difiraxcs  alBO  net  in  the  same  nity 
at  tirtieK.  Hkuifl-klAsis  nf  nther  sort  in  the  liver  also  appearE  capable  of  caui> 
ii>K  glycosuria,  as.  for  exaniplc.  a(ter  mechanical  stiniulation  ol  the  liver.  In 
this  caleffory  proliably  helonjfs  the  jclyccnuria  (olIuwrnK  the  injcctiim  of  dilute 
(aline  solutions  intn  the  hhiiirl,a»  a  result  of  which  the  chanf-e^  in  the  shape 
of  the  red  corpuscles  cause  stasis.  Abo  the  fact  thai  repeated  venesection 
makes  the  blood  richer  in  sugar  may,  perhaps,  be  explained  l>y  the  &lon-inic  of  the 
circulation. 

Persistent  iTntntinn  of  peripheral  ner%'M  may  also  he  netive  through  a  rrflex 
influence  upon  thi'  center  (i>r  the  vasomotor  rcrves  nf  the  liver  The  apppanine« 
of  sugar  in  the  urine  has  sometimes  been  obBer\'ed  as  a  result  o(  irritatitin  of  the 
eenlral  snirnp  of  the  pneumugastric  nerve,  likewise  after  imliitiini  of  the  eentml 
Ktumii  of  the  (k-prtSK>r  ncne.  Even  division  nnd  central  irritation  of  the  sciatic 
nerve  may  cause  the  appearance  of  sugar  from  the  urine,  in  thi.*  way  i»  rxplainvd 
the  orcurrence  uf  Klvci'suria  in  ease*  of  sciaticJi  and  oilier  nervous  disorders. 

According  to  Schill,  stagnation  of  the  Wood  m  various  extensive  porliona 
of  the  body  is  said  to  increase  the  dcvi-lopmeiu  of  the  ferment  in  the  blood  to 
Buch  a  dcjirec  that  diabelca  rt-sults  Of  this  character  must  K-  considered  tbc 
Rlyeo«uriu  thiit  (iccun.  ;i(lcr  coiiiprn»i(»n  o(  the  iicfrta  or  the  portal  vein,  although 
the  preiwure  exerted  vwdrr  curti  eircumstanees  mny.  perhai>8,  paralyre  ticTve- 
paths  concerned.  According  to  l^ckhard,  injiu^-  ic  the  vermis  of  the  lirebellum. 
in  ihc  rabbit,  in  %aid  to  bring  alxiut  iliatjeies-  In  human  beingji,  aitu,  allectiona 
ot  the  ncrvouK  slructnrex  nieniioned  may  cause  diabetex. 

Various  explnnalions  have  been  assigned  in  clundation  of  tbc  ultimate  OUM 
of  these  svmptoms; 

(u)  The  xlyei'X'cn  uf  the  liver  may  with<iiit  interference  l>ce<inverled  intomigar, 
as  ferment  mn;-  l>c  conveyed  to  ihc  li^■<■r-ccll»  from  the  blood-masc.  in  conse<iuencc 
of  il8  slat'nalion.  Tbi-ref<Te  the  nwrnnllv  functionating  vasomotor  system  of  lh« 
liver,  and  ospeeially  iis  center,  is.  in  a  certain  sense,  to  bi  designated  an  inhibitory 
system  eontrollinj^  the  protluction  of  suRor, 

(fc)    If  it  be  assumed  that,  under  normal  conditians,  a  certain,  cwn  thoueh' 
•mail,  amount  of  sugar  Hous  continually  from  the  liver  intn  the  blood,  through  the 
hepatic  veins,  dialiete*  might  W  explained  as  flcfteiidirg  on  the  abohiiim  d  thrmc 
metalmlic  pnKTS-ies  (denmcd  c<miiui»li(>n  nf  -nigar)  ihat  ccnistantly  remove  ihis 
sugar  from  the  blood  under  normal  conditions. 

The  followmg  c.\pcrimcnis  appear  to  conltrm  this  Ulier  view:  Independently 
of  one  another,  v,  Meriii^;  and  Mmltowski,  an  well  as  de  Donunicis.  ■J'served  that 
dogs  lii'eomc  diabetic  ntu-r  total  rvn«pval  of  the  pantre-is.  Aceordina  to  Min- 
Iccwslii.it  is  the  function  of  the  pnnercnstn  consume  the  i!ii({ar"f  the  bkvMl  L^ina 
and  Barral  state  that  a  ferment  is  produced  in  the  panert^^as  that  deslrtA-s  the 
sugar  in  the  blood;  so  that  after  extirpation  of  the  pancreas,  sugar  mui.t  aiccord- 
ingly  accumulate  in  the  bloiwl  The  ferment  is  contained  in  abundanee  within 
the  leukocytes  in  the  portal  vein:  wmc  is  derived  from  the  I>Tiiph,  perhaps  abo 
from  other  alxtiiniinBl  glands.  Afier  cMirpaiion  of  the  pnncnras.  tbc  blood  con-' 
tains  httle  sugar-dcjftroytnjf  fentieni.  Kohsch  and  von  Stejsltal  found  mnch 
jcoorin. 
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PflOger  t^xpr«»ses  himself  aa  follows  m  to  the  development  of  diabetes  mellitua: 
The  sugar  Icirined  by  tlic  liver  in  excessive  ani(nin(,  i»  conKcquence  of  abiiomialyl 
incn-iued  m-n'inis  i-xciMiiioH.  xtinuiluii-s  the  pnncn-iui — tor  it  is  pnwilile  thai  tins 
^and  IaIccs  part  in  the  s>-nihetic  production  of  f*l  from  sugar — or  the  fnt  ftiTmirx 
oivans  to  the  production  of  ati  increased  aniuunl  uf  fut.BO  ihatvftcn  fat-fomiation 
ttutes  place  Jit  the  bi-xmiitiij;  o(  {lie  diwa«^.  A^  xxiii  n<  the  (ut-prwJucing  organs. 
«xhau£tcd  and  paralvn.-d  from  ovcroctivitv.  Arc  no  longer  capnljlo  of  divjx.winK  of 
tbc  eugnr  wholly  or  in  part  (which  may  also  be  the  result  of  cxeeswivp  ittpestKin 
of  SiU^r).  tins  is  excreted  hy  the  kidneys.  Iiecau^e  even  the  healthy  body  cannot 
awiimilate  the  sre«ter  pcrlilm  of  the  I'ujjiir  a.t  siieh.  bnt  only  after  it  fiua  l>een 
transformed  into  falB  or  into  soaps  The  liinnji;  body  strives  to  make  ijtxid  ihc 
resulting  great  loss  in  nutritive  material  by  ihc  asHinulation  of  larger  amounts  of 
albumin  and  fat.  Xaturally  a  varietv  uf  dinbete.s  is  i-oiieeivahlc  wiiliout  hepatic 
diKea«i:  iis  the  n:*uU  uf  pariilvKin  of  t^c  jiancrens.  vt  uf  the  fatprtidiiriiij;  oritnrs. 
Lcpine's  discover)'  of  a  glycolytic  fcmicni  j'iclded  to  the  bk'od  t>y  the  pancrvnn, 
which  dceompoM-s  tlw  sugar  in  the  blood  in  some  aa  yi-t  unkiiuwn  mmmer,  and 
which  is  absent  or  dimini^cd  in  easen  e(  diaLcti-*.  would  readily  accord  wiih  the 
forcsnoiiii;  hy|ii>t)ieiis. 

In  the  prt^enco  of  pancreatic  diabetes,  puncture  of  the  floor  of  the  fmirlh 
ventricle  increases  the  excretion  of  sugar;  likewise,  remarlably,  the  addition  of 
raw  [>an<:re;t%  to  the  food. 

(e)  Phhiridnn,  a  xlucosid  fn>m  the  bark  of  the  roots  of  chenr-lrccs  and  apple- 
trees,  after  ingestion  catiscs  the  siigar  nonnally  prcscnl  in  tlie  blood  lo  pa»s  rapidly 
over  into  the  urine,  so  that  the  latUr  cuntuius  a  lnrj{L-r  and  the  Conner  a  ttmallcr 
amount  of  sujcar. 

(rfj  According  to  Biedl,  diabetes  occurs  after  ligation  of  the  thoracic  duct  in 
the  dog. 

The  enonnous  need  of  food  and  dhnk.  loRi'theT  with  the  signs  of  eonsumplion 
of  tile  binhly  tiESves.  Is  chanicierislie  at  diabelic  p.ilii-nts.  Not  rarely,  in  severe 
cases,  collapse-like  coma  is  obser\ I'd,  which  has  been  de^ngnatcd  also  diauetie  coma, 
and  during  ihe  existence  of  which  the  hnath  ofu-n  sraells  of  acetone,  which  can 
also  be  den iun.it rated  m  the  urine.  fJiabctic  piitii-nls  living  on  an  excluMve  meat- 
diet  exhibit  diacL-lic  acid  in  the  urine,  in  addition  lo  acelone.  Neither  nietfuic 
norilsanteeident,  diaceiic  aeid  (which  can  he  nmeniiu-'d  hv  tlie  reddcnmg  of  the 
orine  when  dilute  ft-rrie  chloiid  is  uddc-d  droj)  by  drop),  after  the  adminiHt ration 
of  which  the  unnc  contains  much  oci-lonc,  is,  as  direct  feeding-ex penm«nt»  ithow, 
Ihc  cau<«  of  this  com*;  which  is  perhaps  the  result  of  cxciiwJvo  Rcid-prndiuMion 
in  the  body,  therefore  an  aeid  intoxication.  To  netitrahxe  the  acid,  inereased 
elimination  nf  ammonia  takes  i>laee  from  the  hixly.  The  unnnrv  tubules  often  ex- 
hibit Kiiins  of  c'«ii:iil.itiiin-necriisis.  which  can  lie  recojiniicd  by  a  briiiht  an<l  jwolltn 
appearance  of  the  necrotic  cells  of  the  liibiiles.  v.  Frcrichs  found,  further.  b1jci>- 
gcnic  degeneration  ia  Hcnle's  loofts.  in  the  hver.  tht  heart,  the  leukocytes  and 
llic  luoss.     The  urine  "f  diabetic  patients  is  disciisaeil  on  p,  501. 


THE  CONSTITUENTS  OF  THE  BILE. 

The  bile  is  a  transparent  fluid  varying  from  yellowish  browTi  to  dark 
green  in  color,  of  a  sweetish,  bitter  taste,  feeble  musk-like  odor,  and 
feebly  acid  or  neutral  reaction.  The  specific  gravity  of  liunian  bile  from 
the  gall-bl.idder  is  between  1026  and  103a,  while  that  cnllected  from 
a  tistula  varies  from  loio  to  101 1.  The  constituents  of  the  bile  are  as 
follows: 

Mucus,  and  in  addition  a  considerable  amotmt  of  mucoid  nucleo- 
albumin,  which  together  make  the  bile  ropy,  are  products  of  the  mucous 
glands  and  the  goblet-ceils  of  the  mucous  membrane  of  the  bile-ducts. 
They  are  precipitated  by  alcohol,  or  dilute  hydrochloric  acid  or  dilute 
acetic  acid.     They  ciii-se  rapid  putrefaction  of  the  bile. 

The  two  biliary  acids  :  glycDthoiic  acid  ami  taurocholic  acid,  the  so- 
called  conjugate  acids,  combined  with  sodium  (and  with  potassium  in 
traces)  to  form  sodium  glycncholatc  and  taurocholatc,  have  a  bitter 
taste  and  are  dextrorotator)'.     In    Ininian  bile,  as   in  that  of  cattle, 
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glycocholic  acid  predominates;  in  camivora.  the  sheep,  the  goat,  tauro- 
cbolic  acid. 

{a)  Glycocholic  aiid,  Ct(H,|NOt.  is  decomposed  by  boiling  irith  potas- 
sium or  barium  hydrat«  or  witli  cHlute  mineral  ackls,  and  by  taking 
up  water  splits  into — 


C»,H„0.     =     CwHuNO,      +      H,0 

ChuUlicv      —    Clrcmlitlii:  Acul     t      WaicT. 

chlillC  Arid     ' 


(b)  Taurocholic  cicfti.C„II,tN'SO,.  decomposes  wnth  similar  tieatment 
and  addition  of  water  into — 


C,H,NSO,      +      C„II,0. 
islptaunc  icid.  pri»- 


C,H-NSOf 


,      -t-     H^ 

And       •       Vitimr. 


De-toftftraticM  of  thg  Biliofy  Afi^r.—'The  bile  is  rvaporatcd  Ko  Of»e-{'>urth  its  vol- 
uoic,  triturated  to  a  pasty  mass  ivith  animal  chaicoal  to  remove  the  colohng- 
tiuitt«r,  and  dried  at  ioo°  C.  The  black  maw  is  extfACMrt  with  nhsoluti?  aU;oh'>l, 
wliicb  passes  colorless  through  the  filter.  After  a  portion  of  tlie  alcohol  hax  l>een 
driven  oR  by  evaporation,  thi*  iid'liijon  of  an  fxcvsx  of  cthtT  causes  at  first  a 
nsinoid  precipitate  of  ealts  of  ihe  biltar\'  acids,  which  later  pa^s  over  into  a  cr>-s- 
lalline  ir\ass  of  brilliant  needka  C^'-'tner^s  crvitalttzcd  bite).  Tlic  alkatin*  salts  ol 
the  biliary  acids  obtained  in  this  way  an;  rcanlily  nduble  in  wjiter  or  alcohol,  but 
are  insoluble  in  ether.  From  the  solution  of  both  salts  neutral  lead  acetate  pre- 
cipitates a  portion  of  llic  fi^lvcochotic  acid  as  lead  glycocholatc.  The  latter  is 
collected  on  a  filter,  di»wlv«d  in  hoi  alcohol,  and  lead  sulphid  is  precipitated  by 
hydrogen  tuhihid.  Alter  removal  of  the  precipii.ite,  the  addition  of  water  cativoA 
separation  of  the  isolated  glyeocholic  acid.  If.  after  precipitation  of  tho  lead 
glycocholate ,  basic  lead  acetate  is  added  to  the  lilirate.  a  prw;ipiiatc  o(  lead 
taurocholate  forms,  tincontaminated.  however,  by  load  glycocnolate.  from  wbieh 
the  free  acid  is  subsequently  obtained  by  analogous  treatment. 

According  to  Scbotten  and  otiiers.  human  bile  containa.  in  addition  to  cholic 
acid.  Btill  another  acid,  fellic  acid  (CaHaOO:  tbo  bile  of  cattle  cuntains  cholic 
acid  <C„M«0,). 

Of  the  producta  of  decomi>osition  of  the  liiliary  acids,  ^lycin  does  not  occur 
as  such  in  the  bod/,  but  only  in  the  bile  in  combination  with  cholic  acid,  tn  the 
uhne  in  combinntion  with  benaoic  acid  as  hlppuric  acid,  and  finally  in  gelatin 
in  complete  combination, 

Cholic  acid  is  dextrorotatory,  insoluble  in  water,  soluble  in  alcohol:  it  it 
soluble  with  diiricuHs'  in  ether,  separating  out  in  prisms.  Its  cr\-suil1ine  alkaline 
salts  are  readily  soluble  in  water,  like  soap.  With  iodin,  in  direct  light,  it  yields 
a  yellow,  in  transmitted  light  a  blue.  cryataUine  combination.  It  occurs  free  only 
in  the  in  textine. 

Cholic  acid  is  replaced  in  the  bile  of  some  animals  by  a  related  acid,  as, 
for  example,  in  the  bik  of  suinc,  by  hyocholic  acid :  in  ibebilcof  gocsc.chenocholic 
acid  is  present. 

By  boiling  with  concentrated  h^xiTochloric  acid  or  heating,  dry,  to  309**  C 
cholic  acid  18  changed  into  an  anhydrid  rtyRlvsin. 

Dyslysinisonly  an  artihcial  product  an <i  never  occurs  in  the  intesiitMS.  Whea 
fused  with  prttaisium  hydrate,  il  it  chanj^ed  back  to  potastium  cholate. 

Pettenxofer's  Teat. —The  l-ili-irj'  anils,  the  cholic  acirls  ami  their  anhydrids. 
when  dissolved  or  broken  up  in  water,  and  on  addition  of  iwo-lhirds  concentrated 
sulphuric  acid  (drop  by  drop,  without  jicrmiiting  the  Icmpernture  of  the  fluid  to 
rise  utHive  70*  C.) ,  and  o  few  drops  of  a  10  per  cent,  solution  o(  canc-^ujpir.  yield 
a  purplish-rcd  tmnspRrcnt  color,  which  shows  two  absorption -bands  in  the  ipcc- 
tnira,  at  E  and  P. 

Before  examining  a  soluli^n  fir  the  presence  "f  bili«r>'  acid«,  the  alhumin  must 
always  be  first  rcmcvt-d.  a*  the  Intti^r  yicldx  a  umilar  reaction,  uilhougli  the  red 
solution  here  is  characterixed  byonlv  one  absorption -l>and  If  only  email  .iraounts 
of  biliary  acids  are  present,  the  fluid  must  first  be  concentrated  by  evaporation. 
Chole«terin.  stearic  an<l  oleic  acids,  as  well  as  phenol  and  pyrocatechin.  exhibit 
a  similar  reaction.     Pettcnkofer's  test,  thereforv,  is  absolutely  reliabte  only  whwi 
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the  sftlts  of  th«  bilian,*  adds  in  alcoholic  trxtrart  arc  pircipilatrd  and  thus  isolauil. 
It  depends  on  the  production,  from  Ih«  reaction  between  sugar  ami  sulphuric 
acid,  of  furfurol.  which  is  tt.-iined  red  in  the  uresence  of  the  t)ihiir>'  iickU.  Instead 
of  sugar  B  o.t  prr  cent,  aqueous  solution  of  turfurol  may  be  cinp]o>'cd  with  advaii' 
Idgc  lor  tJiis  reaction. 

The  biliary  acids  are  fonncd  in  the  liver,  as  extirpation  of  this  organ 
is  not  followed  by  thctr  accumulation  in,  the  blood. 

The  manner  in  detnil  in  which  the  production  a(  the  nitrogenaus  bilinr^  aeids 
cakes  place,  is  unknonii,  althoti^  they  arc  Buppoecd  to  result  from  albumin  A 
generous  protHd  diet  increasea  toe  secri^iion  of  bile.  Taurin  contains  the  sulphur 
of  tbeproteid;  the  biliary  acids  contain  from  4  10  6  percent,  of  sulphur.  Prouibly 
the  substance-  of  the  rrd  blood •corpiucles  broken  iip  in  the  liver  takes  part  in 
their  product  ion, 

Tbe  Biliary  Pigments. — Fresli  human  bile  and  that  of  some  animals 
is  yellowish  brown  in  color,  due  to  the  bilirubin  present  wliich  is 
combined  with  an  alkali.  Under  the  influence  of  oxygen,  heat  and 
light,  bilirubin  is  transfoniied  by  oxidation  into  a  green  pigment,  biliver- 
din.  This;  predominates  in  the  bile  of  herbivora  and  of  cold-blooded 
animals,  and  likewise  often  in  the  state  of  hunger. 

(o)  BHirtibtH,  C„HjbN,0,.  from  0.15  to  o.aj  per  cent,  in  human  bile, 
according  to  StAdeler  and  Maly  in  combination  with  an  alkali,  cr>'S' 
tallizcs  in  transparent,  sorrel,  clinorhombic  prisms.  It  is  insoluble  in 
water,  hut  soluble  in  chloroform,  by  means  of  which  it  can  be  separated 
from  biliverdin,  which  is  insoluble  in  chloroform.  It  combines  with 
alkalies  as  a  monobasic  acid  and  is  thus  soluble.  It  is  identical  with 
hematoidin. 

It  is  nio«t  ea*ily  prepared  from  red  fpill-slonos  formed  of  bilirubin  and  lime, 
which  .\rc  thlur.-itcd,  ihc  lime  heme  dissoh'ed  out  by  meims  of  hydrochloric  ncid. 
On  agitation  with  chlorpfnrm  the  bilirubin  is  taken  up.  The  derivation  of  bilirubin 
from  hemoRlobin  is  not  to  be  doubled,  on  account  of  its  identity  with  hematoidin. 
frubi^hly  red  blood -cof^niscleii  are  brukcti  up  in  the  liver,  and  their  hemoglobin  is 
converted  into  bilinibin. 

In  norma!  bile  from  a  dog.  a  pismcnt  is  not  larciy  present  having  the  spectral 
properties  of  meihenniKUihiii,  anil  which  perhaps  represents  a  body  intermediate  be- 
tween the  hemoglobin  and  the  coloring  matter  of  Ihc  bile, 

(b)  Biliverdin.  C„H„N,0,.  is  an  oxidation-stage  of  bilirubin,  from 
which  it  can  be  obtained  by  various  oxidising  processes.  It  in  readily 
soluble  in  alcohol,  with  great  difficulty  in  ether,  and  not  at  all  in  chlo- 
roform. It  is  present  in  large  amount  in  the  placenta  of  the  dog. 
It  has  not  as  yet  been  possible  to  reconvert  it  into  bilirubin  by  means 
of  reducing  agents. 

Gmelin's  TcsL— Bilirubin  and  biliverdin,  which,  in  addition  to  the  bile,  are 
occasionally  fuumi  also  in  other  fluids,  at  times  in  the  urine,  arc  demonstrated  by 
Gmelin's  test.  If  lo  the  fluid  containing  the  substances  named  arc  added  several 
<?ubic  centimeters  of  nitric  acid  and  one  drop  of  nitrous  acid,  which  arc  permitted 
lo  flow  carefully  from  the  edge  down  the  sides  of  a  conical  kI'W*- withmit  rtgitntion. 
a  play  of  colors  result;  as  follows:  green  (biliverdin) ,  blue,  violet,  red  and  yellow. 

{£)  if  the  addilioii  of  acid  is  stopped  when  the  color  becomes  blu«.  thus  pre- 
venting further  o.xid.ition.  .■»  staWt  ir.ms  format  ion-product  remains,  nnmely  pi/i- 
ciivmiti.  This  has  -i  blue  cnlor  in  acid  soUition,  a  violet  color  in  nlkalini;  soUition, 
and  it  exliibtis  two  ill-defined  absorption -ban  da  at  D.  Haycrafl  and  Schotield 
were  able  to  ch-Tnge  this  t_ack  by  reduction  wiih  ammonium  stilphid. 

Flui'ts  containing  biliary  piEirw-nt,  if  boiled  (or  from  three  to  live  minutes  with 
ORc-third  formalin,  acqutrc  an  emerald  •green  color,  which  is  changed  to  amethyst 
violet  on  addition  of  hydrochloric  acid. 

(tf)  Small  ninnuntx  of  IrilijuKin  (bilirubin  -f  water)  have  abo  been  found  in 
gsU-fftoncs  and  putrid  bile. 
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(f)  Bdiprasiti  {bilirubin  +  tratcr  +  oxygen)  has  also  be«a  found  under  like 
conditions. 

(ff  The  jxllfiw  pigment  finally  obtained  by  the  continued  oxklittng  effect  o£ 
the  nitric-aeid  mixturv  upon  all  of  the  biliary  pigrm^is  la  ih«  ek^utin  of  Haly. 
('„H„\|0,;  it  i5  amorphous,  and  soluble  in  water.  alcohf>l.  acids  and  alkalies. 

(g)  With  addition  of  hydrogen  and  water  in  the  intestine  througt 
the  agency  of  bacteria  bilirubin  passes  over  into  the  hydiohilirubin  of 
Maly,  CjjH„N',0,.  The  same  result  can  be  brought  about  artificially  by 
treating  an  alkaline  aciueous  solution  of  bilirubin  with  actively  reducing 
sodium- amalgam.  Hydrobilirubin  is  but  slightly  soluble  in  water, 
more  readily  in  salt -solutions  or  alkalies,  alcohol,  ether  and  chloroform, 
and  it  exhibits  an  absorption- band  at  F.  This  body,  which,  according 
to  Hammarsten.  occurs  even  in  nomial  bile,  is  a  constant  pigment  of 
the  feces,  from  which,  after  aciduLilion  with  sulphuric  acid,  it  can  be 
extracted  by  a1>Kolutc  alcohol.  Probably  it  is  identical  with  the  pigment 
of  the  urine,  the  urobilin  of  JafTi^.  Hydrobilirubin  is  formed  in  the 
intestine  from  ingested  bile,  being  in  part  absorbed  and  excreted  from 
the  portal  circulation  through  the  bite. 

Kvdmbilirubin  to  which  a  drop  of  sulphuric  acid  anil  some  [XHassiuin  nitrate 
Rxc  added  aentn   yicWi:  Onu-lin'!'  reaction.     Fresh  fecal  matter,  broken  up  in 
porcelain  dish  m  a  concentrated  snlutiriii  of  mercuric  chlorid,  yields  a  red  color  t 
the  reaction  <_•(  hydrt-bilirubiu.  while  admixture  vi  bitiruliiu  eauatit  a  ^-nvn  colofP 

Cholesterin  forms  transparent  rhomboid  plates  (Fig.  9a,  d).  is  in- 
soluble in  water,  but  soluble  in  hot  alcohol,  in  ether  or  chloroform. 
In  the  bile  it  is  kept  in  solution  by  the  salts  of  the  biliary  acids.  Cholcs- 
terin  is  not  a  secretory'  product  of  the  liver,  but  a  product  of  the  disinte- 
gration of  the  epithelial  cells  of  tlie  btliar>'  passages. 

it  in  itinst  easily  obtained  from  the    ito-ralli-d  white  f^all-xtoncs,  which  not 
rarely  conn.it  principally  of  almost  pure  cholcMerin,  by  boiling  the  triturated  cal!! 
culi  with   alcohol.     The  cr>'stals  that  separate  on   evaporation  of  the  alcohoi] 
become  red  in  color  from  tlie  edges  on  addition  uf  suJphurie  aeid  (five  volumes  t< 
oat  volume  of  wateri.  and  blue,  like  celtukice.  on  addition  of  culphuric  acid  an^ 
iodin.     Diftsolved  in  chlorolnrm.  one  dmp  of  crmwntralrd  jtulnhtiric  aeid  prod\iec»' 
a  deep-red  color      Miiistencd  with  a  di.-ep  win<^-yellow,  alcoholic  solution  of  iodin, 
the  crystals  exhibit  green,  blue  and  red  coloration  after  addiiiun  o(  sulphuric  acid. 
Dixsclvcd  in  glacial  acetic  acid,  addition  of  sulphuric  acid  produces  firat  a  rcnc* 
red.  then  a  lilue  color. 

Other  Organic  Substances. — Lecithin,  or  its  decomposition-products, 
neurin  :ind  glycerin-phosphnric  acid;  palmitin,  stearin,  olein,  as  well 
as  their  sodium-soaps;  diahiiatic  ferment;  traces  of  urea,  at  times 
ethereal  s^ilphuric  acids;  acetic  and  propionic  acids  and  traces  of  myris- 
tinic acid  in  the  bile  of  cattle. 

Fat  reaches  the  bile  from  tlie  Uvcr  and,  convcroclv,  fat  is  in  turn  abvorti 

from  the  bile  in  the  luliarv  pasiages  (epithelial  oella  of  the  calt-bladder).     Frt 

unboiiled  bile  decomposcK  hydroa;en  diond.     Bacteria  ;niro<lucvd  into  the  btood- 
stream  are  in  part  eliminated  by  the  bile. 

The  inorganic  constituents  of  the  bile  (from  0.6  to  i  per  cent.)  include 
sodium  cblurid,  potassium  clilorid,  0.3  per  cent,  soda,  alkaline  sodium 
phosphate,  calcium  and  magnesium  phosphate,  and  an  abundance  of  iron. 
The  last  yields  the  usual  reactions  of  iron  even  in  fresh  bile,  so  that 
iron  must,  be  prcwnt  in  the  IJile  in  one  of  its  oxygen- combinations. 
Finally,  some  mangani'se  and  tiilica  are  present.  Freshly  secreted  bile 
from  the  dog  contains  more  than  50.  from  the  rabbit  109,  volumes  per 
cent,  of  carbon  dinxid.  in  part  combined  with  alkalies,  in  part  absorbed, 
the  latter  being  almost  completely  absorbed  within  the  bladder. 
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Analyiis  of  Human  Bile. — Water,  from  Sa  to  90  per  ctnl..  tails  of  the  'biliary 
acids,  from  6  to  11  percent.,  fals  and  scaps.  3  perMnl.;  eholpBtcrin.  0.4  jjcrcwit.: 
k-citUiii ,  o-s  per  cent.;  miidii,  from  i  to  3  per  ccni,:  ash,  0.6  per  ctnt.  The 
ainoum  of  sulphur  cmiiaincd  in  drj-  Ink  from  n  Ao^iufnim  1  Stu  yt  pt-rcfni, :  the 
amount  of  nitrogen,  from  7  to  10  percent.  Thesulpltur  of  the  Inlcis  not  oxidii^d 
into  sulphuric  aicid,  but  it  &{;pcar8  in  aulphur-con taming  compounds  in  the  urine. 

SECRETION  OF  BILE. 

The  secretion  of  bile  is  nol  a  simple  Sltration  of  already  prepared 
materials  from  the  blood  through  the  livtr.  hut  a  chemical  pmduction. 
attended  with  oxidation,  of  the  characteristic  biHary  matters  in  the 
Uver-cells,  which  exhibit  histological  change  during  the  process  of  diges- 
tion, and  to  which  the  blood  of  the  gland  only  supplies  the  raw  material. 
It  takes  place  continuously,  the  bile  being  in  part  temporarily  stored 
in  the  gall-bladder,  and  only  discharged  in  considerable  amount  at  the 
time  of  digestion.  The  higher  temperature  of  the  blood  in  the  hepatic 
veins,  as  veil  as  the  large  amottnt  of  carbon  dio.xid  in  the  bile,  indicates 
the  occurrence  of  oxidation-processes  in  the  liver.  Even  the  water  of 
the  bile  is  not  simply  (iltered  out,  since  the  pressure  in  the  biliary  pas- 
sages may  exceed  that  in  the  portal  vein.  It  appears  that  the  bile  is 
derived  from  proteid  only,  and  that  the  excretion  of  carbon  dtoxid  in 
the  act  of  respiration  bears  a  certain  relation  to  its  production.  In 
animals  (birds)  deprived  of  their  livers  the  constituents  of  the  bile  are 
not  produced. 

Alter  .111  nllwininnuji  (lici  iht-  hver-CL-lU  undtTijo  increase  in  sate,  ami  in  rtill 
grvatiT  'Ir^n-c  nfler  mlitiinistnitifm  of  curhohydrHics.  in  cimnvt-tidii  with  which 
they  contain  glycogen;  while  after  ingestion  of  fai  they  likewise  become  larger  and 
contain  faity  RiJintilt-s,  princiimlly  at  the  EiCTiphery  of  the  livrr-lubiiiex.  IrritJttion 
a(  the  celiac  plcMJa  cn\iM-s  reduction  in  the  size  of  the  cells,  wih  dciicicncy  in 
gtycOTen.  and  it  appcarti  to  spur  them  on  to  hccreijon. 

Tnff  i-xpt;riit]cnip  of  Kallniever  iiiid  Jul.  Klciii.  i^rformed  under  the  direction 
of  Mex.  Schraidt,  havt  yielded  the  intcrcstinj;  result  thai  a  paste  of  fresh,  "sur- 
viving" livcr-ffUs  pr-'diiccs  the  glvcin  and  the  t.iunn  of  the  Lilian"  fteids  from 
a  nuxtlire  of  bemoglobiTi  (or  senim)  and  glyeogen  (or  dextrofw)  and  that  addition 
of  soda  or  0.(1  per  et-nt.  sodium  chliiridfiDlution  tavoTXthi* production.  In  addition 
Iw  this  ]>rod»clioii.  a  Imity  f^'tiihlinif  un-n  is  formed-  It  is  noiv  established  that 
the  source  of  the  latter  is  to  be  referred  to  the  liver. 

Anthen.  under  Alex.  Sclimidt'a  direeUon.  foimd  that  "«urviving"  liver-cells 
possess  the  alnlity  to  take  up  dissfJved  hern»Kl<thiii  in  th«r  celt-bodies,  and.  in 
tie  pmcncc  of  t;iycoEen,  to  tnmsfomi  this  into  a  pigment  closely  related  lu  the 
biliary  coloring- matter. 

TIte  Amofint  oj  iHk. — Copcmann  and  "Winston  found  the  amount  of 
bile  to  be  from  700  to  800  cu.  cm.  in  twenty-four  hours,  in  a  small  woman 
with  a  bili,ir^'  fistula,  in  whom  the  common  bile-duct  was  completely 
dosed,  so  that  no  bile  could  flow  into  the  intestine;  .Mayo  Robson  found 
the  amount  to  be  86j  cu.  cm,  in  a  similar  case;  Paton  found  it  to  be  as 
much  as  680  grams. with  a. a  per  cent,  solid  matter. 

Older  estimates  are:    \\\  cu.  em.  bv  v.  ^Vittieh ;   from  4^J   to  j66  grams 
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by  Wcstplialen;    653  cu.  cm.  by  Rankc,'  in  34  huurs.     ^Vnalogous  eslmiat«3  for 
"   "  of  1' 

'it  era 

0(  guinm-pig  176  grams  (5,1  per  cent,  solids). 


aalmalB  are,  to  ooe  kilogram  oi  Ac 
one  Idlognm  of  rabbit  ij;  g^-ams 


■S  .^'   Rrnma  (i.J  per  cent,  solid  matter);    to 
{1,5  r-^T  cent.  Bolia  matter);   to  one  kilogram 


The  flow  of  bile  into  the  intestine  exhibits  tt\'o  maxima  during  a 
ijjgestive  period,  one  from  the  second  to  the  fifth,  and  the  other  from 
the  thirteenth  to  the  fifteenth  hour  after  the  meal.  The  cause  resides 
in  reflex  stimulation  of  the  hepatic  vessels,  which  in  consequence  become 
greatly  distended  with  blood. 
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The  influence  oj  the  food  is  most  striking.  The  most  abundant  secre* 
lion  takes  place  after  free  ingestion  of  meat ;  on  addition  of  fat  or  carbo- 
hydrates scarcely  any  more  is  formed.  In  a  state  of  liunger  the  quantity 
is  reduced  from  one-third  to  one-half,  and  even  more  with  a  pure  fat-diet. 
The  ingestion  of  water  increases  tlie  amount,  with  simultaneous  relative 
reduction  in  the  solid  constituents. 

The  ir.fltiertce  oj  the  circulation.     The  portal  vein  furnishes  especially-j 
the  material  for  the  production  of  the  bile,  and  in  greater  degree  than  the' 
hepatic  arterj'.     The  latter  is  at  the  same  time  the  nutrient  vessel  of 
the  tissues  of  the  liver.    This  is  shown  by  tlic  following  observations: 

(a)  Simuhaneous  lisalion  of  the  licpatic  artery  (di&mctcr,  i\  mm.)  and  of 
the  portal  vein  (diatoetcr,  16  mm.)  abolishes  the  secretion  ol  bile. 

(b)  U  the  hepatic  artery  i«  lif;atcd.  the  portal  vein  alone  maintains  the  ee«pe- 
lion.  According  to  Kottmoier.  Tiett.  Cohnhi-im  and  Litt^^n.  ligation  of  the  arttry 
or  of  one  of  its  branches  ts  eaid.  further,  to  result  in  necrosis  of  the  parts  suppliea, 
and  poxsihljf  of  thti  entire  liver,  as  the  artery  is  the  nutrient  veuci  of  this  organ. 
After  ligation  of  the  arlerj'  the  prcKluction  of  urra  cJiminishe^  ^oatly:  >^U« 
after  hBalion  of  the  portal  vein  this  is  said  to  remain  almost  normal. 

(c)  If  the  branch  of  tlie  portal  vein  for  a  lobule  of  tlie  liver  is  li^Kted,  only 
slight  secretion  takes  place  in  thin  lohule  through  the  ugcncy  of  the  arter>'. 

Thus  neither  exclusive  ligation  of  the  hepatic  artery  nor  exclusive  gradual 
obliteration  of  the  portal  vciit  {rarely  observed  as  a  morbid  condition)  results  ia 
cesution  of  the  accretion.  Only  diminution  in  the  secretion  takes  place.  The 
obMrvation  that  the  iteCFetion  eeas«a  after  sudden  ligation  of  the  portal  vein 
(which,  besides,  is  mpidly  fatal)  is  to  be  explained  by  tho  fact  that,  m  addition 
to  the  (liminvilunn  111  ihi.'  si-cretir'ii,  the  i-n*'rinou*  blood-stasi*  Jn  the  atidorainal 
viscera  after  this  operation  iiialies  the  hver  intenxely  anemic  and  therefore  unsuited ! 
for  secretion. 

(d)  If  the  blood  ofthc  hepatic  artery  is  introduced  directly  into  the  lumen 
of  the  opened  portal  vein,  lighted  peripherally,  the  secretion  coniirue*. 

(c)  ^lic  pauage  as  raoidly  as  possible  of  large  amounts  of  blood  through) 
the  liver  acts  most  favorably  upon  the  secretion.  In  this  connection  the  pre- 
vailinf;  blood -pressure  is  not  ol  primary  importance,  for  nfttr  ti){atio»  of  the  in- 
ferior cava  attove  the  diaphra;^.  in  consequence  of  which  the  highest  decree  of 
blood-pressure  due  to  stasis  develops,  the  secretion  ceases  The  transfunoo  of 
considerable  quantities  of  biood  always  increases  the  production  of  bite,  altbouefa 
excessive  pressure  in  the  portal  vein,  from  the  iiiiroduction  of  blood  from  tSc 
carotid  artery  of  another  animal  restricts  the  prodtiction. 

(0  Profuse  loss  of  blood  has  n  tendency  to  cuusc  cessation  of  bile-production ■ 
before  the  function  of  tlie  muscular  and  nervous  apparatus  is  aboliahea.     A  mort' 
abtuidant  blood-supply  to  other  organs,  as.  for  example,  to  the  muscles  of  the 
body  cagngcd  in  hard  labor,  diminishes  the  >ecretion. 

is)  i"f  'tfiucHea  of  tht  fxnvj  .'Ml  procedures  that  cause  contraction  of 
the  arteries  of  the  nbdomen.  such  as  irritation  o£  the  valve  of  Vieus$ens,  o(  thai 
inferior  cervical  gangUou,  the  hepatic  ncr\'es  the  snlanchnic  nerve,  the  spinal] 
cord,  whellicr  directly.  :ui  by  itlrychnin.  or  rellexly,  ny  irritation  of  the  Eeasoryj 
nerves,  diminish  the  secretion'.  All  procedures  that  induce  stagnation  of  blood  in  tM4 
hepatic  vessels,  such  as  division  of  the  splanclinic  nerves,  diabetic  puncture,  divi>j 
sion  of  the  cervical  cord,  have  a,  like  efTcct.  Pnralysis  (ligation)  of  the  hcpatiej 
nerves  is  said  at  first  to  increase  the  secretion  of  bile,  vrith  reddening  of  the  liver^ 

(h)  With  regard  to  tlic  raw  material  brought  to  the  liver  by  the  blood-vcateti 
for  the  produclivn  of  bile,  the  difference  in  the  composition  of  the  blood  in  thi 
hepatic  vcinx  and  that  in  the  portal  vtin  ts  noteworthy.  The  blood  in  the  hepatic 
veins  contains  somewhat  more  sugar,  lecithin,  cholcsterin,  and  blood-eorpusclea 
but,  on  the  contrary,  it  is  deficient  in  albumin,  fibrin,  hemoclobin.  fai,  water  and 
salts.  The  liver  is  canabte  of  excreting  imcliani^d  in  t}»e  bile  biliary'  pigment 
circulating  in  the  blood. 

The  production  of  bile  is  dependent  preeminently  upon  the  trans- 
formation of  the  red  blood -corpuscles,  as  they  furnish  the  material  for 
the  formation  of  some  of  the  constituents. 
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All  procedures,  therefore,  tbat  induce  increased  dcauniction  of  red  blood- 
corpuscks  make  the  hvcr  ricb  in  bcaioglobui  and,  as  a  rcHvdi.  cause  increased 
pTu^uctton  of  bill,  al&o  pathologic  ally,  as,  for  example,  in  the  prescitce  of  malaria 
and  blood-degetMrations. 

Naturally,  a  normal  condition  of  the  Uver<cells  is  necessary  for 
normal  secretion. 

For  obsen-ing  the  secretion  of  bile  in  animals,  a  biliary  fistula  Is  established, 
the  fundus  o{  the  gall-bl  adder  being  opened  xomewhat  to  tne  right  of  the  xiphoid 

Eroccss.  and  then  bring  mturcd  into  the  abdominal  wall,  with  the  aid  of  a  cannula 
cpt  constantly  open.  As  a  rule,  all  of  the  bile  will  then  !«  discharged  externally. 
If  absolute  certainly  in  the  latter  connection  be  desired,  the  common  bile-duct 
should  be  liRated  in  two  places  and  divided.  Soon  after  the  citablishment  of  a  fi»- 
tjiln,  the  secretion  of  bile  diminishes.  This  is  dependent  upon  the  removal  of 
the  l>i!e  from  the  body.  Introduction  of  bile  in  the  body  from  some  otheT  source 
again  increases  the  secretion.  Various  inveatigatora  have  been  able  to  observe 
directly  Iriltnry  listul^c  develnpeil  pat  hoi  op  call  y  in  humAn  beinKs.  In  dogs 
regeneration  of  the  divided  bile-duct  may  take  place. 


EXCRETION  OF  BILE. 

This  takes  place : 

I.  Through  the  constant  advance  of  fresh  amounts  of  bile  from  the 
seat  of  production  toward  the  excretory  duels. 

a.  Through  the  periodic  compression  of  the  liver  by  the  diaphragm 
from  above,  with  esch  inspiration.  In  addition,  esch  inspiration  accel- 
erates the  blood-current  in  tlie  hepatic  veins ;  each  respirator)'  increase  in 
abdominal  pressure  hastens  the  blood-current  in  llie  portal  vein. 

Whether  the  diminution  in  the  secretion  of  bile  following  bilateral  division 
of  the  pneumo gastric  ner\'es  is  to  be  exnlained  in  this  manner  has  been  decided 
in  the  aHirmative.  Neverthelewi  it  is  to  he  liomt  in  mind  that  the  pncumoRastric 
□crvc  sends  branches  to  the  hepatic  plexus.  WTicther  the  excretion  of  bile  is 
tJso  decreased  after  paral^'sis  of  mc  phrenic  nerves  and  relaxation  of  the  abdom- 
inal preiiaure  is  andetcmuncd. 

3.  By  the  peristaltic  contraction,  ever>'  fifteen  or  twenty  seconds,  of 
the  unstriped  muscle-fibers  of  the  large  biliary  ducts  and  the  gall-bladder, 
the  secretion  is  forced  onward.  Stimulation  of  the  rc^on  of  the  spinal 
cord,  from  which  the  motor  nerves  for  these  structures  are  derived 
(through  the  splanchnic  nerves),  for  this  reason  induces  acceleration 
of  the  discharge,  which  is  later  followed  by  retardation.  C'ndcr  normal 
circumstances  this  stimul.it inn  appears  to  be  due  to  reflex  action,  ex- 
cited by  the  entrance  of  the  ingcsta  into  the  duodenum,  in  conjunc- 
tion with  stimulation  of  the  movement  of  this  portion  of  the  intestine. 

The  movement  of  the  biliary  ducts  can  be  in  pan  excited,  in  part  inhibited 
rellcxiy  by  .it  i  in  illation  of  the  central  end  of  vhc  pnmmoKa.itric  or  o(  tlie  sciatic 
gcrvc.  According  to  Oddi,  the  common  Ulc-duct  is  prov-ided  with  a  sphincter 
at  its  duodenal  orifice,  which  is  atiected  hy-  redcx  intlucnees:  eastro- intestinal 
irritation  is  believed  to  cause  spastic  contraction,  which  would  not  be  unimportant 
in  the  explanation  of  attacks  of  jaundice  of  nervous  origin. 

4.  Direct  stimulation  of  the  liver  or  reflex  stimulation  of  the  spinal 
cord  retards  the  excretion.  On  the  other  hand,  extirpation  of  the  hepatic 
plexus,  as  well  as  injury  to  the  floor  of  the  fourth  ventricle,  lias  no  dis- 
turbing influence.  The  splanchnic  nerve  is  the  motor  ner\*e  of  the  bile- 
ducts  and  the  gaJl-bladdcr.  Stimulation  of  its  central  extremity  causes 
relaxation  of  ducts  and  bladder,  while  stimttiation  of  the  central  end  of 
the  pneumogastric  nerve  causes  their  contraction,  together  with  relaxa- 
tion of  the  sphincter  of  the  duodenal  orifice. 
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5.  Stasis  of  bile  occurs  in  the  bile-ducts  even  from  relatively  sligl 
resistance. 

A  manomctrr  fastened  in  tlic  gall-bladder  of  a  giiinca-pig  h^lancrH  a  colu 
of  water  more-  than  aoc  mm.  high.     Up  10  this  pressure,  iheafofc,  sccrrti 
took  place,     Jf  this  prexiure  ivi-rt!  mcreavcj  vt  niumtiuiii'i]  fur  an  excvKiivt* 
lone  time,  absorption  ot  the  water  of  the  bile  into  the  blood  look  phicv  on  the  pai 
of  tlie  Uver.  up  to  abi>«t  four  time*  the  weight  of  the  liver,  as  «  result  of  whiei 
solution  of  red  bli>od -corpuscles  by  the  bile  ahaorbed  took  plac*  at  the  same  tiirn 
with  th«  paRsace  of  horaoglobin  into  the  urine. 

Various  snhslanci-s  thnt  t-ntiT  ;he  ctrrulalioii  readily  puss  over  into  the  bi 
particularly  the  melalE.  which  arv  aUo  deported  in  tli*.-  hepatic  tissue.     Furthi 
potaiutitn  iodid.   brotnid.  and  ftrruey&iiid.  pol&ssium  chlorate,  arsenic,  oil 
turpentine,  bile  injected  into  the  blood  (also  that  from  other  animals),  indiL 
carmine  and  xanthophyllin  pass  over:  less  rcadlLy.  catic-sug^r  and  grapcsugar. 
aodtuin  oalicyUtc  and  carbohc  acid.     Sugar  has  Liccn  found  in  cases  of  diabetes, 
Icuciii  and  tyrosia  in  cusca  of  typhoid  fever,  altered  liemofilobin  in  tlie  presence 
of  blood -degen era tion,  lactic  acid  and  albumin  under  other  pathological  con- 
ditions 

Some   Bubstanc«8  promote  the  accretion   of  bile.   oHvc-oil   most   intensely 
furtlier.  oil  of  turpentine,  sodiuin  salicylate,  alkalies  and  laxatives,  bile  and  uuts 
of  tbe  biliary  acids  (particuhirly  from  other  Krectes  of  animal*),  which,  after  »' 
sorption,  are  again  secreted  by' the  liver      Pilocarpin  and  atropin  diminish  " 
secretion.     The  so-called  lympha^ogm-^  induce  marked  secretion  of  bile  in  cc 
quenct!  of  increuaed  hepalic  activity;   the  iinrejise  of  lymph,  on  ihe  part  of 
In-cr,  is  thought  to  depend  upon  the  latter. 

RESORPTION  OF  BILE. 

Symptoms  of  Jaundice  (Icier  us;  CholeraJai.  If  an  obstruction  occurs  to  the  dis- 
charge of  bile  mio  the  intestine,  ^as.  for  example,  a  plug  of  mucus  or  a  gall-stone 
ocdudtnt;  tliL'  coiiiiiivii  Inlctluct.  or  a  tumor  i^r  pressure  from  without,  rendering 
the  duct  impcnriouE.  the  biliary  passages  become  distended,  and.  through  their 
distentico,  cauM'  enlarg<rnent  of  the  liver.  Tlie  presHure  in  the  biliary  pusaat>eB 
is  naturally  increased  under  such  condilioits.  As  soon  as  this  pressure  has  reached 
a  certain  point,  in  the  do^  up  to  175  mm,  of  a  column  of  toe  excreted  bJl*— (i« 
must  soon  takr  place  with  the  eontinucd  production  of  bile — resorption  of  the 
bile  (roni  the  greatly  distended  bile-ducts  of  larger  siz*  into  the  lymph- veascls 
(not  intiJ  the  Uttod-VL-sseN)  of  the  liver  occi;r».  In  this  way  the'bifiary  acidS 
and  the  biliiiry  coloring-malter  enter  the  blood.  Ligation  of  the  thoracic  duct 
therefore  pn-venis  the  entrance  of  the  substances  into  the  blood-  AUo  when 
the  pres.Hurc-  witliii)  thv  purUil  vein  is  abnormally  l^iw.  iL  ia  th<>u|:hL  that  bile  con 
pass  o\-er  into  Ihe  bluud  without  occlusioa  of  the  bile*ducts.  This  is  said  to 
t>o  partly  the  cn»c  m  the  presence  of  icterus  neonatorum,  a«  blood  no  long^^ 
«ntera  the  pi-rtnl  vein  fr\«ii  the  umbilical  vein  after  the  umbilical  cord  has  bwn 
tied;  further,  in  the  presence  of  the  "hunger- icterus"  observed  dunng  th^^ 
slate  of  hunger,  n«  m  the  sliigo  of  inanition,  the  distribiilion  of  the  portal  vein  ifl| 
rclativelv  empty,  on  account  of  defident  absorption  from  the  intestine.  ^H 

Choiemia  may.  however,  result  also  from  the  excesaive  production  of  tiile 

(hypcrcholia).  which  cannut  be  completely  discharKcd  into  the  intestine,  and 

thus  is  rcsorbed.     This  takes  place  when  erjthrocytes.  which  furnish  tbc  material 

for  ihc  manufacture  of  tlic  btle,  arc  dwtiroyed  in  i-.tceMivc  amount.     From  Ihis 

material  only   the  liver  can  elaborate   bJe.      Under  such  circunutiuiees  a  phiK 

oi  inirpissaled  s>.'crct:ou  at  times  forms  in  the  bilcduets,  ns  a  result  of  which. 

in  consc^tienrp  't  iln.>  >.■  .1  ^lut  |.)n  of  the  bili-.  its  rcsorf'tion  is  in  turn  fftV(*rid.     TU» 

transfusion  i.i  :  '  lood  aeti  in  this  way,  in  consequence  of  destructioo 

of  the    red    1.  Therefore  icterus  i»   a  frequent  symptom  under 

su<--  I'Oi  lias  encountered  the  same  phenomenon  aflrr  excessive 

"1  Ihe  same  species,  the  bloo.I  being  in  pan  hkewise  dis- 

'     '  effect  upon  the  erythn<yie«  is  exerted  also  by  the 

us  sera,  of  salts  of  the  bilian,-  iicids.  of  water,  of  vari- 

1    l'hoGph'<r:c  acid,  and  by  the  administratioo  of  Urge 

vfi/iiu  ui^i  Lthcr.     Further,  infections  of  hemoglobin  m 

'cum  (.r  ini')  the  intestine,  from  which  it  la  aMorbed 

subiect  is  furtJier  considered  on  p.  ^4 1 .) 
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If.  MS  a  result  of  compresiioa  of  the  ptucenta  in  the  uurus.  too  much  'blood 
has  been  carrii^J  to  the  ncw-bom  infant,  a  portion  o(  this  excess  of  blood  in  the 
body  may  be  dissolved  during  the  rirst  days  of  life,  the  hemoglobin  being  trans- 
fonnvd  into  bilirubin,  with  syuiptvius  ul  icterus.  Under  such  circuinslaneea 
iilso  there  is  excessive  destruction  iif  erythrocytes,  as,  indeed,  of  all  of  the  tissues, 
because  in  the  new-bnm  infant,  with  inciithcicnt  noiirishment  the  metabolic 
proces9(?s  must  be  more  active  for  the  maintenance  of  respiration,  he  at- production 
and  digestiv'e  activity. 

The  jaiintlite  that  is  cxeiTiiililicd  liy  the  forcing  symjitoms  is  al*D  il«xignated 
btpatogenic.  or  resorption -icterus,  because  it  IS  duo  to  Che  absorption  of  bile 
already  prepared  in  the  hvtr. 

Cholcmia  is  accomp^meil  iry  a  series  of  characteristic  symptnais: 

1.  Biliary  colonni^-matUr  and  the  bibary  acids  enter  into  the  tisfues  of 
the  body.  k'^^'S  ri$v  lo  the  most  striking  obiectivc  symptom  (and  Chtrnfon 
designated  al^o  )&tindt<.v).  The  externa!  integument,  parliciilarly  the  sclera,  m- 
quires  an  exquisitely  yellow  color.  In  jire;^ani  women  the  fetus  also  is  discolored. 
Homatoidin-cr>');tii]it  nuvc  l;ucn  found  in  the  kidney*.  Iho  lilinid  and  the  fatty  lia- 
SIM  of  icteric  children.  In  exceptionally  rarv  coses,  as  in  the  presence  of  bem^ 
plegia.  only  one-haH  of  the  body  has  beeti  found  jaundiced. 

a.  The  ItiliAry  aridn  and  the  hiliarv  colonn|;-nMlten'  apjwar  in  the  urine, 
though  not  in  the  ^ialiVfi.  the  l«-ars  or  in  mucus.  When  the  cotoring-matter  is 
prGScnt  in  large  amount  the  urine  acquires  a  di.cp  yellowish -brown  color,  while 
its  foam  is  inti^nncly  Icmon-velluw.  Immersed  strips  ol  paper  or  linen  are  olained 
the  some  cwlor.     Oeeasionaily  crystals  of  bilirubin  arc  present. 

3.  The  feces  become  clay-colored.  becaa«  of  the  absence  of  hydrobilirubin 
derived  from  the  bilc-pigmcnt:  extremely  hard,  because  the  diluimg  bile  does 
not  reach  the  intestine:  rich  in  fat,  becauiM;  tlii*  fals,  particularly  the  more 
solid,  arc  not  Kuffictently  di^^Kied  in  the  inlcstinc  in  the  ftuscnee  of  bile  (so  that 
even  as  much  as  78  percent,  of  the  fat  intrested  passes  out  in  the  feces;  principally 
fatty  acids  and  sospf  appear  in  the  feces,  and  Ixit  Htile  neutral  fats);  and  highly 
offensive,  because,  under  norma]  conditions,  the  bile  poured  out  into  the  intcntine 
inhibits  putrid  decomposition  of  the  intestinal  contents.  The  evacuation  of 
the  fcce.i  tastes  place  slunKi.ihly,  p.-irtly  on  account  of  their  hard:ie3S,  partly  because 
of  the  absence  of  bile,  which  excites  peristaltic  movements  in  the  intestines, 

4.  The  heart-beats  are  reduced  to  about  40  in  the  minute.  This  ir  due  to 
lh«  salts  of  the  biliary  acids,  which  at  hrst  nimulatc  the  heart  and  then  enfeeble 
it-  Injection  of  the  salts  of  the  biliary  acids  into  the  heart  causes,  therefore, 
at  first,  transitory  incruasv  in  the  hi-ar't-l>cats.  followed  hy  slowing.  The  same 
result  is  brmighl  about  if  these  substances  are  injected  direct!)^  into  the  blood, 
although  under  such  circumstances  the  brief  stage  of  stimulation  is  much  less 
marked  Divi.-vion  of  the  pneumugaxtric  nerve  h.is  no  influence  on  this  pheaom- 
cnoD.  In  addition  lo  the  action  on  the  heart,  there  is  marked  dilatation  of 
the  smallest  blood-vessels,  slowing  of  the  respiration  and  lowering  of  the  tem- 
perature. 

J.  An  influence  on  the  nervous  system,  either  throuch  the  salts  of  the  bihary 
acids  or  through  the  eholestcrin  accumulated  in  the  blond,  perhaps  also  upon 
the  muscles,  is  shown  by  the  great  general  relaxation,  fatigue,  weakness  and 
somnoleace.  finally  deep  coma;  at  times  by  insomnia,  pruritus,  even  delirium 
and  convulsions.  In  esi)criinent»  on  animals  Lrtwit  observed  symptoms,  after 
injections  of  bile,  indicative  of  stimulation  of  the  respiratory,  cardio-inhilnlory 
and  vasomotor  centers.  Direct  application  of  bile  or  its  salts  to  the  cerebrum 
cauies  convulsions. 

6.  Jaundice  of  marked  degree  is  attended  with  yellow  vision,  in  cooseqiieDce 
:  impregnation  of  the  retina  with  yellow  biliary  cobring-matlcr. 

7.  The  biliary  acids  in  the  blood  dissolve'the  cr)-tnr'>eytea,  and  this  leads 
the  further  formalion  of  bile.     The  dissolved  hemoclobin  is  transformed  into 

_  ev  tnJe-pipnent,  whil<-  the  globulin -body  of  the  disinte^fnited  hcmoj(1abin  may 

■term  casts  in  the  renal  tubules,  which  later  are  washed  mto  the  urine.     Shoultl 

dissolution  not  lake  place,  the  erythrocvtc*  become  swollen  and  exhibit  increased 

^^■^  After  ligation  of  the  bile-duct,  the  protoplasm  of  the  liver-cells  disappears, 
^^kd  according  to  some  observers  partial  necrosis  of  the  hepatic  tissue  occurs,  with 
^^BKondary  reaclive  iiill;immatiim,  connective-tiKSue  liyperjiliutia,  cell-multiplica- 
HHEon  of  the  epithelial  cells  of  the  bihary  passages.  The  stagnating  bile  diminishes 
^ih  amount  and  exhibits  further  an  increase  of  mucus  and  cholesterin,  but  on 
the  other  hand  a  reduction  in  tauroeholic  acid  (in  the  dog). 
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ACTION  OF  THE  BttE. 

The  bile  is  a  melabolic  product  largely  destined  for  excretion,  ant 
participating  in  but  small  measure  in  the  digestive  process. 

Bile  plays  an  important  part  in  the  absorption  of  fat.  It  fonns  * 
fine  emulsion  of  the  neutral  fats,  in  consequence  of  which  the  fatty 
granules,  in  addition  to  chemical  division,  are  especially  rendered  capa- 
ble of  passing  through  the  cylindrical  epithelium  of  the  small  intes- 
tine. It  does  not  effect  ttie  chemical  decomposition  of  the  neutral  fats 
into  glycerin  and  fatty  acids,  as  does  the  pancreatic  juice,  but  it  is  capable 
of  dissolving  the  fatty  acids  through  the  salts  of  the  hiliar>-  acids. 

The  toeps  present  in  the  inte«t;n«  are  soluble  in  the  btle  and  are  capable 

in  turn  of  greatly  increasing  the  emulsifying  power  ef  the  bile.     The  btl«  it«eU, 

hon'ever,  is  capaole  of  converting  tlie  fatty  Actd^  dln-ctly  into  mtt  acid  aolutiOD 
that  cxvrts  an  active  etnultitj-ing  infiurncf. 

As  the  bile,  like  a  soap  solution,  bears  a  certain  relation  to  aqueous 
fluids  as  well  as  to  fats,  it  may  conduce  to  diffusion  between  (he  t^^■o,  as 
the  membrane  can  be  moistened  and  can  imbibe  both  fluids. 

Prom  the  fofcgoing  it  follows  that  the  faile  is  of  gnat  importance  for  the 
prrparalion  and  absorption  of  fatK.  This  can  also  be  demonstratrd  by  rxperi> 
menis  on  animals,  in  which  ihc  bile  is  entirely  conveyed  externally  through 
a  IiHlula.  Do}p«  ihux  treated  absorb,  at  the  most.  40  per  cent,  of  tlic  (ai  in£(r»ted. 
while  normal  dogs  absorb  f)g  per  cent.  The  chyle  of  such  animals  is.  accord- 
ingly, dcticicnt  in  fat,  and  is  not  white,  but  transpareiit.  The  feces,  however, 
coatain  more  fat  and  arc  greasy.  The  animals  eat  greedily;  the  tissues  of  the 
body  show  great  deficiency  of  lal,  even  when  the  nutrition  in  general  has  not 
suflerrd  much.  In  hunvan  bcinn  suffering  from  derengcment  in  the  secretion 
of  tale,  a  diet  rich  in  fat  is.  for  this  reason,  contra  indicated. 

Fresh  bile  contains  some  diastaiic  ferment,  as  starch  and  glycogea 
are  converted  into  sugar. 

This  fcnncnl  is.  however,  absorlwd  from  Che  walls  of  the  alimentary  eanal 
and  u(  then  excreted  as  ptyalin  by  th«  bile,  aa  by  the  urine  also. 

The  bile  acts  as  a  .stimulant  to  the  intestinal  musculature  and 
thus  contributes  to  absorption  in  general. 

Perhaps  through  its  biliary  acids,  acting  as  irriianta,  it  cauaes  the  mtiscles 
of  the  iniestinol  vUli  to  cootract  from  lime  to  time,  in  consequence  of  which 
these  propel  the  contcnia  of  their  lymph-spaces  into  the  larger  ])-mpb- trunks, 
and  llius  arc  capable  of  abeorbins  renewed  amounts. 

AUo  the  muMulalure  of  the  mtcstinal  wait  itself  sprtears  to  underj-o  excita* 
tior,  prob.ablv  through  the  agency  of  the  inyentcnc  plexui.  In  favor  of  this 
view  is  the  fact  that  intestinal  pcristaUia  is  greatly  itnpaireil  in  asimals  with  biliary 
fistula!  and  in  the  preKcrcc  nf  obntruction  of  the  biliar}'  passages,  as  wall  as  tli'e 
fiict  that  the  salts  of  the  biliar>-  acids,  administered  by  the  mouth,  cause  diarrhea 
and  vomiting.  An,  however,  intestinal  contractions  aid  absorptioa.  the  bile  is.  in 
thi»  connection  also,  active  in  takinK  up  the  dissolved  food. 

The  presence  of  bile  is  neccssarj-  for  the  normal  vital  activity  of 
the  intestinal  epithelium  in  the  absorption  of  the  fatty  globules. 

Through  its  excretion  the  bile  supplies  a  sufficient  amount  of  water 
for  the  feces.  Animals  with  biliar>'  fistula  and  human  beings  with 
obstnictetl  biliar>'  passages  are  markedly  constipated.  Besides,  the 
slippery  mucus  of  the  bile  facilitates  the  advance  of  the  ingesta  through 
the  intestinal  canal. 
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The  bile  diminishes  putrefactive  decomposition  of  the  intestinal  con- 
tents, especially  with  a  fatty  diet. 

On  the  entrance  of  the  strongly  acid  gastric  contents  into  the  duo- 
denum, theglycocholic  acid  is  precipitated  by  the  acid  of  the  stomach  and 
carries  the  pepsin  with  it.  Further,  the  zilbumin  and  the  gelatin,  still 
in  solution,  but  not  the  peptones  and  propeptones,  are  precipitated  by 
the  taurocholic  acid,  salts  of  the  biliary  acids  having  already  been  de- 
composed by  the  acid  of  the  stomach.  If,  however,  the  mixture  is 
again  rendered  alkaline  by  the  pancreatic  and  the  intestinal  juice  and 
the  alkali  of  the  bases  derived  from  the  salts  of  the  biliary  acids,  the 
pancreatic  ferments  enter  energetically  into  action. 

If  bile  enters  the  stomach,  as,  for  instance,  in  the  act  of  vomiting,  the  acid  of 
the  gastric  juice  combines  with  the  bases  of  the  salts  of  the  biliary  acids.  There 
thus  results  principally  sodium  chlorid  and  free  biliary  acids.  At  the  same  time 
the  acid  reaction  is  diminished.  The  biliary  acids  are  not  effective  as  acids 
in  gastric  digestion,  in  place  of  the  combined  hydrochloric  acid,  the  neutralization 
causing  also  precipitation  of  the  pepsin  and  the  mucin.  As  soon,  however,  as  the 
wall  of  the  stomach  secretes  additional  acid,  the  pepsin  is  again  dissolved.  The 
bile  entering  the  stomach  has  a  disturbing  effect  on  gastric  digestion  also,  by 
causing  contraction  of  the  albuminates,  as  these  can  be  peptonized  only  when 
swollen. 

FINAL  FATE  OF  THE  BILE  15  THE  DfTESTINAL  CANAL. 

Of  the  constituents  of  bile,  some  are  evacuated  with  the  feces,  while 
others  are  again  absorbed  through  the  intestinal  walls. 

The  mucin  passes  into  the  feces  unchanged. 

The  biliary  coloring-matters  are  mostly  reduced  in  the  large  in- 
testine and  are  partly  evacuated  with  the  feces  as  hydrobilirubin ;  a 
small  portion  of  them  is  absorbed  and  finds  its  way  into  the  urine  as 
urobilin.  The  reduction  may  proceed  beyond  the  formation  of  hydro- 
bilirubin to  that  of  a  colorless  material,  which  may,  however,  upon  ad- 
mission of  oxygen,  be  again  oxidized  to  hydrobilirubin. 

Hydrobilirubin  is  absent  from  meconium,  but  bilirubin  and  biliverdin  are 

? resent  together  with  an  unknown  red  oxidation -product  derived  from  them, 
herefore  the  process  that  takes  place  in  the  fetal  intestine  is  not  a  reducing 
but  an  oxidizing  one. 

Cholesterin  is  in  part  evacuated  with  the  feces;  in  part  it  is  re- 
duced to  the  form  of  hydrocholesterin  (coprosterin),  crj'stallizing  in 
needles. 

The  biliary  acids  are,  for  the  most  part,  again  absorbed  through  the 
walls  of  the  jejunum  and  the  ileum,  and  are  utilized  anew  in  the  pro- 
duction of  bile.  Tappeiner  found  them  in  the  thoracic  duct;  small 
amounts  find  their  way  from  the  blood  into  the  urine.  Only  a  small 
portion  of  glycochoHc  acid  appears  unchanged  in  the  feces.  Taurocholic 
acid,  in  so  far  as  it  is  not  absorbed ,  is  readily  decomposed  in  the  intestine 
by  putrefactive  processes  into  cholic  acid  and  taurin.  The  former  is 
found  in  the  feces,  the  latter  is  not  infrequently  absent.  Cholic  acid 
is,  however,  in  part  resorbed  and  may  again  unite  in  the  liver  with 
glycin  or  taurin. 

As  putrefactive  decomposition  is  absent  from  the  fetal  intestine,  unchanged 
taurocholic  acid  is  accordingly  present  in  the  meconium.  GlycochoHc  acid, 
when  administered,  is  found  agam  in  the  bile  from  animals  (dog)  which  nor- 
mally excrete  but  little  thereof. 

The  feces  certainlv  contain  merelv  traces  of  lecithin. 
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luid.  This  remit  is  Kiplained  in  )>art  by  paralysis  of  llic  vasomotor  nrrvn  of 
iChe  intestinal  tract.  As  the  D«rve-filainents  for  a  limited  ponion  of  intestine, 
_lil!at«<l  in  twn  places,  can  be  coinptetely  separated,  the  watery  intestinal  contents 
will  be  found  only  in  the  corrcsiionclinE  loop  of  intcsiine.  According  to  Hanau, 
the  caddilion  in  this  experiment  of  Morcau  is  one  of  paral>tic  secretion,  nrhidi, 
with  r4;i:ar(l  to  uinc,  pursues  a  typical  course. 

Tbe  fotlowtnK  subataiices  are  after  iiige^licn  excreted  by  the  intestinal  tnocous 
tncmbrane  of  isolated  tistul^e :  iodia,  bromia.  lithium.  nwtalUc  ferrocyanogcn,  salts 
of  iroa  and  others. 

FERMENTATIVE   PROCESSES   IK  THE    INTESTINES   DUE   TO 
MICROBES;    INTESTINAL  GASES. 

Wholly  diflcrcnt  from  the  peculiar  digeslive  processes  just  described, 
which  are  brought  about  hy  definite  unorganized  ferments  or  en- 
zymes, are  those  processes  which  are  to  be  considered  as  fermentative 
or  putrefactive  decomposition.'*.  Tiiese  are  caused  by  microbes,  the  so- 
catled  excitants  of  fermentation  or  putrefaction,  or  organized  ferments; 
and  they  may,  therefore,  take  place  outside  of  the  body,  in  suitable 
media.  Lower  forms  of  or^nisms,  which  maintain  fermentative  pro- 
cesses in  the  intestinal  tract,  are  often  swallowed  with  food  and  drink, 
as  well  as  with  the  buccal  fltiid.  Upon  the  introduction  of  theM  the 
processes  of  decomposition  begin,  with  simullaneons  prodtiction  of  gas. 
On  a  pure  milk-diet  intestinal  putrefaction  is  much  less  marked. 

FennentatioQ,  therefore,  cannot  occur  in  the  intestine  during  fetal 
^lifc.  For  this  reason  gases  arc  always  absent  in  the  intestine  of 
■the  new-bom.  The  first  bubbles  of  air  reach  the  intestine  through 
frothy  saliva  swallowed,  even  before  food  is  taken.  As,  however,  roicro- 
orgamsms  may  enter  the  intestinal  tract  with  the  air  swallowed,  the 
development  of  g-v;  hv  fermentalinn  must  soon  follow.  The  development 
of  the  intestinal  gases  thus  goes  hand  in  hand  with  the  fermentative 
processes.  As,  however,  gases  from  the  air  ."iwallnwed  are  exchanged  in 
the  intestinal  canal,  the  composition  of  the  intestinal  gases  will  be  found 

I  to  be  dependent  upon  various  factors. 
Kolbe  and  Rtiye  collected  intestinal  gases  from  the  human  anus  and 
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Moreover,  it  should  be  noted ;  1 .  That  oxygen  is  rapidly  absorbed  by 
the  Tails  of  the  canal  from  the  air-bubbles  swallowed  with  the  food,  so 
that,  in  the  lower  part  of  the  large  intestine,  even  traces  of  oxygen  are 
absent.  In  exchange  the  blood-vessels  of  the  intestinal  wall  give  up 
into  the  intestine  carbon  dioxid.  so  that,  therefore,  a  portion  of  the  car- 
bon dioxid  in  the  intestines  is  derived  from  the  blood  by  diffusion. 

a.  Hydrogen,  carbon  dioxid  and  ammonia,  as  well  as  marsh-gas.  are 
also  developed  from  the  intestinal  contents  by  fermentation,  which  may 
take  place  even  in  the  small  intestine. 

BiUttria  as  Exeitann  of  ftmie^tiaSion.  The  or];au3ni8  that  especially  cause 
fermentation,  putrefaction  and  other  forms  of  decomposition  arc  bacteria  (achiio- 
mycetej).  namely,  minute,  unicellular  structures,  chiefly  having  the  shape  of  a 
^>here  (micrococcus) ,  or  a  Khort  rod  (bacterium),  or  a  long  rod  (bacillus),  or  a 
spiral  thread  (vibrio,  spirilltim,  spirochieu) .  Their  power  of  reproduction  is 
beyond  all  conception.     Through   their  vital  phenomena   they  catise   profound 
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to  their  development;  and,  finally,  that  sufEcient  material  of  the  most  varied  kind, 
not  entirely  disposed  of  by  the  digestive  processes,  fiimishes  nutrient  matter  for 
the  vegetation  of  the  germs,  it  is  not  surprising  that  a  rich  formation  of  these 
organisms  is  found  in  the  alimentary  canal  and  that  they  cause  numerous  forms 
of  decomposition  in  the  intestinal  contents.  Knowledge  of  these  processes  is, 
at  the  present  time,  still  highly  deficient;  and  the  formulas  proposed  for  the  de- 
compositions can.  therefore,  only  approximately  explain  the  processes.  For  this 
reason,  the  following  statements  can  only  be  considered  provisionally  as  aphorisms 
in  the  study  of  the  mycotic  intestinal  decompositions. 

Fermentation  of  Carbohydrates,  which  takes  place  principally  in  the 
small  intestine,  i.  Bacillus  acidi  lactici  (bacterium  lacticum),  whose 
biscuit-shaped  cells,  from  1.5  to  3  it  in  length,  are  arranged  in  groups 
or  rows  or  are  isolated,  causes  fermentative  decomposition  of  sugar  into 
inactive  lactic  acid : 

C.HuO,  -         a(C.H,0^ 

t  Grape-sugir  —  >  Lactic  aad. 

Milk-sugar  (CiaHj,Oi,)  may  be  decomposed  by  the  same  bacterium,  with 
the  addition  of  water,  first  into  two  molecules  of  grape-sugar,  2(C»H,,0b), 
and  this  in  turn  into  four  molecules  of  lactic  acid,  4(CjHaOs). 

This  micro-organism,  whose  germs  float  in  the  air  everywhere,  causes  the 
spontaneous  souring  and  curdling  of  milk.  It  develops  further  in  sour-crout, 
sour  pickles,  and  the  like.  It  induces  fermentation  of  cane-sugar,  mannite, 
inosite,  and  sorbite,  as  of  the  sugars  mentioned.  In  addition  to  lactic  acid, 
carbon  dioxid  also  results.  There  are,  besides,  other  lactic-acid -producing  bacteria 
that  are  capable  further  of  transforming  starch  into  sugar,  van  de  Velde 
obtained  lactic,  butyric  and  succinic  acids  as  products  of  the  fermentative  activ- 
ity of  the  bacillus  subtilis  (Fig.  123),  and  mannite  as  a  reduction -product. 

2.  Bacillus  butyricus,  which  is  often  stained  blue  by  iodin  in  a 
starch-containing  medium,  transforms  lactic  acid  into  butyric  acid, 
together  with  carbon  dioxid  and  hydrogen. 

3  (CH,0,)        -         C,H  A        +  aCO,  +         4H. 

2  Lactic  Acid         =       i   Buiyric  .Acid        +       a  Carboa  Dioxid   +    4  Hydrogen. 

This  bacterium  (Fig.  laa,  B)  is  a  true  anaerobe,  which  vegetates  only  in  the 
absence  of  oxygen.  The  lactic-acid  bacillus,  which  actively  consumes  oxygen, 
is  therefore  its  natural  predecessor.  Butyric-acid  fermentation  completes  the 
transformation  of  many  carbohydrates,  chiefly  starch,  dextrin  and  tnulin.  It 
takes  place  constantly  m  the  feces.  There  are  a  number  of  other  bacteria  with 
similar  activity.     The  butyric-acid  bacillus  produces  also  dextrin  from  starch. 

3.  Certain  micrococci  are  capable  of  developing  alcohol  as  the  chief 
product  from  sugar. 

In  the  human  small  intestine  there  are  present  besides:  bacterium  Bischleri 
(short  rods),  which  produces  alcohol,  inactive  lactic  acid  and  acetic  acid  from  sugar; 
bacterium  ilei  (short  rods),  which  transforms  sugar  into  alcohol,  succinic  acid 
and  some  active  paralactic  acid,  together  with  carbon  dioxid  and  hydrogen; 
bacterium  ovale  ilei  (almost  spherical),  which  transforms  sugar  into  alcohol, 
paralactic  acid  and  traces  of  the  fatty  acids;  bacillus  gracilis  ilei  (delicate  long 
rods),  which  has  a  similar  action;  bacterium  lactis  aerogenes.  which  transforms 
6Ugar  into  alcohol  and  succinic  acid,  together  with  lactic  acid  and  some  acetic 
acid. 

The  presence  of  yeast  also  may  result  in  the  production  of  alcohol 
in  the  intestine,  in  both  instances  likewise  from  milk-sugar,  which  at 
first  passes  over  into  dextrose.     Only  traces  are  found  in  the  intestine. 

4.  Bacterium  aceti  (Fig.  laa.  A)  is  capable,  outside  of  the  body,  of 
transforming  alcohol  into  acetic  acid. 
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Aldehyd  is  changed  by  oxidation  into  acetic  acid  (CiH,Oi).  Accord- 
ing to  Nftgeli.  the  same  micro-organism  is  capable  of  producing  small 
amounts  of  carbon  dioxid  and  water,  As  acetic  fermentation  ceases  at 
35°  C.>  it  will  not  take  place  in  the  intestine,  so  that  the  acetic  acid  con- 
stantly met  with  in  the  feces  must  rcstUl  from  other  fermentative  pro- 
cesses. Thus,  it  is  produced  in  considerable  amount  in  herbivora  as  a 
product  of  the  fermentation  of  cellulose;  being,  after  absorption,  burned 
up  in  the  fluids  of  the  Ivody.  Acetic  acid  is  formed  also  as  a  result 
of  the  putrefaction  of  albuminates  with  exclusion  of  air. 

5.  Also  partial  solutioo  of  starch  and  of  cellulose  is  caused  by  schlzo- 
myoetes  (bacillus  Luiyricus.  bacterium  tenno.  vibrio  rugula)  in  the 
intestines:  for  cellulose,  mixed  with  cloacal  discbarge  or  the  tntes- 
tinal  contents,  is  transformed  into  a  sugar-like  carbohydrate,  which 
then  breaks  up  into  equal  volumes  of  carbon  dioxid  and  marsh-ga.<;. 
The  neurin  produced  by  the  pancreas  ahso  yields  marsh-ga«  (CH*),  in 
addition  to  carbon  dioxid. 

The  solution  of  the  cellulose  of  the  cell-walls  then  permits  the  action 
of  the  digestive  juices  upon  the  enclosed  digestible  portions  of  the 
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Phi.  iij.— Hax-badUu*  (D*c.illiii  aubiilii):  1.  ttmn:  1.  1.  4.  nnnJDatioD  of  ilw  iFan;  5.  b.  than  badlH:  j. 
lamMd  Uunvat  irlili  cporP-inmMioo  ia  *uii  <Al:  i,  ihart  badOi,  in  [Ml  nlh  «pdn<f«rniMu<i;  0.  tf**  ■■ 
mdlvMuil  than  btiHh;  lo,  tiKlciu  niili  ButU^ 


vegetable  food.     In  human  beings  the  metabolism  of  cellulose  is  always 
slight,  while  in  herbivora  it  is  digested  in  considerable  amounts. 

6.  Bacillus  subtitis,  cheese-spirilli  and  others  are  capable  of  trans- 
fonuiug  stArch  into  sugar. 

7.  Micio-OTganisms  (lactic-acid  bacilli  r)  that  produce  invenin  also 
occur  in  the  intestinal  canal.    This  substance  can  be  obtained  al^o  from 
brewer's  yeast  by  agitation  with  water  and  ether  and  subsequent  ti- 
tration. 

Fcnneniation  of  Fnis.  Putrefaction  is  capable,  with  the  aid  of  as 
yet  imknoTivn  micro-orRanisms.  of  decomposing  neutral  fats  into  glycerin. 
and  f.itty  acids,  after  taking  up  water.  Glycerin  is  susceptible  of  i'srietl 
fermentations  with  different  microbes,  as.  for  example.  ^ 
Pitzianus.  When  the  reaciion  is  neutral,  hydrogen  s"-i  '^•*nT 
are  formed,  together  with  succinic  acid  and  a  mixture  > 

Fits  observed  alcohol,  together  vith  caproic.  buty 
at  a  rvsutt  of  the  action  o(  Ui«  hav-bscilJiis  (baJcUliu 
other  caws  butyl-alcohol  principally  wsiiU'-il.     van 
lactic  acids,  together  with  traces  01  mccnic 
aad  niln>gcn. 
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small  amount  of  indol  is  formed.  If,  on  the  other  hand,  with  a  lesser 
degree  uf  absorptiun,  the  putrefactive  jiroccss  can  exert  a  profound  effect 
chiefly  upon  the  products  of  pancreatic  digestion  still  present  in  large 
amount,  considerable  indol  will  be  formed,  and  much  indican  subse- 
q.uently  appears  in  the  unne. 

Thus  laRC  fonnd  an  abundnnce  of  indicnn  in  the  urine  in  th«  pnsence  of  in- 
carceratpd  hpmia  &nd  obstniction  of  ib«  bowel.  After  iranBfusion  with  betcro- 
9«neous  blond,  in  coniieciion  with  which  the  walls  of  the  intestine  are  often  the  seat 
o(  extravMUitioa  yf  blood  sind  thn'mlMwi*.  and  pjtralylit  coinlithms  of  the  intes- 
tinal ^Tsscls  and  musculature  itself  arc  not  r.-irc1y  cncoiinii-rcd.  the  author  has 
ofbcn  found  the  amount  of  indican  ontaincd  in  the  urine  to  be  large. 

Tr^l  jt'T  itid\/i:  The  fluid  to  be  (estud  is  nciduliitcd  with  cunMik-riihlc  hydrcx:falo- 
ricscid  and  is  well  shaken  after  addition  cf  a.  (ew  drops  of  olcorcsin  of  turpentine. 
If  an  intense  red  cilor  results,  the  pinntnt  is  removed  by  agitation  with  ether 
The  piement  resulting  from  fibrin  in  the  process  of  tr>-piie  digestion,  and  becom- 
ing violet  with  bromin-water,  can  be  isolated  by  agitation  with  chloioform.  In 
addition  to  the  laticr  i)igini>ni,  there  is  still  a  second  pigment  that  passes  over 
in  the  process  of  distillation,  and  can  be  extracted  from  the  distillate  by  ether. 
Both  appear  to  belong  to  tlie  indigo-group. 

A.  V.  Bayer  wa«  iible  to  produce  indizo- blue  artificially  from  orthoniCroptKnot- 
propionic  acid  by  boiling  with  dilute  sodium  hydrate  and  after  addition  of  sonne 
grape-sugar.  From  indigo-bluc  he  obtained  skatol,  in  addition  to  indol.  G. 
Hoppe-Scyler  observed  an  abundance  of  indican  in  the  urine  after  feeding  rabbit* 
upon  sodium  orthonitrophenot- propionate. 

Further,  some  phenol  ^C,li,0)  is  formed  in  the  intestine  by  the  putre- 
factive process.  Baumann  obser\'ed  the  same  sub.stancc  as  a  result  of 
the  putrefaction  of  fibrin  with  pancreas  out-side  of  the  body,  and  Brieger 
found  it  constantly  in  the  feces.  It  appears  to  underyo  an  increase  under 
conditions  analogious  to  those  attending  an  increase  in  the  amotint  of 
indol .  as  an  increa.se  in  the  amount  of  ind  lean  in  the  urine  is  accompanied 
by  an  increase  in  the  amount  of  plienyl-sulphuric  acid. 

Ami dophenvl- propionic  acid  also  can  be  obtained  from  putrefying  meat  and 
fibrin  as  a  prridut-t  ui  the  decomposition  uf  ivroain.  Fart  of  thui  i»  cban^-d  by 
putrefactive:  ferments  into  phcnylpropionic  acid  {hydrocinnamic  acid), which  IS  coni- 

{>Icte1y  axidii[G<l  in  the  organism  lo  benii^ic  acid,  and  appears  in  the  urine  as 
lippuric  acid      In  this  way  Is  explained  the  formation  ol  hippuric  acid  when  a 
pure  proteid  diet  i«  taken. 

Skatol  (C,H»N,  metbylindol),  a  constant  constituent  of  human  feces, 
has  been  prepared  artificially  by  Nencld  and  Secretan  by  protracted 
putrefaction  of  egg-albumin  under  water.  In  this  way  results  skatol- 
carbonic  acid,  which,  when  healed,  readily  decomposes  into  skatol  and 
carbon  dioxid.  Skatol  also  uppearR  in  the  urine  in  combination  with 
sulphuric  acid. 

Milk  inhibits  the  decomposition  of  albumin  and  intestinal  putrefaction  through 
the  pivftence  of  eiuuin  and  thus  also  dinunishcs  the  amount  of  cUiercal  sulph>itc« 
in  the  urine 

Aecordinp  to  the  brothers  SalkowKki.  both  ftlcatol  and  indol  result  from  a 
common  subxtanre  preiormcd  in  albumin,  which,  when  decomposed,  at  one  time 
yietdH  u  larger  amount  of  tndgl.  and  at  another  time  a  larger  amount  of  skaiol. 
accordingly-  as  lo  whether  the  hypoiheiicul  mdoMiacierium  or  the  skatol-bac- 
teriiun  active  under  such  cimditinns  prevails  in  the  develi.>pn>ent. 

It  is  of  grr«t  importance  in  the  process  of  putrefactive  fermentation  whether 
this  takes  place  with  the  cxclu&ii>n  cf  oxyi,'eii  ur  not.     I:  '     :-.ei's"""  — *  — 

tioR    occurs:    oxy-acids   are   reduced   to    fully  wrids,  u  :  a^4 

especially  hydrogen,  but  ai«>  mar»h-gaa  and  hj| 
in  turn,  mav  cause  further  rrduction.     If,  tiM 
nascent  hydrogen  riix-ides  the  nit>ln:iilf  of 
of  active  oxygen:  there  forms,  thus  ■ 
the  second  atom  o(  oxyircii  brings  :■: 
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The  remurkable  fact  should  yet  be  menttoncd  here  ibat  tbe  putiefactiv* 
pffxrcsscs,  after  the  (Jcvcli^pmcnt  o{  phenol,  indol,  and  !ikati>l.  and  also  of  cresol, 
[>hc II yl't'fOfi ionic  iind  phrnvlacrtic  Aridc,  Arc  Again  inhibited,  And  after  a  cvrtAin 
concentration  in  their  production  Cf.-u*c  completely.  ThtiB.  the  pwlrcfnciive  pro- 
ccsii  itself  generates  antiseinic  subst.incps  even  to  the  point  of  causing  tbe  death 
of  tbe  mic  in -org  AH  isms:  tin,  ak  w'ilti  highly  ort[Ani/«<l  lieingit,  Uie  excrenien- 
titious  products  of  the  bacteria  themseivej  are  poisons  fur  Them.  It  i»,  there- 
fore, to  be  mlcrrcd  that,  in  the  ini(.-stinBl  eaiiBl  also,  the  formation  of  the  stib* 
Mancr»  mentioned  in  turn  inhibii:i  the  putrefactive  decompositions  to  some  ex- 
lent.     Ptomains  arc  not  fonned  normally  in  tht  intc.ttines. 

TUe  reaclioti  of  tbe  contents  of  the  small  mtestine  is  alkaline,  due 
ipally  to  carbonates,  and  in  less  degree  to  phosphates.     The  con- 
are,  however,  rich  in  carbon  dioxid,  the  presence  nf  which  causes, 
on  one  hand,  the  acid  reaction  of  the  indicators  reacting  to  carbon 

kdiuxid.  wliile,  on  the  other  hand,  it  ensures  the  maximum  eflicieocyon 
e  part  of  the  ferments  in  the  intestine.     In  the  large  intestine  the 
action  is  generally  acid,  in  consequence  of  the  acid  fermentation  and 
decomposition  of  the  ingesta  and  the  feces. 
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Within  the  large  intestine  the  putrefactive  and  fermentative  decom- 
positions of  the  ingesta  greatly  exceed  the  femieniative  or  true  digestive 
Iransfonnations,  as  only  small  amounts  of  the  (ennents  of  the  intestinal 
juice  arc  found  in  it.  In  addition,  the  absorptive  activity  of  the  walls 
oi  the  large  intestine  is  greater  than  the  secretory  activity,  whence  the 
consistency  of  the  contents,  which  at  the  commencement  of  the  large 
intestine  are  still  semi-liquid,  but  become  more  consistent  in  the  further 
course  of  the  intestine.  The  absorption  includes  not  only  the  water  and 
the  products  of  digestion  in  solution,  hut  also,  under  certain  circum- 
stances, even  unchanged  fluid  proteids.  Also  toxic  substances  are  de- 
cidedly more  readily  absorbed  here  than  from  the  stomach.  The  feces 
begin  to  be  formed  only  in  the  lower  portion  of  the  large  intestine.  The 
cecum  in  some  animals,  as,  for  example,  the  rabbit,  is  of  cnnsiderabte 
size;  fermentative  decompositions  appear  to  take  place  in  it  with  great 

I  Activity,  with  the  development  of  an  acid  reaction.  In  human  beings 
the  cecimi  is  principally  an  organ  of  absoqrtion,  as  the  abundance  of 
lymphatic  follicles  indicates.  From  the  lower  portion  of  the  small  in- 
testine and  from  the  cecum  onward,  the  ingesta  acriuire  the  fecal  odor. 
I  Observations  on  Thir>*'s  intestinal  fistula?  pennit  the  conclusion  that 
|ft  considerable  portion  of  the  feces  is  derived  from  the  secretion  of  the 
jnuc«ius  membrane  and  from  epithelial  desquamaticm. 
The  amount  of  feces  evacuated  equals,  on  an  average,  170  grams  in 
'  twenty-four  hours  (from  60  to  250  grams),  although,  when  large  amounts 
of  food,  especially  if  dirticult  of  digestion,  are  taken,  even  more  than  500 
grams  may  be  di.scharged.  After  a  diet  of  animal  food  the  amounts  of 
feces  and  of  solid  residue  therein  arc  less  than  after  a  vegetable  diet.  Tlte 
consistent  feces  are  broken  up  by  the  development  of  gas.  and  there- 
^^ore  float  on  water. 

^P      Tin  consistency  of  the  feces  depends  on  the  amount  of  water  con- 
I      tained   in  them,  which  usually  reaches  75  per  cent.    A  pure  meat- 
diet  causes  rather  dry  feces;  food  rich  in  sugar,  rather  watery  feces; 
whila  the  amount  of  fluid  ingested  is  without  influence.    The  more 
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rapidly  peristalsis  takes  place,  however,  the  more  waterv  are  tlie  feces, 
because  there  is  not  sufticient  time  for  tlie  3bsoq>t!nn  of  fluid  from  the 
rapidly  advancing  ingcsta.  Paralysis  of  the  intestinal  blood-vessels  and 
lymph- vessels,  after  transection  of  the  nerves,  is  likewise  accompanied 
by  liauefaotion  of  the  feces. 

The  naction  of  the  feces  is  often  acid .  particularly  in  consequence  of 
lactic-acid  fermentation  of  large  amounts  of  carbohydrates  ingested. 
Numerous  other  acids  generated  by  fermentation  are  also  present. 
If,  however,  considerable  amounts  of  ammonia  are  produced  in  the  lower 
portion  of  the  intestine,  a  neutral  and  even  an  alkaline  reaction  may 
preponderate.  The  secretion  of  large  amounts  of  mucus  in  the  intestine 
favors  a  neutral  reaction. 
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maucUt  l*y«t'-    1-4.  LietiBkulin'i  dandr,   Un.  nuKiUuM  auKci*:    B.  OMUWOlve  tlituc. 


The  odoT  of  the  feces,  which  is  more  pronounced  with  a  meat-diet 
than  with  a  vegetable  diet,  is  dependent  upon  the  fecal -smelling  products 
of  putrefaction  nat  yet  prepared  in  an  isolated  state;  further  upon  the 
volatile  fatty  acids,  as  well  as  upon  traces  of  mettiylmercaptan.  The 
last-named  sut»tance  can  be  prepared  from  proteid  by  means  of  fused 
potassium  hydruxid,  and  it  develops  in  traces  on  boiling  varieties  of 
cabbage,  and  it  is  also  formed  from  hydrogen  sulphid  (as  from  eggs). 

The  color  of  the  feces  varies  in  ac<^rdance  with  the  amount  of  altered 
biliar>'  pigment  present,  hence  shades  vary  from  light  yellow  to  dark 
brown. 
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In  addition,  the  color  of  the  food  hfts  consid*r*W«  effect.  Thus  th«  prvwrrce 
of  much  blood  in  the  food  renders  the  feces  almost  browniih  hlack,  from  hcmat  in ; 
jpreen  vesetables  render  tlieoi  tTO\\-rii«h  gTc«n.  from  chlurTTihyll;  bones,  in  dogs, 
render  the  fccc*  while,  fr-ini  the  calcium  contained:  bluisn-red  vegetable  juices 
render  tbem  bluish  black;  iron-preparatioiu  stain  tlieni  black  in  part,  from  the 
production  of  iron  sulphid. 

TUe  feces  conlam  (Fig.  125); 

I.  The  secreted  juice  of  the  intestinal  mucous  membrane,  together 
with  dc8<iiiaTnatcd  and  digested  epithelial  cells.  After  almost  complete 
absorption  of  the  digested  food,  the  feces  still  contain  from  8  to  9  per 
cent.  01  nitrogen,  fmm  12  to  18  per  cent,  of  ethereal  extract  and  from 
1 1  to  15  per  cent,  of  aslt.  Certain  articles  of  food  stimulate  the-^e  excre- 
tions more  vigorously  than  others. 

If  a  loop  of  the  lower  portion  of  the  small  intesiinc  and  tl»e  i:pper  portion  of 
llie  large  intestine  be  excluded,  as  in  a  Thiry's  fistula,  and  it  be  icplaccd  in  Che 


*_"■-■.-•■; 


■.."'.■Y.>. 


.  lit.— t'nn.  a.  miivtr  UUtt;  h,  ii-nJuD;  <, c|illhilikl (clb.  if. kiAotjno:  ri, laiitnu lonnt  ol  piint-trlli, 
uiio«<  nbith  twrjr-hcr>-  Ixtfe  amnlKU  ol  baiura  (i)  ait  taHnti;   bdwMB  k  nnd  t  Ur  jKiM-vrlli;   k. 


abdominal  cavity  after  bciuK  closed  by  a  circular  suture,  &  mass  of  fecal  char- 
acter will  bi;  found  in  it.  A  loop  of  colon,  thus  excluded,  will  contain  only  a 
watery  transudate,  ricli  in  salts. 

3.  The  indigestible  residue  of  the  ti»sue5  of  animal  or  vegetable  food: 
hairs,  homy  tissue,  elastic  tissue;  most  farms  of  cellulose,  wood-fibers, 
fruit-stones,  spiral  vessels  from  plant-cells,  gum. 

3.  Fragments  of  otherwise  readily  digestible  sulwtanccs.  particularly 
when  they  were  ingested  in  excessive  amount,  or  when  not  sufficiently 
comminuted  by  mastication;  thus,  the  remains  of  meat  (up  to  i  per 
cent.),  pieces  of  ham,  shreds  of  tendon,  bits  of  cartilage,  flakes  of  fatty 
tissue,  small  pieces  of  hard  albumin;  further,  plant-cells,  starch  in 
vegetable  cells,  firm-walled  cells  of  ripe  pulses,  unground  adhesive  cells 
of  grain,  and  the  like.  The  presence  of  meat  and  starch  is  suggestive 
of  an  existing  intestinal  catarrh. 

Of  all  articl«<i  of  food  certain  remnants  p*s«  over  into  the  faces:   of  whent> 
bnad,  3.7  per  cent.;   of  rice,  4.1  per  cent.;   of  meat.  4.7  per  cwit  :   of  potatoes, 
9.4  per  cent. ;   of  cabbage.  14-9  per  cent. ;  of  rye  bread,  1 5  per  cent.;   of  carrots, 
JO. 7  per  cent. 
aa 
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fec«f  is  the  Klender  bacterium  coli  commune  (Pig.  iiO.  i).  provided  witli  from 
one  to  thrn;  tT;ig(-tla.  which  furnis  liictic  Mitl  formic  acids,  tos*^'"'  witt>  zcetic 
acid,  and  at  times  exerts  a  pathogenic  action. 

In  the  feces  of  adults  Bieoscoclc  found  first  of  all  two  varieiies  of  large  bacilH 
(Pif;-  136,  3,  4)  resembiiiiK  the  bacillus  Hubtilis  in  tize  and  appearance.  dilTcring 
trom  the  latter  oiiLy  in  the  tvrm  of  its  pure  culture,  by  its  manner  oi  sporulation 
and  by  an  alt^ncv  oi  iuilopfniJ'-iit  movftiiMit .  These  two  bacilli  arc  dtstinguisb- 
able  macroacopicaily  only  by  the  form  oi  this  culture,  which  takes  the  shape 
either  of  a  }^pe,  or  of  a  mesentery.  Neither  p(»KCK«;«  any  (errnenialtve  activity. 
A  third,  micrococcus -like.  «mall,  slowly  muhiplying  bacilluE  tbanllus  coprugenus 
parvus)  was  present  in  three-quarters  of  all  of  the  stools.  The  fourtli  varieijr  is 
the  specific  Uicterium  ot  proteid  dccompoiution  (bacillux  putnlicuK  coli*.  which 
is  wanttnK  in  the  feces  of  infants,  and  which  with  the  production  a  fecid  odor 
gives  rise  to  the  putrefactive  products  of  proti-ids.  Only  this  and  no  other  causes 
those  processes  m  the  iatcsttne;   yet  it  does  not  decompose  casein  and  alkali- 
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erusl  ra4i«eiiiiufc  ipun-lnniuuian;  5.  tbc  luiuui  iiiiite>«  dcinlupmiiii  u(  iht  baiflliu  uf  prulclil  pam- 
aiurt. 

albuminate.  The  evolution  of  this  bacterium  is  represented  in  Fig.  tafi,  5.  n-g: 
of  which  the  stages  c  and  g  arc,  however,  wanting  in  the  feces  and  are  encoun- 
tered only  in  artibcial  culturcR. 

ff  the  feces  am  simply  examined  microscopically,  withmit  cptrcial  preeautions, 
the  followinR  are  found  as  norm&I  saprophytes  thp  bsclerium  cnli  commime. 
the  staphylococcus  aureus:  frequently,  also.  xTirietiea  of  proteus.  at  times  with 
infective  properties:  in  addition,  other  Iiacteria.  whose  entrance  in  part  throuch 
the  anus  ia  possible:  the  bacillus  butyricus.  often  .ftainin^  blue  wiih  iodin.  m 
feces  rich  in  starch,  and  other  small,  spherical  and  rod-shaped  schizoinycutus, 
Staixiine  similarly,  After  the  ingestion  of  uncuokcd  food  ol  vuriou:*  kiml.s,  Li^mbke 
was  able  to  verify  the  pretence  -jf  ai  many  as  73  diilcreiit  buctcria  m  the  intestine. 

In  hujuan  lioings.  with  ncriilcn tolly  n<;qiiired  intolinjtl  liEiulft  or  an  artiticial 
anus  (intestinal  fistula  invnlvinR  the  crtlon).  opportunity  ts  afforded  to  study 
the  changes  in  the  intertina!  content*  with  preaier  precision 

MORBID  ALTERATIONS  IN   DIGESTIVE  ACTIVITY. 

Tk4  ingation  of  food  may  be  pn-vented  by  spasm  of  the  mu-iicli^  I'f  ma»- 
ttcaiioa  (usually  as  a  symptom  of  gpncnil  ci»nv\ilsion.<) .  by  stricturis  <•(  tbc 
esophagus,  either  from  corrosive  cicatrices  {after  the  swallowing  oi  i:austic  tluids) 
or  mm  neoplasms,  cnpecially  curcinuma.  Infljtinmaturv  alTccli<.>ii3  ut  ;itiv  kind  in 
the  mouth  and  pharynx  may  also  seriously  interfere  ■with  the  ingestion' of  food. 
Inability  to  8wall*^w  occurs  ns  a  sj-mptom  of  disease  of  the  medulla  oblonfata, 
tnooncequeneeof  paralysis  of  the  center  for  the  mntor  ner\'i'K  ifiiciat,  pneumogaBtric 
and  hyi)0glo«*iil)  ami  of  that  (or  the  sensory  nerve,';  through  which  [>aM  rellex 
impulses  (closKophur^iiKe;!].  gincumoifsi.ttric  and  triiceniinal).  Imtalion  nr  ab- 
Bormsttv  heighienf-rt  stimuKilion  of  this  area  may  cause  spasmodic  swallowing 
and  a  feehng  of  onsiriction  in  the  throat   (globus  hystericus). 

Th<  inTttion  oj  Miii-.in  is  dimini.ihi-d  m  conjunclitm  with  inflammation 
of  the  salivary  clantU,  ot:ctu.tLon  of  thiir  duct»  by  coucrctions  (suli%-ary  cakuU) , 
etc.;  further,  under  ibc  inilucncc  o(  alropin  and  daturin,  in  consequence  of  which 
the  secretory  (nut  Ibv  vjisomotor)  fibers  of  the  chorda  tympani  appear  to  become 
paralyzed,  ^ght  fever  may  increase  the  amount  of  saliva,  though  the  amount 
of  ferment  may  l>o  lessened ;  fever  of  more  marked  degree  dimini«lii-i  both,  wliile 
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snd  motor  Jnsufiicivnry  dccompositioD  of  the  contents  of  the  GtontA^h  into  lactic, 
butyric  and  acetic  acios  often  takes  place  as  a  result  of  the  action  of  lower  orgran- 
ismx.  Siiijill  doses  of  salicvlic  acid  an:  adviiiUile  under  such  circu instances, 
toother  with  some  hydroctiloric  acid  (notwithstnntlin]^  iicwsible  hfnrt-bum  or 
actd  eructation).  The  adtninistration  of  pepsin  probably  is  b*jt  rarely  imperative, 
as  this  femicnt  ia  only  icldoiQ  absent  eveii  fiom  tlie  diMaj>ed  Ki^strie  muircua 
membraoe.     In  the  preeeoce  of  marked  dilatation  and  a  protracted  sojourn,  tb« 

Jtroteids  in  tlte  stomach,  notwithstanding  the  hydroelilonc  acid,  undergo  putre- 
action,  which,  hoK-ever.  docs  not  as  a  rule  have  an  injurious  cReet.  In  cases  of 
gastric  catarrh  and  cholera,  albumin  has  been  observed  to  appear  in  the  pastric 
juice. 

Gaitric  Digestii^n  in  Patients  wish  /■Vtier  and  .-iHcMi'a.— Beaumont,  from  obser- 
vations made  upon  the  man  with  the  gastric  futula  examined  by  him.  found 
that  only  scanty  secretion  of  gastric  juice  takm  place  in  the  presence  of  fever. 
The  mucous  membmne  was  Uefknent  in  secretion,  red  and  irritable,  Does, 
which  Manasscin  bad  mode  fcbnJc  from  septicemia  or  profoundly  anemic  oy 
vessMctioQ,  elaborated  a  fairly  active  gastric  juice,  characterized  especially 
by  a  deficiency  ot  hydrochloric  acid.  Hopne-Seyler  examined  the  gastnc  juica 
from  a  patient  with  typhoid  (ever-in  which  dineavr  van  de  V'eldc  found  no  free 
hydraehloric  acid  (fr>f  the  |inrielal  cells  are  dpstrojrd  under  such  conditions): 
AS  well  as  in  cases  of  gastnc  carcinoma  also,  in  which  diseaiie  there  is.  as  a  rule. 
noex<-es8  of  free  hydrochloric  acid — and  found  it  absolutely  inactive  for  artilicial 
digestion,  even  after  hydrochloric  ncid  had  hern  added .  This  investigator  prrr|irriy 
cmfdiasizes  the  fact  that  the  diminution  in  hydrochloric  acid  afur  such  conditions 
favors  tbe  development  of  a  neutral  rciictioii  of  the  ti:a.stric  contents,  by  reason 
of  which,  on  the  one  hand,  diKcstion  in  the  stomach  can  no  longer  take  place; 
while,  on  the  other  band,  abnormal  fermentative  processes  must  tJikc  jilace, 
with  the  aid  of  dcvclopinf'  micro-organisms  and  sarcinn  ventrieuh  {*). 
Uflelmann  found  that,  in  patients  with  fever,  the  ftecretion  of  a  jteptone- 
formifig  sastric  juice  ceases  if  the  fever  leu  in  violently,  if  a  conaition  of 
great  wauoiess  develops,  or  if  a  high  temperature  persists  for  a  long  time.  In 
any  event,  also  theamouniofgasiric  juice  secreted  is  diminished.  In  the  presence 
of  fever  the  irritiibthiv  of  tlie  mucous  membrane  iti  increaSMl,  so  that  vdinilinjr 
is  readily  induced.  Mso  the  increased  excitability  of  the  vasomotor  nerves  oT 
patients  with  fever  is  evidently  dcirimei^tnl  to  the  wcretion  of  active  digestive 
juices.  Glutinski  found  an  absence  of  hvdtochlunc  acid  in  tbe  acute  febrile 
infectious  diseases.  Beaumont  observed  toat  fluids  were  rapidly  absorbed  from 
the  stomach  of  a  febrile  pittient,  while,  on  thu  other  hfiud,  the  absorption  of  pep- 
tones wa*  diminished,  on  account  of  the  fre<jiiently  accompanying  gastric  catarrh 
and  the  disturbed  activity  of  thv  musculnriK  mucoce. 

Many  salts  disturb  gastric  dJKestinn.  if  added  in  conKi^lcrRblc  amount,  par- 
ticularly the  sulphates.  Of  the  alk:tloids,  morphin,  strychnin,  digitalin.  nareotio 
and  veratrin  likewise  have  adihtuibuiic  influence.  A  miiuII  amount  of  quinin  ac- 
celerates castric  digestion. 

As  tlie  digestive  activity  of  the  stomach  can  be  replaced  by  tbe  pancreas, 
it  is  evident  that  do£S  may  continue  to  live  n^lhout  profound  disturbuncc  of 
nutrition  after  extirpation  of  the  stomach.  Langenbach  observed  a  similar 
result  in  human  bein^  after  operation. 

Th#  sfcr^ion  c/  fcife  tmdcrgoes  a  change  in  the  presence  of  3cul«  disease, 
ss.  for  example,  fever,  in  that  it  becomes  scanty  and  at  tne  sanie  time  more  watery, 
and  that  it  is  poorer  in  its  specific  cnnKtttuents.  Should  the  liver  undergo 
profound  siructural  changes  as  a  result  of  the  mort^d  process,  the  secretion  of 
bile  may  cease  completely. 

.\s  a  rtsult  of  the  decomposition  of  bile  (ncid  fcrmrntaiton?)  j^all-ittones 
form  within  the  gall-lilnddcr  or  biliary  passages.  These  calculi  may  be  white  or 
bmwn.  The  former  com^ist  almost  cntirclv  of  laminated  clioKsterin -crystals. 
They  are  generallv  about  i  cm.  in  diameter,  but  theii*  may  be  the  siw  of  a  walnut 
^  •''en  lar^r.  The  brown  gall-stones  consist  of  bilirubin-lime,  together  with 
bilivcrdir.  irilicyaiiin  and  chok-telin.  and  also  calcium  rarbonate  nnd  pliosphato. 
l™^"  "'i>^'d  with  iron,  m.-ingancse,  copper  and  other  prt-eipitated  hea\i'  metals, 
lAll  Kuil-Mrrncs.  like  urinarv  calculi,  possess  an  organic  supporting  structure, 
t',?'^''  ^*^^"  spherical,  often  ntudded  with  mulliern'-shaficd  nodiili-s.  Thost 
pKkrd  together  in  the  gall-bladder  become  polished,  from  mutual  attritimi  in 
"wjuence  of  thv  contraction  of  the  walls  of  the  gall-bladder.  The  while  gall- 
~"^  odlen  contain  lime  and  biliary  colurin);- matter  as  a  nucleus,  together  "-ilh 
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■  sltroacnoos  rwidtn .  probalily  dniwd  buB  dGS(|ttaimled  cpttbelmin.  lUimM. 
nlu  of  MtiuT  acidx  mad  some  (at.  GftQ-Mooca  toaj  cwisr  ofasUiKtaon  o<  tbe 
btle-dDctB  and  then  give  rae  lo  syinptoau  of  dioleiBtt.  Smalkr  Moowl  impKnot 
in  ifae  ducu.  mky  cstoe  mtmae  pwn  (btUanr  cslic}  and.  by  hkmbi  of  tbdr  almp 
cdfra.  they  nuy  c%-ni  brine  aboot  (aUd  mptvre  o<  the  ducts.  The  fannatioa  of 
l«Iwy  nUbub  is  pnbMy  doe  nhinutdy  to  local  tXtfOMxaa  and  dcwmpositioo 
ct  bile  in  tlw  giQ-blMlder,  caoaed.  fev  exampk'.  by  tttat  lacinc  m  cwMw^ncac*  «< 
which  kiiildns  of  tlM  gall-bladder  IaIms  pl*c«.  Clbaksua  and  iaandica  havt 
alr««d%-  been  cliirmiwri. 

In  Uw  fnmtUM  at  hifch  lever  tbe  pmrramc  McntiM  app«an  to  ba  dinta- 
tihed  and  lu  activity  enfeeblrd.  Cenatioo  til  fravtion  a  iitMMltd  vith  the 
rapearun  o4  fat  m  ibt  funn  of  ginbute*  and  cryvtalline  Uity  afids  m  the  iecca. 
Dt^tcncratkio  of  the  pancreas  may  cmne  diabctm 

Amoag  the  diOufbamca  im  mt  •ctmiy  v/  tfcr  wirahaat  tract.  oooKipatMk 
<ofcatmatkp)  b  6nt  to  be  comadrml.    The  caoacs  cl  Uiis  ooodhian  nay  rcsids  in: 
W  OMcvctioas  that  ixeixtit  the  nociaal  pawajge.     In  this  catecgry  bdeoc : 
oanMfktieas  of  the  inlestinal  caoal,  doe  to  cicairicud  stnrtma,  as.  tor  tataaofta,  > 
in  tba  colon  often  atur  dymilMT:  ncoplasBu;  fwtber,  axial  toni«a  «f  a  loop  or  | 
tBte«tiae   (velvuhisi ,  or  urvaftnatkB  of  oaa  i>ertioa  into  another  ^nSnonaccp- 
ifcKO,  oc  mio  a  hrttnal  tac  (bnnial;  alBo  th«  prrwure  of  Imoces  cr  eaciidaies  from 
vitboat.     Fmall>'.  coocmital  absence  ctf  the  anus  may  constituw  the  cattw. 
<s>  Excc«aTc  dryness  of  the  tnustinat  ccoirau  may  canfe  ohsiipation.     Under  ■ 
anch  dmanstaneea  the  fnOovinc  factors  may  tir  o^«Tati>-r     Excemw  dryneaa 
ot  the  food;   farther,  dianautioa  ol  tbe  digertivg  juccs.  as.  far  cxaamle.  (■  tba  j 
bde  in  ca«s  of  icterus;  or  ia  eooaectacnce  cd  emat  bas  of  ftnid  throagh  ou>cr  ofSMS  i 
cf  tbe  body,  as  after  prafnae  |ieif»(nratiou  or  SMJetion  «f  aullc.  or.  6nallv.  during  | 
fivar.     (3}  Deraa^Rocnt  o(  the  activitv  of  the  mosclct  and  of  the  twn^  oerre- 
^pantns  ol  tbe  aitwtine  may  tndncr  MicicttpatKn  tbroii^  iasuSicient  periAal- 
a*.     Tins  is  caaaad  atpadslly  liy  paralytic  twiditJcma.  as  ia  the  presence  of  i»> 
ftaamatkn.  degeawatio*.  chnoic  catanli  and  petttaahiL     SfKMl  paralysac  b 
generafly    attended    aiitb    shiggitb    deftcatkn:    central    aflectioas    often    alKk. 
wbetber  the  pbraoaieiia  of  mental  im^tairmcnt  sad  bypocboodriasis  aiv  the  a^ 
""T^^Miiam  or   tbe  aetjoel  df  foftttipatifn  kas  noc  vet  been  denwnsualedk . 
Tipaiiwuiif  contract^oa  of  certain  purtacau  ot  tbe  tatcstine  may  pre  rar  to  T»nri  \ 
tory  ictentioB  of  the  iatcsUaalcoaimts,  with  srcat  pain  (colie):  as  nay  also  1 

id  Ibc  anal  ^ibuDctcr,  which  msv  also  take  place  reflcalv.  btxn  trritation  i 

Iflwvr  portion  of  the  intcsttne-     tltc  feces  are  almost  ahrays  baid  and  defciSBt  itt  1 
vmser.  when  conotpalioo  existi,  because  dnnng  thetr  kmig  sojettm  in  ibe  to-' 
wate>«a  fhnd  isabaoctwd  fmnibem      In  cooaeqaracr.  the  fecal  masats  form  iac|>' 
piaeca  twybala)  wiihm  the  huge  latesitDe  and  tbcat  nmr.  in  tvnt.  coastitMa  a 
aav  ">^t^  to  the  ooaaid  awTcmeni  (eoproataas)      Pinunuticn  is  the  iafca- 
tiaalaad  gastric  aicwtiun  occnra  abo  as  a  Bin  of  xcnrral  nrrroua  aCtcttoaa  l_ 
tcsia.  bypodwndiia.  taental  disorders},  ahbniffa  tncrvaacd  ■icwticn  Gsar 
(aba  ptaca  — *^^^  — — *»  j-Tt^-w«i»«jM»M  ■■ 

Tae  agents  that  cauac  Qwntifatwai  asv.  bi  part,  tlraae  that  pamlyie  tbe  autac j 
apparatas  tanqxaanty,  tach  as  opran  or  morpnini  and.  in  part,  tbove  that  diaia-i 
A  the  sacrrtMU  ot  tbe  ini««tieaj  oiacous  OMSibrasa.  «M  net  a  cmiUJaiiatj 
atfcet  ntMxt  tbe  blDMl-ve«aeti  and  the  ntucom  mcmbcaae.  tneb  as  ta  ~ 
■1m— ^  Ww**_  lead  *^**— *f  *nif  iifTi*  and  ^^^wntK  nitzaces. 

facsasr  ta  ibr  ■■snrtaaf  duckargn  ia  aiuaBy  aocompaaaad  by  a  greater] 
degree  of  flaidtty  of  Ae  fccca  (dianbea).    Tbe  rauaw  am  as  falhws: 

I.  tTaduly  i^pid   n*n|» !!■■«■■  at  the  ciaiteats  tbtoagb  tbe  ■■■'■!■*■■■»< 
parbcnlaTly  lbmi(h  tac  large  msestne,  so  that  afasorptma  faoas  taia  part  ■ 
take  placr  in  a  nnnail  manacr.    Hk  imreaaid  prrirtiirii  ia  dne  to  tnitatiSD  oVl 
the  aotor-ncm  anantas  oC  tba  Milartiae.  and  ta  urtnrtpdly  redEs  en  daractHwr 
Rapid  paraaga  of  tic  ingatta  thmt^b  tbe  iatMttnal  canal  results  in  the 
ia  the  Jiicharitea  of  tbatsiW*  thai  conid  ant  be  eaatptotcH-  or  aS  afl 

1^  (J.     .. .,_.-.  ...Qt^.^j      This  aiH  also  ocear  if  portioaa  <rf 

'ranuaicaia  <eitb  loaar  purttoaa  al  tba 
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y  Dijurhc*  nay  d*v«lop  in  cooMqueflce  of  disturhancce  of  the  proc««sci 
<rf  difhisiofl  ihfough  th«  intewinal  waU«.  Affections  of  the  F{iit!icluU  oelw  should 
be  inecCioncd  in  thin  conmxrtion:  xwt>Utng  in  muocintiun  with  cfltarrbal  or  in- 
fliunniatory-  conditions  of  ihf  raucous  itipmbranp  As.  furihrr.  in  the  proccM 
of  absorption  independent  activity  on  the  part  of  the  cylindrical  cells  is  to  be  lakcn 
into  consideration,  controlled,  pcrhiips.  by  thp  nervous  syalcm.  it  b  plain  how 
suddc-n  iiKiliiUiiti .  from  friRhl,  iinxicly,  etc..  maycautc  diiirrh*-n 

4.  DtJurhcA  may  be  the  result  of  incrcaaca  secretion.  In  its  simplest  form 
this  occurs  through  ca;iiliar^'  Iraniudalic^n.  when  salts,  as.  for  cxarapfc,  tn^n^ 
•ium  sulphate,  intrtjJuctd  int'j  the  intestine,  remove  water  ffJin  the  blood  by 
eodosmosis.  In  this  cAl^-grirj'  hclong  the  copious  watcrv  riifiehargi^K  that  take 
place  in  conscnience  r,f  alteration  of  the  ititcstinnl  (■pithfliura,  as  in  rases  of 
cholera,  in  which  such  exeeasive  transudation  lalies  place  into  the  intestine  that 
the  btood  livcouH-s  iiiitptsK.-ited  and  may  evi-n  magnate  in  the  vem*.  la 
attditiun.  transudation  into  the  bovrcl  tnay  take  place  in  con«'f|iM:nc«;  of  pamlyiii 
of  the  rniiomolor  nerves  of  the  intestine.  The  diarrhea  due  to  eold  appears  to 
belong  in  this  ptMjp  Certain  t>uhstiini.-e.t  appear  <lircf  tly  to  irritaiL-  the  secretory 
orcans  oi  the  mtcninu  or  their  nerves;  nmunK  thcnc  arc  the  drastic  purKativcs. 
Ptl<Karpin  injected  into  the  blood  also  induces  marked  secretion. 

In  the  presence  of  foLirile  disorders,  the  secretion  of  the  inlesliiial  glands 
appears  to  undef;fio  tjuantitative  and  <iiinhtative  changes,  with  simiiltaneou* 
derangement  in  the  activity  of  the  intestinal  musculature  and  the  of-)(-uu  of 
Dt>80<ption  and  increased  im'lability  of  the  mricous  mvnibrane 

With  respect  to  ferment  at  icins  "m  the  iniesiiiie.  the  fact  should  be  empbasixed 
that  all.  in  excess,  as.  for  L-xampIc,  the  butyric  or  the  acetic.  ^v«  ri)ic  to  patJio- 
loEica)  manifestation.  With  reKiird  to  the  pBtbo){^nic  schixomyretes  aciinj; 
from  the  intestinal  canal  (cholera,  typlioid.  dystnter>'.  and  others)  reference  may 
be  made  to  p.  24A      PlaKellatcd  triclionioniulei  ore  cxeecdiiigly  rare. 

Finally,  attention  should  lie  directed  to  the  fact  that,  in  conscmiience  of 
abn<^rmol  decompositions  in  the  intoolmal  cunHl.  iitJ>st(uices  mav  he  formrd  tliat 
exert  a  toxic  effect  upon  the  orgamsm  and  thus  give  rise  to  ail  to- intoxications. 


COMPARATIVE  PHYSIOLOGY  OF  DIGESTION. 

Among  mammals,  herbivora  posicss  larger  s.;iliv,trv  t;l;iiuiB  than  carni%'ora, 
while  omnivora  occupy   an   iniciiiieih;itc-  poiition,      Wlialts  h.ive  no    !ulivar>' 

Sland-i  at  all:  the  pinmpcrds  have  a  small  {utriitid,  ttiir  (thidiia  luitii:  at  all.  The 
Of;,  like  some  camivora.  has  an  additional  zyg'.inalic  eland  situated  in  the  orbit. 
In  birds  the  saliv.irv  glands  empty  at  the  ancle  of  the  mouth:  the  parotid 
gland  is  wantuii;.  Amoii):  snakes  the  parvtiu  fjlands  are  in  lome  »uedes 
transformed  into  poison- elands:  tortoises  ha^'e  sublin^al  dands;  m  addition, 
reptilcfl  have  Uhi.il  glands  at  the  margin  of  the  lipR  Amphibia  and  iish  have 
only  small,  disscmin^ited  buccal  glands  In  insects  the  saliv.iry  glands  are  n-idely 
distributed.  i>arily  unicellular  (a*,  for  example,  two  pairs  in  licel,  [lartly  com- 
pound; several  pairs  of  them  art'  usually  prem-tit  In  some  the  secretion  contains 
lormic  acid,  for  which  Teas-nn  the  stin^  of  these  animals  cause  burning  and  in- 
flammation in  others  the  secretion  is  strongly  nIValinc.  as  that  fnrjin  the  large 
aalivnr>-7landsof  the  licd-lius  In  bi-esand  anta  the  lower  oali  vary  ({lands  secrete 
a  aort  of  cement -substance  I'he  wcb-glands  on  the  luwcr  lip  of  caterpillars 
secreting  the  silky  material,  principally  those  of  the  silk-worm,  should  not  be 
confounded  with  llie  wilivarv  glauds..  Among  verme*.  lireehes  have  unicellular 
sabvary  glantU.  In  tnniU  ihc  Kahvary  glaniu  ore  also  widely  disseminated, 
and  th«  saliva  from  dolium  galea  contains  more  than  jj  j>cr  c*.-nt"  sulphuric  acid, 
which  also  is  present  in  murex.  cassis,  and  aplysia.  Cephalopoda  have  a 
double  set  of  salivary  (jUinds.  In  the  octopus  tlie  j-aliva  digests  liWm.  but  not 
starch,  and  it  i.t  pdijionouK 

Crop-like  tormations  arc  wanting  in  all  mammals;  the  stomach  appears  to 
be  single,  as  in  human  bein]^,  or  divided  into  halves,  as  in  many  rodenta,  into 
a  cartliac  portion  anil  a  pyli.inc  portion. 

The  stomach  of  rxunuiants  oniists  of  four  portions:  the  first  and  largest 
it  the  pntmch  (rutiicn),  the  next  the  honeyconih-bag  (reticuUim},  In  tiicbc  li^t) 
portions,  principally  in  the  paunch,  the  ingcsta  undergo  maceration  and  fermenta- 
tion. They  arc  novr  returned  to  the  mouth  by  the  action  of  the  voluntary  mus- 
cular fibers  passing  to  the  st'jmnch.  ugain  thonniKhly  masticated,  and.  by  the 
closure  of  a  special  semicircular  groove  (esophageal  |TOove>,  the  bolus  is  earned 
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into  the  thin)  xtomich.  the  manyplEu  (pulterium).  which  is  abKnt  in  ciunels, 
and  thence  to  tbc  true,  fourth  stomach,  the  rmnrt-stomach  (abonusum),  In 
th«  two  first  stomachs  Eiarch  and  cellulose  arc  digcsicd,  the  s-JEar  formed  in  [mrt 
passing  over  into  lactic  actd.  The  third  utonijich  pcrfornis  chiefly  mccluinical 
work,  while  the  f^'urth  really  digc-Gts  albumin.  In  the  small  tnt«ftine  proteida 
and  carbohvd rules  are  further  digested 

The  intestine  is  divided  into  tlie  small  and  the  larer  intestine.  It  is  short 
in  camivora,  and  considerably  longer  in  lierbivora  The  cecum,  which  in  her- 
bivora  attains  conndemMe  siie  :iK  the  tnnut  imjxirtjint  tir^an  vf  dii^Rtioa,  and  in 
some  rodents  is  even  multiple,  rcprcMnis  in  human  heitt^rs  an  inngnilicant. 
tjrpical  remnant,  and  is  Mlio]ly  ahscni  :ii  camivora  In  hirda  the  csophaeus. 
especially  in  btrdiii  of  prey  and  ijninivTim,  nflen  [uissi'Sm:^  j  divcrtirular  appmaix. 
the  crop,  for  tlte  maceration  of  the  foo<l-  In  the  crop  of  pi|i:conx  there  cccurs. 
at  the  brccding-sca&on.  tbc  Kcrctton  of  crop-milk,  the  product  of  a  special  gland, 
which  is  also  used  asfor>d  for  the  younji.  The  alomacli  consists  of  the  proven- 
triculus  well  supphed  with  glands,  and  the  thick-walled  mtucle -stomach,  which, 
wit)i  the  aid  of  the  innnr  homy  pUtes.  ellccts  the  cruahin^^  especially  of  srain.  In 
the  intestine,  at  the  junelion  M-ilh  the  short  large  intestine,  there  is  almost  con- 
Miiiitly  preient  a  pan  of  ttca  shii]»!ii  like  a  ([love-ftrHger.  The  ime-iiinal  mucous 
membrune  exliiliils  princigwlly  longitudinal  folds.  The  alintentarv'  canal  o(  lish 
is  usually  simple.  The  stomach  Bequcntly  represent*  only  a  dilatation.  Less 
commonly  the  pylorus  possesses  one,  more  frequently  a  large  number  of  divertic- 
ular appendices,  containiue  a  large  number  oi  glands  (appendices  pylorica;,  aa, 
for  exan)ple.  in  the  *altncri).  The  mucous  membrane  oi  the  umally  short  intes- 
tine exhibits  lon^tudinal  plication,  as  a  rule,  or  the  so-called  spiral  valve,  as  tn 
the  cturgeftn,  rrswlting  from  a  spiral  arrangement.  The  alimentary  canal  of  fish, 
from  the  esophagus  to  the  rectum,  possesses  peploniiing  power.  The  short 
rectum  is  provided  in  sJiarks  and  rays  with  a  diverticular  appendage  (bur^a 
eiitiana). 

In  amphibia  and  reptiles  the  stomach  is  generally  a  simple  dilatation.  The 
intestine  is  longer  in  lierbivora  than  in  camivora.  Especially  interesting  in 
thiK  connection  is  the  fact  that  the  vcgetahk-eating  frog-larva:  ac<iuire  a 
much  shorter  intcstioe  with  the  lactAmorphosie  that  makes  them  carnivorous, 
terrc'tlrial  animah.  The  intestinal  mucous  membrane  of  reptiles  exhibit* 
numiTous  pltcatioti.i.  The  liver  is  not  wantmg  in  any  vertebrate,  and  is 
especially  large  in  tish.  The-  amphioxus  has  only  a  diverticulum  indicative  of 
fiht  liver  The  gall-bladder  is  wanting  occasionally  in  all  classes,  in  accord  with 
which  is  the  experimental  observation  that  extt'rpaiicvn  of  the  gall-bladder  it 
unattended  with  appritriiible  inlbirncc  on  cli(,>cKtion  .ind  absorption.  The  pao> 
creaa  is  wanting  only  in  some  fish.  One  opening  (in  the  amphtoxus)  or  two  open* 
iflgG  (in  the  shark,  the  ray,  the  sturgeon,  Uic  eel  and  the  salmon)  lead  frocn  with- 
out freely  intuLhv  abdommal  cavity,  the  s.imc  conditions  prevail  also  in  crocodiles. 

Among  the  mollurcs,  snads  and  cephalopoda  only  have  true  organs  of 
mastication.  Some  herbivorous  land-snads  h.-vve  a  movable,  homy  grinding 
plate  situated  in  the  upper  pharyngeal  wall.  HoriEonial  maxUlary  plates,  with 
bard  edges  working  one  upon  the  other,  are  present  parlieularly  m  carnivorous 
mails  with  uncovered  gilk.  A  homy  grinding  plate,  placed  like  a  tongue,  whose 
peculiar  form  serves  for  the  systematic  differentiation  of  various  snails,  is  fre- 
fluently  present  iu  others.  Cephalopods  possess  a  strong  biting  apparatus  hi 
trie  form  of  a  large,  homy  pair  of  jawu.  rC5cmbling  a  parrot's  beak  in  shape.  They 
also  have  a  grintling  plate  upon  a  tongue-like  prominence.  Ktiidoed  with  fpiDcs. 
The  alimcntiu>'  canal  is  divided  into  esophagus,  stomach  and  intestine,  at  timca 
provided  wiUt  diverliculu.  In  many  inus»els  tbe  rectum  pierces  tlie  heart  and 
the  pericardium  In  snaili  the  onux  is  usually  in  the  vicinity  of  the  respiratory 
ergant  The  liver  in.  as  a  rule,  large.  The  vineyard -«nai I  has  a  retluloee* 
splitting  ferment  in  the  sccrciion  of  the  hver.  In  the  cephalopods  the  ink-bag 
opens  into  tlie  rectum  or  near  the  anus 

Among  vertebrate*  crustaceans  have  a  masltcatiiig  apparatus  transformed 
frtnn  feet:  in  some,  true  masticating  feet  are  still  present:  in  parasitic  crabs  there 
are  also  sucking  mouth-organs  Among  arachnids  the  mites  have  suclt^g  mouth- 
organsi  in  true  epiilcrs,  there  arc,  in  addition  to  the  sucking  mouth-orfisoti 
horizontally  acting  clutching  jaws,  in  part  connected  i«-ilh  poison -glands.  Centi- 
pedes pAS90»!  n  stron;;  •-■■■''•■  -"f 'iws,  acting  horiiontally.  Of  insects,  those  provided 
with  masttciitjrg  m.  jk's»«m,  between  tlie  upp<T  and  lower  lips,  two 

pairs  of  jaws,  aclinj:  i  ly  against  each  other,  of  which  the  upper  (man- 
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dibuUe)  txcecd  the  low*?  (maxilUe)  m  strmijtili.  In  sucking-tnsecU  th*>  fft«p 
jaws  Are  transformed  into  a  lon^  tube  with  a  lonjipiiidiTia!  slit  (the  ningiag  pro- 
ootd*  of  the  bed-liu^,  which  lic»  in  the  yi-micircii!iir!y  gronveii  lower  lip  As  in 
K  esse.  Tbe  proboscis  of  the  butterfly  consiste  of  th«  grr-atly  prolonged  lower 
jaws,  lying  srae  by  side,  and  capable  ot  being  railed  up.  while  ine  development 
of  ihc  upper  jaws  has  been  arrented.  Bee*  h«ve  a  sucking  tongue,  which  licx 
in  B  groove  format]  in  the  lon-cr  jaws:  in  addition,  the  feeble  upper  jaws  still  per- 
sist OS  organs  of  mastication. 

la  cnuttacesas  the  esophagus  is  short;  in  suoie  the  ntoniuch  in  a  simple  dila- 
tation, in  others  it  possesses  diverticula,  in  which  are  situated  the  bile -producing 
glands-  The  freshwater  crab  and  its  relatives  possess  a  strong  chitmi/ed  in- 
liraa  in  the  stomach,  which  is  capable  of  acting  as  a  masticating  organ.  This 
inetubrane  is  expelled  when  tlie  slttn  it  shed.  Among  arachnidi:.  Morptons  have 
a  Simple  alimrntar)'  CRnal.  True  spiders  possess  a  narrow  ccophsgiis  and  a 
circular  stomach:  in  addition  diverticula  on  all  sides,  at  the  base  of  n^ch  liver- 
Itssue  is  present,  and  which  may  extend  even  down  into  the  feet.  In  insects. 
in  iiddilion  tn  the  etiopliagus  iiiitl  the  chyte-RKimoch.  generally  rich  in  glands, 
and  at  times  semiied.  there  are  pre«^nt  varimifi  portions,  such  as  the  crop  in 
the  cricket  for  instance,  the  sucking  stomach  in  ihc  buttcrlly.  the  masticating 
stomach  in  the  L-v^tlc,  in  viiryiiig  manner.  The  iiitcalinal  cano]  is  usually  shorter 
in  carnivorous  thn«  m  herbivorous  insect*.  In  the  intestine  of  the  flftur-worm 
(tenchri'ij  ferments  are  present  rewmbling  those  of  the  pancreatic  juice,  tt 
is  rcmarVable  that,  in  the  larval  state,  as,  for  example,  of  most  bees,  the  tract  ia 
closed  betow  the  chyle-stomach.  Tlie  rectum,  with  its  auxiliary  apparatus,  exists 
by  itself  and  emptiex,  a.t :»!  t-xcretory  duct,  into  the  anus.  I'eculiar  long,  tubular 
cxcretor>'  organs,  the  Matpi;^hian  vessels,  several  of  whkh  arc  present,  open  at 
the  juDCtion  of  the  small  and  ilic  large  inicsiine. 

Qt  the  veTmcs.  lane  vvurnis,  as  w<-lt  as  the  iicanthooephala  (ethinorhynchus) 
among  round  worms,  nave  no  special  digestive  organ,  but  are  nourished  bycndos- 
roosis,  thri>uKh  absorption  on  the  part  of  the  »kin.  'ilic  anus  is  wsjiting  ia 
trematodes  (distomum).  thread-worm!,  and  almost  all  turbellaria  In  the  tirst. 
as  well  as  in  leeches  (sanguiauga) .  the  buccal  orihe«  ie  surrounded  by  a  sucking- 
cup,  which,  in  leeches,  possesses,  in  its  depth,  ihrei'  dcninied  cutting  organs. 
Some  Iteches.  as  well  as  the  pbnaria.  have  a  proiru-itle  proboscis.  The  intestine 
of  turbcllatta.  unpmvided  with  an  aiuiis.  is  shaped  «im|,i!y  like  a  glow-lmger.  It 
is  variotnly  branched  in  livcr-fliikcs  (distomum)  In  the  annulate  wonriB  the  in- 
testine extends  from  the  anterior  lo  the  posterior  extremity  of  the  body;  both 
mouUi  and  anus  are  present.  Among  thrrn.  the  earth -wiimi.t  posness  a  muscular 
pharynx,  while-  leeches  have  a  highly  distensible  stomach,  provided  with  many 
lateral  diverticula,  which,  when  the  animal  has  tucked  itself  full,  can  be  incised 
through  the  skin  of  the  back,  so  that  the  blood  Hows  contintiously  from  the  wound, 
while  the  animal  continues  to  take  up  blood  through  its  sucking  mouth  (bdel- 
lotomv).     All  vermes  are  unprovidud  with  a  liver. 

All  echinn(>rTnB  possess  an  intrstinal  canal.  The  mouth  is  often  provided 
with  a  biting  mechanism ,  which  appears  in  sea-urcliins  m  the  form  of  live  enamel- 
teeth  connected  wilii  a  m«v»hl«,  coiniilieali't!  mjixillary  apparatus  (ArinlOtle's 
lantern}.  Many  of  the  stndish  arc  unprovided  with  an  anus:  a  bilc-jike  secretion 
is  found  in  diverticula  of  their  stomach.  Salivary  glands  have  been  found  in 
S4a-UTchinB. 

The  ar|uatic  cclcnterates  possess  no  intestinal  tract  pTO^'idcd  with  independent 
walls.  The  abdominal  cavity  is  the  digestive  cavity;  mouth  and  anus  are  repre- 
sented by  the  same  central  orifice,  which  often  is  surrounded  by  tentacles  (med- 
ia*, polyps).  A  system  of  canals,  passing  tlirough  the  budy  (rneduca-}.  and  con- 
nected with  the  (trgestive  cavity,  conveys  the  nutritive  lluid  and.  at  the  same 
time,  the oxyj^n-containing  water.  It  is.Vherefore.thewater-vascular-sysiem.and 
at  the  some  time  the  nutritive,  respiratory  and  excretory  organ. 

Among  the  protozoa,  the  gregarines  arc  iiourishec!  by  endosmo^s  through 
the  skin.  Infusoria  possess  mouth  and  anus,  altbougb  their  abdominal  cavity 
is  bounded  onlv  by  the  protoplasm  of  their  body -substance.  Rhisopoda  suirouno. 
their  food  with  their  bodv-Substance  and  exerete  the  indigestible  material  at 
another  portion  of  the  body.  In  spongea  this  process  takes  place  frfim  the  in- 
terior of  their  numerous  eanats.  which  penetrate  the  colonics  of  their  protoplasmic 
bodies. 

Dtgtstivf  PftenoMtena  iu  Plants. — The  observations  upon  the  digestion  of 
proieid  on  tbe  part  of  a  number  of  planu  are  highly  remarkable.     The  sundew 
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(droerra)  poteesses.  upon  the  surface  of  its  leaves.  nuimMniis  tcnlack-lilcc  proccsKflt.  ■ 
provided  with  elands.     As  suon  «$  An  inirct  lights  upon  the  l««f.  the  fanner  is 
auddi-nl'T  s«ixe<r  by  the  tentacles.     The  glands  discharge  a.  juice  of  Acid  reaction 
and  diR*»t  th*  ftniinnl  "iili  ttu-  c.wcption  ■•!  its  insnIuWo  chitinous  remain*.     The 
ivik*  cc-ntains  a  pcitsm-like  ferment  and  tiTmix:  acid.     The  s*croti'>n.  a»  w«ll  as. 
later,    the    alMorinion    of    (he  dis*oU*<-d  «ul>nAnces.  t.ikes  place  in  einjunctioiL < 
with  movemt-nt  of  Iho  [irotojilnam  of  thir  Iraf-eelU      Veniis'  lly-trap  (dionc»)  audi 
hutltr-wort  (pin^iiculal   exhibit  similar  proce&i«i>.  as  well  as'thc  cavities  of  tm* 
transfortnrd   leaves  of   the   nepenthe.     Altoceiher.  about    15   species   of  Euch 
carnivorous  dichotyh-i  an;  known. 

The  juice  escaping  from  incisions  in  the  grcvn  fruit  of  the  papaw-trce  (carJC 
papaya]  posscsscrs  pcptijnising  prti[Kriiis  due  lu  a  fcnncnl  closely  allied  to  tr>'p«iii 
The  milky  sap  frcim  tlK-  tie'trce  is  likewise  active,  excrlinu  a  diasiutie  ctTecl 
also  cwujTul.^tiiis  milk  n\  jo^  C.     Albumin  it  dissolved  also  by  some  funRi  (bol 
tuber;,  lieheni:  [parnK'lis)  and  th<-  6ap  of  taraxacum,  lactuca,  a^nve  and  poftulaCrl 
Artichokes,  velfow  or  lady*  hMsiraw  and  Other  plants  contain  rennct^fermenf 
The  sap  of  aU<eu  and  of  suyuri-ane,  ae  well  as  dried  t)(|;s.  coagulates  tnilk  and  ha 
a  peptoniiins  jirtiun,  a*  (li^rs  .ilvii  ordinary*  llmir-iloii^h  on  <i<hnixture.  further  the 
juice   (cont»ininK  peptone  at   the  same  iimc)   from    the   seed  of  irheat.  barley. 

floppy,  bccta  and  com,  tifter  the  additim  of  organic  acids  _  Potatoes  and  rice 
lave  feeble,  flour,  gmin  and  com  marketl  MiKaT-forminu  activity. 


HISTORICAL. 

DigtsiiifH  in  ihe  Mouth. — The  vcstcia  of  the  teetli  were  known  to  tlvc  Hippo- 
erati*  school.  Ariemtle  a«cril>ed  an  uninterrupted  growth  to  the  teeth.  1b 
addition,  he  directed  attention  ti<  the  fact  that  thoM  nnimaU  that  exhibit  adcvel- 
optncni  of  horns  and  antlers,  cloven-hoofed  animals,  poswss  an  imperfceC  ih'niurai 
(absence  of  The  upi)*-rinei!«jr  teeth).  It  is  a  remarkable  fact  that,  in  human  tieing  * 
with  excessive  formation  of  honiy  K;il>stanfe.  in  conxcnuence  of  the  prcaei 
of  supvrftuouB  hair,  imperfect  development  of  the  teeth  (abitrncrRf  the  mcis 
has  also  been  observ'cd.  Tlic  ttiusele.i  of  mastication  were  rccognifcd  carljr*. 
Vidius  (died  isC>7>  described  the  maxiUarx*  orticuUitifii,  with  the  meniscus,  The 
epiglottis,  according  to  Hippocrates,  prcvcnia  the  entrance  of  foo»i  into  the 
lar>nx  Tlie  ancients  toiisidered  the  aaliva  only  a  solvent  and  a  mean*  for 
moiiiteninii;  the  food.  In  addition,  in  cunM:i|ucnce  of  a  knowledge  of  the  saliva  of 
rabid  animnU  and  the  parotid  secretion  of  venomous  snakes,  various  poisonoiu 
proi>crties  were  ascribed  to  the  saliva,  especially  fronj  fasting  animals—a  view 
that  Pasteur  again  conllrmed  in  part,  referring  the  action  to  pathogenic  bac- 
teria in  the  svcretions  of  the  mouth.  Aretieus  {81  A.  D.)  emphasices  the 
muscular  nature  of  the  tongue.  The  salivaiy  glaiid*  had  been  cliKovered  En 
ancient  limcs-  Galen  (tjt-joi  A.  D)  was  fainiliBr  with  T\*harton'ii  duct  and 
i^tius  (270  A  r>  I  with  the  submaxillary  and 'suhliiigtial  glands.  Rcgncr  dc  Graaf 
establUncd  salivary  tistLila.-  in  io^  in  1663,  hy  tyi^g  tubus  in  Stenon's  duct. 
Hapcl  de  la  C1iena%-e  obtained  in  1780  for  cxaminatioo  lai^  amounts  of  saliva 
from  a  salivary  liiiula  established  m  a  horse.  Spallansani  in  1786  stated  that 
insalivated  articles  of  food  arc  more  roadily  digccted  than  thOM  moistened  with 
water  H.imhurRcr  and  Siebolil  investigatca  the  reaction,  cootisieiicy  and 
specific  gravity  of  the  saliva  and  found  mucus,  proteid  and  salts  present.  B«r- 
zelius  introduced  tlie  term  ptyalin  for  the  characteristic  substance  in  the  saliva, 
though  I^uchs  in  1831  lirsl  discovered  its  diastatic  femieniaiivc  action. 

Soitric  IH&iUon  -TiK  ancients  compared  digestion  to  cooldnK,  through  which 
solution  is  eilected.  .\ristoLle  supposed  that,  through  this  "pcpsu  '  cbvle 
(ichor)  first  developed  from  th«  food,  and  then  readied  the  bcart.  He  also 
knew  of  the  renn«t-acuon  of  the  stomach.  According  to  Galen,  only  dissolved 
m&s»c8  paas  tlirouSb  bh«  pylorus  into  the  intestine.  He  describd  the 
movemi^nt  of  the  stomach  and  the  peristalsis  of  the  intestines.  /Elian  recognized 
the  fnur  Mom.tchs  of  niminantii  and  gave  their  names.  VLditiS  (died  15^7) 
observed  the  numeTx>us  small  glandular  openings  in  the  gastric  mucous  mem- 
brane, van  HeUnoni  tdied  1G44)  expressly  mentions  the  acid  of  the  »ninuH.h. 
He  as  well  as  Sylvius  tdie<1  iAtj)  compared  the  action  of  the  stomach  with 
fermentation,  in  connection  with  which,  according  to  Descartes  (died  1650)  and 
Willis  (d>ed  1075).  the  action  of  the  acid  predominates.  Rcaamur  (>7S9) 
recognized  that  a  juice  was  secreted  by  the  ttomach  that  cfTccts  solution  and 
with   which,  together  with  Simllaniani  (i7T7).  he  undertook    digestive   experi- 
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ments  outside  of  the  stomach.  Canninati  (1785)  then  found  that  the  stomach 
of  camivora,  especially  when  engaged  in  digestion,  secretes  an  actively  acid  juice. 
Prout  discovered  in  1834  the  hydrochloric  acid  of  the  gastric  juice  and  Sprott 
and  Boyd  in  1836  found  the  glands  of  the  gastric  mucous  membrane,  among 
which  Wassmann  and  Bischon  distinguished  the  two  different  kinds.  After 
Beaumont  (1835-1833)  had  made  his  observations  upon  a  man  with  a  gastric 
fistula,  Bassow  (1841)  and  Blondlot  (1843)  established  the  first  artificial  gastric 
fistula  in  animals.  Eberle  subsequently  (1834)  prepared  artificial  gastric 
juice.  Mialhe  designated  the  albumin  modified  by  digestion  as  albuminose; 
while  Lchmann,  who  examined  this  more  thoroughly,  introduced  the  name  of 

eeptone.  Schwann  (1836)  first  prepared  pepsin  and  defined  its  activity  in  com- 
inatton  with  hydrochloric  acid. 

Pancreas,  Bile,  Intestinal  Digestion.— The  pancreas  was  known  to  the  Hip- 
pocratic  school.  Moritz  Hofmann  demonstrated  in  1641  its  excretory  duct  in 
the  turkey  to  Wirsung,  who  (1643)  described  it  in  human  beings  as  his  dis- 
covery. Regner  de  Graaf  collected  in  1663  pancreatic  juice  from  fistulse,  and  which 
Tiedemann  and  Gmelin  found  to  be  alkidine,  while  Leuret  and  Lassaigne  foimd 
it  to  resemble  saliva.  Bouchardat  and  Sandras  in  1845  discovered  its  diastatic, 
Eberle  in  1834  its  emulsifying,  Purkinje  and  Pappenheim  in  1836  its  peptic,  and 
CI.  Bernard  m  1846  its  fat-splitting  properties,  to  the  last  of  which  Purkinje  and 
Pappenheim  had  already  directed  attention. 

Aristotle  designates  the  bile  as  a  useless  excrementitious  product.  Ac- 
cording to  Erasistratus  the  bile  is  conveyed  from  the  liver  to  the  gall-bladder 
through  most  minute,  invisible  ducts,  AretiBus  attributed  the  cause  of  icterus  to 
occlusion  of  the  bile-ducts.  Benedetti  in  1493  described  gall-stones.  According 
to  Jasolinus  (1573)  the  gall-bladder  is  emptied  by  its  own  contraction.  Sylvius  de 
le  Boe  (1640)  observed  the  hepatic  lymph -vessels,  Walseus  (1641)  the  connective 
tissue  of  the  so-called  capsule  of  Glisson.  Albr.  v.  Haller  pointed  out  the  utility 
of  the  bile  in  the  digestion  of  fat.  Henle,  Purkinje  and  EKitrochet  (1838)  de- 
scribed the  liver-cells.  Heynsius  discovered  urea,  CI.  Bernard  {1853)  sugar,  in 
the  liver,  and  with  Hensen  (rSs;).  he  found  glycogen  in  the  liver.  Kieman  (1834) 
described  the  blood-vessels  more  thoroughly.  Beale  injected  the  lymph-vessels, 
Gerlach  (1854)  the  finest  biliary  passages,  Schwann  (1844)  established  the  first 
biliary  fistula.  Gmelin  discovered  cholesterin,  taurin  and  the  biliary  acids. 
Demarcey  pointed  out  the  combination  of  the  biliary  acids  with  sodium  (1838). 
Strecker  found  the  sodium-combinations  of  both  biliary  acids  and  isolated  them. 

Com.  Celsus  mentioned  nutritive  enemata  (3-5  A.D.).  Laguna  (1533)  and 
Rondelet  (1554)  knew  of  Bauhin's  valve.  Fallopia  (1561)  described  the  folds 
and  villi  of  the  intestinal  mucous  membrane,  as  well  as  the  nerve-plexuses 
of  the  mesentery.  J.  Conrad  Brunner  (1687)  discovered  the  duodenal  glands 
that  bear  his  name.  Severinus  (1645)  knew  of  the  agminated  follicles  (Peyer's 
patches.  1673)  and  Galeati  (1731)  knew  of  Leiberkuhn's  (1745)  glands  in  the 
mtestine. 
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arranged  as  a  mosaic,  in  part  as  porc-canaliculi,  intended  for  the  passage 
of  the  finest  fat-granules.  As  a  matter  of  fact,  however,  this  seam 
belongs  only  to  the  longitudinal  surfaces  of  the  epithelial  eelU  ami  is 
comparable  to  the  thickened  ctlgc  of  a  cylindrical  vessel,  open  above. 
The  protoplasmic  cell-contents,  which  enclose  a  large  elliptical  nu* 
cleus  with  nucieolus  in  the  lower  portion  of  the  cell,  end  approximately 
on  a  level  with  this  edge,  although  at  the  same  time,  liiey  contain,  at  the 
level  of  the  thicknesi!  of  this  margin.il  seam ,  many  pseudojHid-like  proto- 
plasmic processes,  whic]!.  standing  side  by  side,  and  arranfjed  in  bundles, 
are  surrounded  by  the  edge  of  the  marginal  border.  Thus,  when  viewed 
from  the  side,  the  lid-membrane  appears  striated,  while,  as  a  matter 
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Fk(,  >i*j.— SciuctuTtflf  a*  AbwiriMiin  jiriMJiuiufs  VilKn    A.  itaiuM'nrwitliiiii'Is  vlllui,litfiui;  Lnlladrical 

vt^lW.uigi,  vilb  lliicfc«n«d  tir.kr  jl.) ,  <-.  >  Hol>!"-d>;  ^  'r  IruncouilL  i>(  \\\c  aJcnoJ  lbu»  of  Ik*  ftllua; 
<J.  d.  t»illv  irUMnihil,  iaialiiili  Iirlim|il"iii1<i-Ili  'r  ri.  t,  (riirial  iTtHjJi-.twt  in  iranfraM  KCIbW.  Il.nra 
CVUndiltU  njihcliil  irlli  wlih  i-ii<iiitr.|   :    '  1.    iir>L«i.A  <A  ihr  <cll-pt<>>°pl>iiR.  IMJtIctlatlliK  fa 

■  )i*onitloa  1.1  ihr  tiii-cranuW     C.  ivlirnl.  ::i  alTi-i  iiTmiiiiixi  ul  >lir  l.ii  Ki>'i"'r>  hu  l«B  um- 

Zwfcil.     D.  rrllnitiirti ciBthrliiim  o!  Ihr  ' I i  i-^rn  iHc  kuifxr.  with  *  unlilM  •>tl  oi  tbe  ccBWr. 

of  f^act.  neither  the  Hd  nor  tlic  mosaic  plates  or  pores  attributed  to  it 

exist.      The  cells  arc,   therefore,  open   toward   the  intestinal  -surface. 

rJxe  protoplafimic  processes,  standing  close  together,  and  resembling  the 

^^*^-    of  ciliated  epithelium,  are  directed  from  the  interior  of  the  cell 

to-wvard  the  periphery  of  the  intestine.     In  their  midst,  near  the  free  sur^ 

/a<=e!.  lies  a  diplosom'a. 

, These  protoplasmic  processes  are  rapidly  extended  from  the  cell-body 

J°^^  l^'^ond  the  edge  of  the   cell -membrane,  and  in  a  manner  comparable 

►c^  the  psctidopods  of  ama'ba-,  they  seize  the  finely  granular   fat   and 

■'w  It  jnto  the  cell-body.     Moistening  with  bile  appears  especially  to 

»niote    their  activity,  as  the  movement  is  not  olwerved  in  villi  not 

'stentfd  with  bile. 
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Ill  iitlilitii'ii.  tin-  iiuvliill:!  oMoii);nta.  the  Fi'mnl  i-nni  or  the  dorsal  ncrvfs  must 
li.ivo  livii  iliMili'il  l\>r  ;il>inn  i\  iljv  jTcviou.«ly.  This  acivireiitly  di.}.>ci'.cls  vijion 
tho  t.wl  lli.it,  in  ihf  piviMr.iiion  of  an  \iiiiniiind  :ii::iiinl  viroj;"',  the  frosh  division 
ol'  ni'i\i's  ihii;  btvonu's  iH\'fssar\-  ;u-(s  as  an  irritant,  as  a  risuit  of  which  the 
orlls  M-ti'.o  ilo«»  to  n-si,  hko  irritated  amivti.f  it'.iki-  ihf  K-k-Tv.val  cells  after  irrita- 
tion ol  t'.ioir  lu-iAis,  riiis  fact  jioim^i  to  aii  mrUnriv  i.i  the  :-.crM-s  iipin  absorp- 
tion, 

Wlu-.v  tV.o  t>i>ithoi!.tl  cells  .in?  tilKV.  wiih  :;it-gra:^uies.  the  processes 
art'  wiiV,.!r.iw;»  into  i:w  interior  oI  tlio  cell.  The  1  orv'er  then  appears 
ini>t ■.•■„»; (\i.  .im;  a  tr.insp.ireiit  rone  lies  between  it  and  the  cell-proto- 
plas'.v.  Th.e  i;i^V'ei  oells  ai^'pear  to  '.^  enj:.ij:ed  rrini-:r.i*"y  in  the  secre- 
tion o:  tv.ticus,  .»Itho',ij;h  sr.iAll  :ai-srani:"es  are  s'so  occasional !x-  seen 
withiij  ;he-;. 

■.x:s^■^  .'!  oh.''.i'ra.  as  ■.vt-''.  .is  .i:;i.r  t,  ;s.  r-.r.^  ■i»i;h  irj«;:'.:^  and 

:T'.:is:;r.,i:  cv:;;:el ■,■.::,-.  t-iies  rlice. 
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another  and  with  the  protoplasm  of  the  epithelial  cells,  and  in  them, 
through  active  movement  of  the  protoplasm,  wander  the  fat-eranulcs, 
which  the  cells  take  tip  and  again  give  up  within  the  villus.  Thus,  the 
epithelial  sheath,  with  the  connective-tissue  corpuscles  of  the  villus, 
Lfonns  the  supporting  apparatus;  the  coiiLenls  of  the  epithelial  cells  and 
the  numerous  strcira.i -cells  are  the  arti^'e  propellers  o!  the  fat-granuies 
taken  up.  Through  appropriate  interstices  in  the  tiKsues  the  cavities 
containing  the  stroma-cells  communicate  with  rhe  axial  lymph-vessel, 
■which  is  hned  hy  endothelial  cells.  It  is  not  improbable  that  leukocytes 
frequently  migrate  (mm  the  capillary  blood-vessels  of  the  villus  into 
the  tissue  of  the  villus  and.  in  part  containing  absorbed  fat-granules, 
pass  over  into  the  central  I \-mph- vessel.  According  to  Schafer,  Zawarj'- 
kin.  Wiedersheim,  Stohr.  Preusse.  Ileidenhnin  and  others,  the  ameboid 
cells  probably  migrate  from  the  parenchj-ma  of  the  villi  toward  the 
epithelial  layer  and  perliaps  even  between  the  epithelial  cells,  aiid  return 
[toward  the  axis  of  the  villus,  laden  with  the  substances  absorbed, 

A  small  artery  enters  every  villus  and.  lying  excentrically.  passes 
to  the  summit  of  the  villus  without  division,  to  give  off  branches  from 
tliis  point.  In  human  lieings  this  division  begins  at  the  middle.  The 
ramilicationK  form  a  dense  capillary  network,  which  lies  superficially 
in  the  parenchyma  of  the  villus,  almost  directly  beneath  the  epithelial 
layer,  and  from  which,  either  at  the  apex  of  the  villusor  further  downward , 
,a  vein,  running  backward,  is  constituted. 

The  vUlufi  is  provided  with  unstriated  muscular  fibers,  both  deep- 
seate<l,  their  bundles  accompanying  the  central  lymph-vessel  longitu- 
dinally, and  also  superficial,  running  rather  transversely. 

The  connective  tlc^ue  of  the  lunall  intfrttine  has  two  layers,  a  dt-cper,  ccnTipdsrd 
of  thick.  inlcn*ov»Ti,  muinlr  collaiienoiis  filx-ra  (Kinituin  fitirosiim) ,  and  lying 
above  this  B  rcticulai  layer  intcrmtxcd  with  clastic  fibers  (Etratuin  granulosum), 
mtcrini;  into  the  villi  aUo. 

Ktrvti  enter  the  villi  from  Meisaiier'i  mucuus-uicinbrane  picxuit,  &re  provided 
'  wilh  small,  grnnular  gondii  on  •cvlU  in  tlicir  course.  And  end  in  p.irt  in  the  mubcUe 
o(  the  villi  and  of  tho  arlericp.  whik*  in  part  th«y  appL'ar  to  communicate  wi^ 
the  contractile  protoplasm  of  the  epithelial  cells. 

Nvrve-hlaments  pau  (mm  Meitkner'K  mucous -membrane  p1exu«  to  the  vesMis 
of  the  fiubmucosa.  Mcissnrr's  [Ii-xub  coniRiuiiic»irK.  by  niimrrous  Abcre.  with 
•  ncrve-plcxus  that  spieads  thrnughout  ihc  entire  thickness  of  the  mucous  meni- 
briine.  extends  into  the  villi  and  nuuplies  the  muscularis  mucosa:,  the  veaaels 
of  the  mucotu,  Mid  Licbcrkuhn 's  ^iBiids. 

The  epithelial  cells  of  the  large  intestine  possess  no  scam-like  mar- 
ginal iluckening. 

The  serous  coat  of  the  alimentary  tract  is  provided  with  special 
Ijinph-vcsscls.  at  first  distinct  from  the  chyle- vessels. 

ABSORPTION  OF  THE  DIGESTED  FOOD. 
PHYSICAL  FORCES:  EIIDOSMOSIS,  DIFfUSlOU,  FILTRATIOK. 

E*uicjfiosit  atiti  difJHiinn  tnkc  yUci-  h.'T>v<>-n  two  liquids  thftt  are  capable 
'of  ndmixtuK.  as,  for  example,  hydrochloric  acid  and  water,  but  nf<ver  between 
two  fluids  that  are  opposed  to  ndmixture,  as,  for  instance,  oil  and  water,  [f 
two  mtsrtble  dissimilRr  liijuids  an-  suparated  fmm  i-nch  other  tiy  s  membrane 
provided  with  physical  pores,  such  as  may  be  present  even  in  apparently  bomo- 
fCGCoux  membranes,  an  interchange  of  the  coiistitutni  parts  takes  place  through 
the  pores  of  the  niembTmnt.  until  linally  both  fluids  have  the  SHme  composition. 
Tliia  piucusn  is  Ocsi^ated  cndosmmis  or  diosmofits.  The  endosmotic  passage 
of  a  aul»1ancc  throug^h  ibc  membrane  lakea  place  if  a  solvent  liquid  having  an 
attraction  for  tbe  suMtuice  ia  prcaeut  on  the  uther  side  of  tbc  meinbrane. 
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Acid  poussium  sulphate •■  1.3  Magnesium  sulphate     ■■  11.; 

Sodium  diluriil                   ...  -  4.3  Pousstura  sulphttte —  la.o 

Sugftf      -    .    .  —  j.i  Sulphuric  acid —  0.39 

Sooium   sulphntc      . «•  11.6  Potassium   hydrate ^  aij.o 

The  amount  of  the  Bulistancc  passing  through  ihc  memliran*  into  the  water 
of  thf  cjlimkr  ^■vil.hin  an  ccjual  tiiiie  is  ptupaniaiial  10  the  dcKret  i»(  toitcciii ra- 
tion of  thv  solution.  If,  therefore,  tb«  wairr  witbin  the  cylinder  i»  ftcquvntly 
renewed,  Uic  cour»c  of  the  vndo*matic  cqualixAtion  ic  the  more  lapid.  Further, 
the  lart^cf  the  pores  of  the  membruie  and  th«  smaller  the  mo]«cuie8  of  the  sub- 
stance in  solution,  the  more  quickly  endosmosis  takes  place  It  thus  reiuJtx 
that  the  rajHdilv  with  which  eauo.traij«i£  titkes  fjUtee  varies  lor  diderent  tul>Klanrt-s. 
Thu»  the  t3\n^]ty  for  KUgar.  ajdiutn  sulphata.  sodium  chloriJ  and  urea  is,  as 
I  :  I.I  :  S  :  «,s 

The  endosmotic  c'^ivaleul  for  each  substance,  liovrever,  is  not  constant. 
It  is  infliieticetl  hy:  1  The  lempt-ruture,  wiih  increase  iji  which,  in  general,  tlw 
cndoKHiotic  equivalent  increases,  a.  C.  Ludwtg  and  C]iX:tia  have  demonstrated 
that  the  eud'j*iiif>i  ic  c<|uiyalcnt  varies  with  tlie  degree  of  concentration  of  the 
pcnctratitig  iiolutions;    it  is  larger  for  dUutC  solutioua  c-f  substances. 

Should  a  solution  c.f  another  Kubstance  be  present  in  the  cylinder  inrtcafl  of 
water,  an  crdnsmiHic  ruTreW  takes  place  from  l»th  sides,  iinti]  c'nmplrte  c^uali^a■ 
tion  is  cllectcd.  In  this  process  il  is  seen  that  these  counier-currenis  of  cortcttn* 
trated  dilutions  have  a  disturbing  miluence  on  tach  other.  I(.  however,  two  sub* 
stances  in  snhilion  are  prex-nt  in  the  Ila.Oc  at  the  luime  time,  both  difluse 
toward  the  water,  without  interfering  with  each  other.  ■^.  The  endosmotic 
eiiuivalcnt  varies  with  the  employment  of  difTcrcni  membranes  of  different  iiorosity. 
Sodium  chlorid,  which  Ima  an  endosmotic  etiuivalenl  of  4.3  when  pig's  bladder  is 
used,  pcescsscs  an  ciuivnlcnt  of  6.4  when  a.  cow's  bladder  is  employed;  3.9 
with  a  swimming-hladder,  and  jo,»  with  a  collodion  membrane 

There  are  a  number  of  fluids  that,  on  account  of  the  considorable  sixe  of  their 
molecules,  are  capable  of  paitsing  iiSih  ditTicuIty.  if  at  all.  through  the  jiores  of  a 
membrane  im|>regitaied  with  gelatinous  suliitiuicett.  diiTusiblw  with  difficulty. 
These  consist  in  part  of  lluids  tnat  contain  substances,  not  in  tnie  solution,  but 
in  a  {greatly  diluted  stale  of  imbttntiun .  Amont;  such  sabstaneex  are  the  liquid 
albuminates,  solutions  of  starch,  dextrin,  gum.  mucus  and  zcUtin.  They  are 
enable  of  gradually  passing  over  into  and  mixing  with  other  fluids  by  difiusion, 
isthe  absence  of  an  intcrvcnini;  porous  lueiiibranc-wall.  tlicy  pasaby  endosmosis 
with  diHiculty,  if  at  all,  throuRh  the  [>«re»  i>l  iiiembraiies  imprcifnalcdwith  gelatin. 
NevcrthelcsK,  the  nature  of  the  outside  tl<|iii<]  must  bi^  in.krn  into  consideration, 
egg-albumin,  it  is  true,  pas<a»  through  membranes  into  salt- solutions ,  but  not  into 
water;  the  transudate,  under  such  conditions,  becomes  more  comcentrated. 
Graham  has  ileti^nated  t)ie  substarteei^  in  iiudUmn  eulluidx,  lieeause  in  consider- 
able concentration  they  I»ecf>mc  Kelatinrms  Thi-)'  al»f  poMcss  the  prtwerty 
of  not  crystalUiing.  as  a  ride,  while  crystalline  sulistanccs.  designated  crjitalioids, 
are  exctuingcd  h\  endosmows.  The  endo«LinoUc  apparatus  thus  cun^iii lutes  a 
mechanism  for  cAecting  a  separation  fnjni  mixtures  o{  crystalloidn  and  colloids, 
wliicb  by  Graham  is  designated  dialysis.  II  mineral  salts  are  added  to  the  colloid 
substances,  their  ability  to  pass  through  membranes  is  ioereaaed. 

That  endoamosis  takes  place  within  the  aUraentary  canal,  through 
its  mucotis  membrane  antl  the  delicate  membranes  of  the  capillary 
hlood-vessels  and  lymphatics,  cannot  be  denieii,  On  the  one  side  of 
the  membrane,  within  the  tract,  there  are  relatively  amcentratcd  aque- 
ous solutions  of  salts,  sugar,  .■^oap.':.  and  peptones,  all  of  which  possess 
slight  diosmotic  power.  <>i  the  inner  side  of  the  vessels  is  the  colloid, 
albuminous  solution  of  the  blood  and  the  lympli,  practically  incapable 
of  osmosis,  and  deficient  in  the  matters  in  solution  within  the  ali- 
nientary  canal,  particularly  in  the  state  of  hunger.  The  vital  proper- 
ties, however,  probably  in  cont*eqnence  of  the  motility  of  the  jjroto- 
plasmic  structure  within  the  membranes,  also  appear  to  exert  some 
inlluencc  upon  endoaiiiosis.  Thus,  Reid  observed  that  the  exfoliated 
frog'.s  skin  i.^  less  permeaide  than  living  skin,  and  the  latter,  in  turn, 
more  so  after  irritation  had  been  appUcd. 
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Fiitfatiom  is  tbe  possogs  of  And  tfanmgh  the  rosner  tutenncrfeculu- 
of   K   mcrobiBiie   depciKleoc   upon   pressure.     Tb«   hisber    the    Imtter  and  \l 
tafger  and  moie  numenma  tlie  porcj,  uie  mure  rapidly  will  tbc  {iitratr  paathrouj 
the  pore*  ci  tbe  membnuw.     Incrrasc  in  irmpcratuic  likrwisr  accclcraifs  iiltr 
tiaa.     PunbcT,  those  Stiids  filter  most  readily  that  most  rapidly  soak  into  t1 
fD*mbrao«  in  qucsiioo.    TbKnion.  didcrenl  fimds  v^ry  in  tbe  Tcadia«s  wit 
which  they  oaw  thivosh  diflerent  iiKmbraiiec.     Furtbcr,  the  ftrcatcr  tbe 
ceotratioin  et  Ibe  solutioes,  tbe  more  slowly,  in  general,  is  tbctr  passage, 
filter  has  the  property  of  retainine  in  part  matters  from  th«  solutiofu  puns^ 
tlirottgh.  «itber  sobstiinoes  ditsolvca  in  the  ttviA  (psniculaily  colloid  mbstances)^ 
or  water  (from  dUate  Mihitjoos  of  potasnum  nitrate).     In  the  fovmer  case  ll 
filtrate  i%  more  dilute,  in  the  latter  more  cnncmtralcd.  than  the  finid  was  bef~ 
its  passage  thixni^  ihr  lilter.     Other  substances  pass  through  without  mat 
change  in  concentration,     ^ould  the  hlirate  enter  another  fluid,  tbe  cnncenr 
iratioa  of  the  cransadate  iacreaaes  with  the  preavure  under  which  liltntion  \akt 
place.     SofDC  memhranea  esdiibit  a  diScrence  acccrdiog  u  mtration  takes  pL 
troci   their   diSerent   surfaces;   thut   the   nwrnbraos  t<«tM«a  of  the  egg  p 
nits  of  filtration  only  in  tha  direction  from  without  inward.     The  mueous  mecn-l 
farsae  of  the  sionwcb  and  tntestioe  also  exhibits  a  difference  in  this  respect. 

It  "A-as  formerly  betievcc)  that  filtration  of  substances  in  solution 
could  take  place  from  within  the  digestive  canal  into  the  vessels:  i.  If 
the  intestine  contracted  and  thereby  exerted  pressure  directly  on  tb« 
contents.  This  alone,  howei-er.  could  scarcely  have  any  notertrorthy 
infiuence,  even  in  case  the  canal  were  contracted  in  two  places  and  thie 
tntcrretung  mtisculature,  thnitish  contraction,  comprc^ed  the  Suid 
intestinal  contents.  2.  Filtration  under  negative  pressure  may  b« 
effected  through  the  villi,  which  on  contracting  forcibly  evactiate  the 
contents  of  the  blood-vessels  and  lymphatics  in  a  centripetal  direction. 
The  latter  particularly  will  remain  empty,  as  the  chyle  in  the  gnc 
bctealx  is  pre^-eated  from  passing  backward  by  ntunerous  valves.  Whcn^ 
the  villi  are  again  relaxed,  they  will  by  suction  be  able  to  till  themselvc 
with  the  fitiids  of  the  digestive  tract  capable  of  filtration.  On  the  otl 
hand,  the  fact  must  especially  be  emphasized  that,  according  to  S[ 
and  Heidenhain,  the  muscles  of  the  villus  acti\*ely  dilate  the  central^ 
lymph- vessels. 

ABSORPTIVE  ACTIVITY  OF  THE  WALL  OF  THE  ALDIEHTARY 

CANAL. 

The  process  of  digestion  prepares  from  the  food  in  part  tree  solutions,  ■ 
in  part  finely  divided  emulsions,  whose  small  globules  are  surrounded  hf\ 
an  albuminoid  capsule. 

Absorption  of  Solulio*ts. — It  cannot  be  denied  that  tme  solutions 
can  pass  over  into  tbe  blood  and  the  lymph  of  the  intestinal  casal 
endoemosis,  but  some  observatioos  indicate  that  the  cellular  elements  1 
tfac  digestive  tract  also  participate  in  the  process  of  absorption  througfal 
tfae  fimctional  activity  of  their  protoplasm.  It  has  not  as  yet  been 
possible  to  refer  the  forces  efiecti\-e  in  this  connection  to  simple  phjrsical  or 
chemical  processes.  'When  Hetdenhain  introduced  metbylene-bhie  in 
ac^tkm  into  tbe  intestine,  he  was  convinced  that  the  path  of  it.s  absorp- 
tion was  in  part  through,  in  part  between,  the  epithelial  cells. 

The  Inorgfmic  Substances:  Water,  and  the  dissolved  salts  neccssazT 
for  nutrition,  are  generally  easy  of  absorption,  and  in  large  m« 
by  the  blood-vessels.    In  the  absorption  of  salt-soUitions  by  endosmocts,^ 
water  must  naturally  pa»  from  the  intestinal  s-essels  into  the  iniesttne, 
while  the  salt-sohiti>)ns  enter  the  vessels.    The  amount  of  water,  how-, 
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6Tcr,  is  but  slJglit  on  account  of  the  small  cndosmotic  equivalent  of  the 
salts  to  be  absorbed.  Salts  are  absorbed,  in  larger  amount  from  con- 
centrated than  from  dilute  solutions.  If,  however,  considerable  amounts 
of  salts  with  a  high  cndosmotic  equivalent  are  introduced  into  the  in- 
tine,  as,  for  example,  magnesium  or  sodium  sulph.Tte,  these  salts 
iain  the  water  for  their  solution,  and  in  addition  more  rluid  escapes 
from  the  vessels  of  the  intestinal  wall,  and  diarrhea  results.  Conversely. 
it  is  evident  that,  on  injecting  these  substances  into  the  blood,  a  targe 
amount  of  water  passes  from  the  intestine  into  the  blood,  so  that  too- 
stipation  results,  in  consequence  of  the  great  dryness  of  the  interior  of 
the  intestine.  It  should,  however,  especially  be  pointed  out  that  the 
absorption  of  solutions  of  various  salts,  isotonic  with  one  another, 
takes  place  differently.  The  epithelial  cells  of  the  intestine  behave 
like  the  er>throc>tes  with  respect  to  the  permeability  of  the  solutions. 
Water  is  aljsorbeij  from  the  stomach  only  in  small  amount. 

||[  The  nbsorptiun  of  Ihtids  ukcs  place  best  ut  modetate  piemure  within  the 
intestinal  CAuil  (from  So  to  140  cm.  oCwatcr-prc&surc>,  in  connection  n-ith  nhich 
^e  surface  of  the  niucoua  membrane  is  best  siaoctlicd  out.  A  greater  <Jcgn^  of 
prCBSure  woulJ  coinprcNt  the  ictesttiiol  vessel^  aikI  would  ticcorduiKly  allow 
absorption  to  diminish.  Durmg  digestion,  on  account  of  the  diUtatifin  of  the 
Uood-vessclfi,  nbsorption  lukcs  place  rapidly.  Vot  this  n-ason  wnrm  Kohitions 
also  are  more  quickly  abeorbed  from  the  etomach  than  cold,  the  latter  causing 
cootraciioa  of  th«  vcmh!I&. 

I  The  fact  that  a  0.5  per  cent,  sodium^chlorid  solution  is  better  ab- 
sorbed than  water,  further  a  potassium-solution  less  well  than  sodium- 
solutions,  and  also  the  extensive  absorption  of  dog's  serum  in  the  dog's 
intestine,  arc  opposed  to  the  view  that  only  physical  forces  (endosinosis) 
are  concerned  in  absorption. 

w  Some  other  inorKunic  substances  also,  which  are  not,  as  mch,  constituents  of 
the  body.  ar«  absorbed  by  cndo8mo«is:  potassium  iodi<I,  potassium  chlorate, 
potasntuu  bromid ;  further,  iron-salts,  as  well  as  dilute  sulphuric  acid,  etc. 

CarbohydnUes  in  solution  have  their  chief  representatives  in  the 
different  varieties  of  sugar — and  principally  in  dextrose  and  maltose, 
which  have  relatively  high  endosmolic  equivalents,  as  cane-sugar  is  gen- 
erally transformed  ■by  a  terment  into  invert-sugar.  Absorption  appears 
to  take  place  relatively  slowly,  as,  at  this  time,  only  small  amoimts 
of  grape-sugar  are  found  in  the  intestinal  vessels  and  in  the  portal 
vein.  According  to  v.  Mcring,  the  sugar  is  absorbed  from  the  intestine 
by  the  portal  vein.  Dextrin  is  also  present  in  the  blood  of  the  portal 
vein,  as  boiling  with  dilute  sulphuric  acid  increases  the  amount  of  sugar 
in  this  blood.  The  amount  of  sugar  absorbed  depends  upon  the  concen- 
tration of  its  solution  in  the  intestine.  Therefore,  the  amount  of  sugar 
contained  in  the  blood  is  increased  after  a  diet  rich  in  sugar,  so  tljat 
it  may  even  pass  over  into  the  urine.  To  this  end  approximately  a 
0.6  per  cent,  solution  of  sugar  in  the  blood  is  necessary.  Also  cane- 
stigar  in  small  amount  has  been  found  in  the  blood.  When  a  large 
amount  ol  sugar- solution  is  present  in  the  intestine,  a  portion  also  enters 
the  lymph- vessels.  In  a  girl  with  a  fistula  of  the  receptaculum  chyli, 
not  more  than  J  per  cent,  of  the  sugar  introduced  into  the  alimentary 
canal  was  found  to  be  absorbed  by  the  lacteaJs.  The  sugar  is  in  part 
consumed  in  the  blood  and  in  metabolism,  perhaps  principally  in  the 
mttscles. 
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Peptones  have  an  endosmotic  equivalent,  more  than  four  times 
smaller  than  that  of  dextrose.  They  caa  be  rapidly  absorbed,  on 
account  of  their  ease  of  diffusion  and  liltration.  Absorption  takes 
place  through  the  blood-vessets,  unJess  excessive  amounts  are  preitent  in 
the  intestine,  as  after  li£:ation  of  the  thoracic  duct,  ingested  proteids  are 
as  well  absorbed  as  under  normal  conditions.  Peptones  have  been 
recovered  from  the  blood,  with  certainty,  in  small  amounts  only.  It  is, 
therefore,  to  be  inferred  that  they  are  quickly  retransfnrmed  into  true 
proteids.  Tlie  mucous  membrane  possesses  the  property  of  relr 
forming  peptone  into  albumin.  Heidenhain  regatds  the  epithelial  cells! 
of  the  villi  as  tlic  seat  of  this  transformation.  Peptone  gains  entrance' 
into  the  blood  unchanged  only  in  minimal  amount  and  it  disappears 
from  thia  after  iU  passage  through  the  tissues. 

If  blood  coiitsiDins  peptone  is  kept  wami  in  th«  prettcncc  uf  &  small  pii-cc  of 
■aall  intestine,  wbik  uir  is  pa»cd  tbroutch  the  mixture,  th«  jK-ptone  «omi  diHip- 
pears  from  the  Mood. 

The  peptones  undoubtedly  represent  the  principal  contingent  of  the 
albuminates  destined  for  absorption.  Of  all  the  proteids  they  alone 
RutTice  to  maintain  the  body  equilibrium,  a;:  animals  fed  upon  peptone 
only  (in  addition  to  the  necessary  fat  or  sugar)  are  able  to  maintain 
their  nutrition.     They  can  do  the  same  when  fed  with  propeptoae. 

According  to  PXeiffer.  the  dilTusion  o(  t)ie  i>epton«s  i«  promoted  by  a  j  per 
cent   solution  iti  {Hdtliiim  chlnriil  en-  >ul|>hAtc.     The  absuqition  of  ErsiH'-i«ijf«r  audi 
peptone  in  the  stomach  and  intestine  is  increased  by  the  addition  of  certain  sub-' 
stances,  as.  (or  cxMnplc,  &udiuin  chond,  pepper,  alcohol  or  ethereal  oils.     In' 
dORS  a  peptone-solution  <;  cu.  cm.  of  a  ao  per  cent,  nolutiun  in  0.6  intt  cent.  SodJiuD^ 
chlohd  (or  an  aaimal  n-cigbing  H  kilognuns]  iutroduccd  into  toe  blood,  cauaca 
death. 

Unchanged  PrcUids. — In  spite  of  their  slight  power  of  filtration 
and  (on  account  of  their  great  endosmotic  equivalent)  of  diffusion,  it 
has  been  demon.<;trated  with  certainty  that  unchanged  proteids,  such 
as  liquid  casein  and  the  proteids  of  milk,  meat-juice,  dissolved  myosin, 
alkali-albuniinate,  egg-albumin  mixed  with  sodium  cblorid,  synconin, 
gelatin,  can  be  absorbed;  their  absorption  takes  place,  in  part,  even 
from  the  mucous  membrane  of  the  large  intestine.  The  amount  of 
absorbed  unaltered  albumin  is,  however,  smaller  than  that  of  the 
peptones. 

Egg-albumin  without  sodium  clJorid.  scnmi-albumin.  hemoglobin  and  fibrin 
are  not  absortx-d.  Man>'  years  aK'>  ^^'•'  author  made  tbc  obittTvalion  in  a  >-ouiic 
man  thut  after  the  infpniiion  of  the  while  of  twiween  14  and  jo  ravr  eggs,  with 
sodium  chli'ind,  nlhitmm  wak  cxcrMed  in  the  urine  nfter  from  4  (o  to  hours.  The 
amount  oi  albumin  thus  eseretcd  iiicreaaed  up  tn  the  third  day.  then  becoming 
le«  and  ceasing  on  the  fifth  day.  The  more  albumin  mgested,  thf  carlieT  ihe^ 
^buminurin  ap^ieared  kud  the  iTmijer  it  lasted.  In  this  raur  the  riKidiLton  was 
evidently  one  in  nhich  oinsidiL-rablc  abscn-ption  of  unchanged  eKR-allmmin  took 
place  into  the  circulation.  If  egg-albumin  be  injected  directly  mto  the  blood- 
■cnsoni  of  animals,  it  likewise  passes,  in  port,  into  the  urine. 

The  soluble  %oaps  form  only  a  part  of  the  fats  absorbed,  the  largest 
portion  of  the  fat  being  taken  up  in  the  form  of  a  finely  granular^ 
emulsion.  Absorbed  soaps  have,  on  the  one  hand,  been  fotmd  in  tha 
chyle;  on  the  other  hand,  from  the  circumstance  that  the  blood  of  the 
portal  vein  is  richer  in  soaps  at  the  time  of  absorption  than  during  th« 
state  oi  hunger,  it  has  been  inferred  that  absorptton  of  the  soaps  takes 
place,  to  some  extent,  through  the  intestinal  capillaries.  Nevertheless, 
only  a  sma)* '  '  *'-ha  Maps  enters  the  blood. 
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The  cxpeiimcnts  of  Lens,  Bitldcr  and  Scbmidt  render  tt  pivltabk  tliat  the 
MMninn  ciin  take  up  only  41  limited  Eunount  oi  fat  within  a  certain  time,  and 
thu  mar,  perhaps.  be»r  a  definite  rcUtidi  to  the  fjUAnlity  o(  bile  and  pancreatic 

Sice.  Br>>ond  that  amount  nn  men  fax  is  absorbed.  Thus,  in  cats.  o.D  cram  of 
t  an  hour  was  found  10  be  th«  greatest  amount  absorbed  (or  evcrv  kilo^am 
of  body  weight.  I.  Munk  and  Kownstcin  found  the  abeorplivn  of  iat  ereateBt 
from  5  m  S  nour«  after  ingestion,  and  earlier  or  later  accordingly  as  the  fat  was 
more  or  less  readily  liqucliablc. 

The  greater  part  of  the  itoaps  in  the  intestine,  transfomed  into 
neutral  fat,  passes  over  into  the  chyle.  It  seems  as  if  the  snaps  arc 
capable  of  uniting  with  glycerin  in  the  parenchyma  of  the  villus  to  form 
neutral  fat.  Perewoznikotf  and  Will  found  neutral  fat  after  the  injection 
of  both  of  these  ingredients  into  the  intestinal  canal,  and  also  C.  A. 
Ewald  obBer%'ed  fat  to  form  when  he  brought  soap  and  glycerin  in  contact 
with  the  fr«sh,  living  intestinal  mucous  membrane.  Blood  and  chyle 
contain  no  free  fatty  acids.  In  the  blood  the  fat  is  subsequently  decom- 
posed in  the  preaencc  of  oxygen. 

Of  other  organic  matters  in  solution  that  arc  introduced  into  th«  intestinal 
tract,  some  are  absorbed,  as.  for  example,  alcohol,  and  many  others.  Other 
bodies  may  b«  in  part  absorbed,  in  part  fermented;  tartaric  acid.'citrie  acid,  malic 
aeid,  lactic  acid,  glycerin  and  inulin ;  gum  and  vegetable  mucin,  which  give  riee 
lothafonmationof  g3>'cogcn  in  the  liver,  and  ii  is  probable  that  unlCDOwn  products 
of  metaboliam  are  also  absorbed. 

Of  piRinwits.  alizarin,  idkaniia  and  jndieo-carmjm*  are  abnorbed:  others  are 
in  part  absorbed,  such  as  hcmatin:  chlorophyll  is  not  absorbed.  Metallic  salts 
aspear.  in  part,  to  be  held  in  solution  by  an  excess  of  albuminaiea ,  .ind  10  be 
alxoil^ed  at  the  same  time  with  t>icsc  (iron  milphate  has  btcn  i^jand  in  the  chyle), 
asd.  in  part,  to  !«  conveyed  to  the  liver  thn^ugh  the  blood  »(  the  portal  vein. 
Numerous  poisons  under^  rapid  ahaorptinn,  prtiwic  acid  in  the  course  of  a  few 
■econds;  potasiium  cyanid  has  been  (ouiid  in  the  chyle. 

Moreover,  the  purely  physical  conception  of  the  absorption  even  of 
true  solutions  by  endosmosis  and  filtration  niotie  is  not  sufificient.  Here, 
also,  the  protoplasm  of  the  cells  takes  at  least  an  active  part,  for  only 
in  this  way  is  it  possible  to  explain  how  even  a  slight  derangement  in 
the  activity  of  these  celts,  as,  for  example,  after  cold  or  excitement. 
may  be  followed  by  sudden  serious  dlsturlianccs  of  absorption,  even  the 
escape  of  fluid  into  the  intestine.  Only  in  thi-S  w.iy,  also,  can  the  fact 
be  explained  that  the  presence  of  different  spices,  in  small  amount, 
actively  increases  absorption  in  the  stomach.  If.  further,  absorption 
took  place  solely  and  alone  by  endnsmosts,  water  would  pass  over  into 
the  intestine  after  the  injection  of  alcohol;  but  this  never  occurs. 
Further,  salt  is  absorbed  in  the  intestine  from  a  solution  that  has  less 
osmotic  energy'  than  blood-plasma.  Moreover,  Briegcr  observed,  after 
the  injection  of  irom  0,5  to  1  per  cent,  solutions  of  metallic  salts  into 
ligated  loops  of  the  intestine,  that  transudation  of  water  into  the  bowel 
failcil  to  take  place;  although  this  occurred  when  injections  of  20  per 
cent,  solutions  were  made, 

Absorption  of  thf  SniaUcst  GranuU's.^Tlw  largest  amoimt  of  the 
neutral  fats  and  at  the  same  time  also  of  the  fatty  acids  is  absorbed  in 
the  form  of  a  millcy  emulsion  prepared  by  the  bile  and  by  the  pancreatic 
jtiiee  and  composed  of  minute  granules.  The  individual  fat-granules 
appear  to  be  surrounded  by  a  delicate  albuminous  membrane,  the  hap- 
togenic  membrane,  whicli  is  derived  in  part  from  the  pancreatic  juice. 
In  the  absorption  of  fat -emulsions,  the  villi  of  the  small  intestine  par- 
ticipate primarily  and  in  greatest  degree;  but  the  epithelial  cells  of  the 
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Stomach  also,  as  well  as  those  of  the  large  intestine,  take  part  in  this 
process.  In  the  villi  the  fat-granules  are  seen;  (i)  Within  the  epithe-, 
iial  cells,  the  protoplaiini  of  which  is  dotted  with  thein.  The  nucleus ' 
remains  free  from  them,  j'et  it  is  so  beset  by  the  innumerable  fat-granules 
as  to  escape  observation,  (a)  Within  the  tissue  of  the  villus  itself,  the 
granules  traverse  in  large  numbers  the  intercommunicating  course  of  the 
spaces  in  the  reticular  tissue.  Not  rarely,  when  absorbed  in  smaller 
amount,  the  granules  arrange  thL-mselves  in  connected  reticular  paths. 
At  times  they  appear  to  be  collected  in  undivided,  band-like  lines;  at 
other  times,  the  entire  parenchyma  of  the  villus  is  completely  ftlled  with 
innumerable  granules.  (^1  At  a  later  period  the  central  lymph-vessel 
in  the  axis  of  the  villus  appears  filled  with  fat -granules. 

The  amount  of  fat  in  the  chyle  varies  in  the  dog.  after  ecncrobs 
feeding  of  fat,  from  8  to  lo  per  cent.  The  fat  dis.ippears  from  the 
blood  within  thirty  hours,  if  chyle,  rich  in  fat,  is  mixed  with  blood 
(even  if  lake-colored),  and  is  agitated  with  air,  the  amoimt  of  fat  in 
the  mixture  diminishes  as  a  result  of  the  action  uf  a  lipolytic  substance 
present  in  the  blood,  in  consequence  of  which  a  body,  insoluble  in  ether, 
is  formed. 

The  fat-Rrnnul»  are  taken  up  out  of  the  Wood  by  the  \-ariotM  tissuei,  partieu* 
larlv  by  Ihc  liviT.  and  m  STttallPst  measure  liy  the  mtiscles.  The  consumption 
of  fat  in  the  tissues  licgins  with  a  dix-ision  into  glycerin  and  fatty  acids,  which  is 
followed  by  the  final  combuauon. 

With    regard  to  the  forces  that  effect  absorption  of    the  fat-gran- 
ules, it  appeared  conceivable  from  nb-servations  made  by  v.  >S'i.'iting-- 
hausen  that  moistening  of  the  porous  membranes  with  biJc  is  capablsj 
of  facilitating  the  passage  of  fat-granules;  but  this  does  not  adeqaatel) 
explain  the  abundant  and  rapid  absorption,     it  appears  most  probabwl 
that  the  protoplasm  of  the  epithelial  cells  of  the  alimentary  tract  seizes] 
the  fal-granules  by  an  independent  movement,  and  then  actively  draws 
them  within  itself.     The  protrusion  of  delicate  protoplasmic  filaments 
from    the    cell-body  would    take    place  to    a  manner  similar  to  rliat 
in  which  the  absorption  and  the  inclusion  of  granular  articles  of  food' 
takes  place  in  the  lower  organisms,  the  amcclKC.     Absorption  is  possiblft 
on  the  part  of  the  goblet-cells  also,  because  the  entrance  to  the  cell 
remains  open.    The  protoplasm  of  the  epithelial  cells  communicat«a  '< 
directly  with  the  protoplasmic  lymphoid  cells  present  in  large  number' 
within  the  reticulum  of  the  villus.     Thus,  the  granules  may  be  conveye<l 
to  these  cells  and  finally  from  them,  through  the  stomata  between  the 
endothelial  cells,  into  the  central  lymph-vessel  of  the  villus. 

The  process  of  the  absorption  of  ^anules — and  perhaps  the  same  is  in 
part  true  of  protcids — is  thus  established  as  a  wholly  active,  vital  one. 
This  view  receives  adequate  support  from  the  investigations  of  BruclM 
and  of  V.  Thanhoffcr  and  others,  as  well  as  the  observation  of  GrCinhagen 
that  the  absorption  of  fat-granules  in  frogs  takes  place  most  rapidly  at 
a  temperature  at  which  the  motile  phenomena  of  the  protnpla.sm  are 
most  active.  In  fact,  the  conception  of  a  simple  physical  filtration  of 
the  granules  into  the  tissue  of  the  villus  is  scarcely  any  longer  permissible. 
This  ifi  to  be  concluded  also  from  the  fact  that  the  number  of  fat -granules 
present  in  the  chyle  is  independent  of  the  amount  of  water  present  ia 
it.  If  absorption  took  place  essentially  through  filtration,  the  constancy 
of  a  direct  rvlatioti  between  the  amount  of  fat  and  the  amount  of  water 
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present  would  at  least  be  highly  probable.  The  fatty  acids,  in  their 
passage  through  the  intestinal  wall,  arc  retransformed  with  fixation  of 
glycerin  into  neutral  fais.    They  pass,  in  part,  through  the  blood-vessels. 

The  intcrtine  of  distomuni  hcpaticum  may  be  conMdcrcd  as  a  truly  claMJcal 
objoct-Iosson  (or  B  itudy  of  the  cfflls  of  Ihc  int^-stinc  in  Ihcir  functionnl  activity 
and  of  iJi«  manni^r  in  which  they  itccompli^h  th(>  Absorption  of  solid  substances 
by  means  of  their  pseud opod- lite  pnx*asejt.  Sonimei'  has  admirably  depicted 
tbe  conditions,  iinil  thi-  .'minor  cinvinced  himself  uf  tliv  accunivy  of  the  rcprcten- 
tation  by  personal  ohaervalion  of  the  prrpanitions.  MctschnikofI  tinted  timilar 
coa<litions  in  celcnicratcs.  Du  Plcssis  in  mrbctUria.  Greenwood  in  earth-worms. 

If  c.tnniiic  or  India-ink  ia  mixed  with  the  fomj  of  rabbits,  a  deposition  of 
cither  Kramil.-ir  pigment  tjikcs  pliicr  in  fVycr's  piil<:hi-s  and  in  the  hinjih-tclls. 

Pathological.  —In  the  presence  of  severe  intestinal  disease,  injur>'  to  nnd  al- 
teratton  in  the  epithelial  cells  of  lb«  intfr«tin«  appear  to  be  caused  by  a  poison 
elaborated  in  the  hon-el,  as,  for  exatnple,  in  cases  of  cholera  and  cholera  infantum. 

INFLUENCE  OF  THE  NERVOUS  SYSTEM. 

Little  is  known  with  certainty  concerning  the  infiucnrc  of  the  nervous 
system  upon  the  processes  of  absorption  in  the  intestinal  tract.  After 
cUvision  of  the  mesenteric  nerve-filaments,  the  intestinal  contents  be- 
come abundant  and  watery.  This  may  be  due.  in  part,  to  deficient 
absorption,  as  well  a.<i  to  an  increased,  paralytic  secretion  of  the  intestinal 
juice,  although  it  is  as  yet  impossible  to  determine  with  certainty  to 
what  extent  transudation  into  the  intestine  on  the  part  of  the  vessels 
participates  in  ilitB  process.  After  extirpation  of  the  sympathetic 
ganglia  of  the  abdomen,  symptoms  of  paralysis  of  the  intestine  appear, 
with  exhausting  diarrhea,  finally  terminating  fatally;  acetone  is  also 
present  in  the  urine.  Of  especial  interest  is  the  observation  of  v.  Than- 
noffer.  who  noted  the  protrusion  of  filaments  from  the  protoplasm  of 
the  epithelial  cells  of  the  small  intestine  only  when  the  medullaoblongata 
Or  the  dorsal  nerves  had  been  divided  some  time  previously. 


WOURISHMENT   BY   MEANS   OF   "NUTRITIVE   ENEMATA." 

In  those  desperate  cases  in  human  beings  in  wViich  admin isiracjon  of  food 
by  the  mouth  i:*  imp'iuilile.  c. /.,  in  the  pre.iencc  r>f  .ii«na!(iH  of  the  CAophai^us 
or  of  persistent  vomiting,  rcK^t  bas  been  had  to  the  procedure  adojitcd  by  Cora. 
Cel«ut.  namely,  rectal  .ahmeotation.  As  the  lArge  intestine  is  capable  of  scarcely 
any  digestive  activity  it  is  best  to  introduce  Huid  mntcrial  capable  of  absorption, 
which  IS  permitted  to  flow  slowly,  by  its  ou-n  weixht.  into  the  anus,  preferably 
through  a  long  tube  providtd  with  a  funnrl.  The  recipient  muMt  t-.n i!c;ivor  to 
retain  the  material  for  as  long  a  time  as  possible.  By  means  of  slow  ajid  gradual 
injection,  the  Stiid  at  tiroes  inay  even  pass  beyond  the  ilco-ceeal  valve.  Particlei 
of  pTOteid  substances,  Siituraiet'l  with  *.  solution  of  KCKliuni  chlorid.  may  even  pus 
throueh  the  small  intestine  into  the  slomarti,  vrheR'  they  may  Ijc  digested. 

Nitrogenous  substances  are  to  be  recommended  for  this  purpose:  egj^  rubbed 
up  into  an  emulsion  with  an  aqueous  solution  of  sodium  chlurid,  peptone  or  pro- 
peptone;  less  well,  milk  and  eiK-albumin  with  sodium  chlorid.  The  conuncrciot 
prejiarationii  nf  peptone  are  mAdc  by  digestion  with  pepsin,  by  vegctnhlc  ferments 
or  oy  superheated  water,  and  they  often  contain  much  propeptone.  An  adiUt 
should  receive  daily  ijo  grams,  a  cluld  $a  grams  of  meal -peptone:  Leube  ad- 
vises rnnn  50  to  80  grams  disi'iived  in  350  cu.  cm.  of  water.  In  addititin,  as  a 
stimulant  and  ax  food-spaFcr.  tea  nSth  wine  may  be  given.  Leube  introduces 
into  the  rectum  a  pasty  mixture  consisting  of  150  grams  of  meat  with  50  grams 
of  reddened  pancreatic  tissue  and  100  ^ams  of  water,  and  iL  is  TicHcvcii  that 
protcids  arc  peptonized  and  absorbed  here-  In  udditivn,  as  much  as  50  sroou 
of  gnpc-sugar  oiseolvcd  so  as  to  make  300  cu.  cm. .  or  starch-paste  and  dilute  lake- 
eolond  blood  mav  be  einplo>-ed:  also  fat-emulsions  (not  more  than  to  grams  of 
fat  daily) ;  mixed 'with  pancreatic  paste,  as  much  as  50  Rraras  of  fat  con  be  gtven. 
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Whether  thin  soap->solutir>tu  are  adviitable.  however,  has  not  as  ytt  been  deter- 
nvnrd.  This  mode  of  administtrrint;  nutfimrni  Ijv  incans  of  nutrient  cncniAlft. 
mu&t.  however,  alway*  rcinjiin  itii|jcr(i-ci ;  at  best  uiily  ont-quAitcr  uf  tlic  atnuuiit 
of  proleids  nvcfUArj'  for  the  mainicnanci'  of  ihc  mc-tabulic  cqiiilit'rium  is  aLM)rt>Cil. 


SYSTEM  OF   LACTEAL  AND  LYMPHATIC  VESSELS. 

Within  the  tissues  of  the  bodv,  and  even  in  those  without  special 
blood-vessels  (cornea)  or  with  but  3  poor  supply,  there  is  present  a 
system  of  vessels  conveying  fluid .  and  within  which  the  movement  is  only 
centripetal.  These  vest^U  begin  within  the  parenchyma  of  the  organs 
in  widely  different  ways,  and  unite  in  their  course  to  form  delicate, 
then  thicker  tubes,  which  empty  into  two  trunks  of  considerable  size 
at  the  junction  of  the  common  jugular  and  subclavian  veins:  the  tho- 
racic duct  on  the  left  side,  the  lymphatic  trunk  on  the  right. 

The  importance  oi  the  lymph  and  of  its  movement  in  the  various 
organs  is  apparent  in  difTerent  ways  at  different  points,  (i)  In  .lome 
tissues  the  lymphatics  represent  the  nutrient  channels  through  which 
the  nutrient  fluid  given  off  by  adjacent  blood-vessels  is  distributed,  as 
in  the  cornea  particularly  and  often  within  the  connective  tissues, 
(a)  In  some  tissues,  as  in  the  glands,  for  example  the  saHvary  glands 
and  the  testicles,  the  lymph-spaces  constitute  the  chief  reser\'oirs  (or 
fluid,  from  which,  at  the  time  of  secretion,  the  cellular  elements  derive 
their  necessar>'  fluid,  d)  In  addition,  the  lymphatic  vessels  everywhere 
have  the  task  of  collecting  the  lluid  with  which  the  tissues  are  saturated 
and  of  conveying  it  back  again  to  the  blood.  If  the  network  of  capillary 
blood-\-esselK  be  regarded,  fmm  this  standpoint,  as  an  irrigatmn -system, 
which  supplies  the  tissues  with  nutrient  fluid ,  the  lymphatic  system  can 
be  considered  as  a  drainage-mechanism,  which,  in  turn,  conducts  away 
the  excess  of  the  transuded  fluids.  Metabolic  products  from  the  tissues, 
the  products  of  retrogressive  mctamon''"^^"''  are  added  to  this  return- 
current.  The  K-mph-channels  are  thus,  at  the  same  lime,  absorbent 
vessels:  substances  that  would  otlicrwisc  be  carried  to  the  parenchjina 
of  the  tissues  are  thus  also  absort^ed  by  the  lymphatic  system. 

A  consideration  of  these  circum-itances  shows  that  the  system  of  the 
lymph-channels  represents  in  reality  an  appendix  to  the  blood- vascular 
system;  therefore,  further,  the  lymphatic  system  cannot  be  active  at  all 
if  the  circulation  of  blood  is  totally  interrupted;  it  operates  only  as  a 
part  of  the  whole  and  with  the  whole. 

If  the  lactcals  are  contrasted  with  the  true  l>-mph-vess^,  this  is 
•  done  chiefly  for  anatomical  reason.t.  because  the  important  and  con- 
siderable paths  of  the  former,  which  are  derived  from  the  entire  intes- 
tinal tract,  have  especially  attracted  the  attention  of  investigators  since 
antiquity  and  are  to  a  certain  extent  an  almost  independent  divifcioo 
of  the  lymphatic  system,  with  conspicuous  alaorptivc  activity.  In  addi- 
tion their  contents,  of  white  color  from  the  generous  admixture  of  fat- 
granules,  as  chyle  or  lacteal  fluid,  appeared  at  tirst  sight  to  b«  essen- 
tially distinct  from  the  clear  and  watery  fluid  of  the  true  lymphatics. 
From  the  physiological  standpoint,  however,  the  Incteals  cannot  I*  given 
an  independent  position.  They  are,  functionally  and  structurally,  lym- 
phatics, and  their  contents  are  true  lymph,  mixed  w-ith  a  large  amount 
of  absorbed  materials. 
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ORIGIN  OF  THE  LYMPH-CHAN  WE  LS.     LYMPHATICS. 

Development  by  Meuu  of  S«crctocy  Spscca.  Wiihin  ilic  supportinj;  sub- 
stances icwnn^-Ctivc  lissuc.  b^mt-i  numi-rcuf.  i(ar-shapcd  or  polymorph  wis  spAC«s 
arc  foiiiiil  lh»t  are  conncctci!  witli  one  nroiinT  by  tncana  of  dHicnlo  tunular 
proc<;«i<i.  This  eystem  oi  communicating  apucea  contain*  the  cellular  elements 
of  thv  tiBKUL'ii  The  celU.  however,  by  sn  mcunK  i-ompletcly  fill  the  spaces. 
as   interval  often   existini;  brtwnrn   the   cvll-body  and   tb«  wall  of  the  space, 


^: 


11 


III 


FlO'  ijo. — Drisin  of  thr  l.rinfdi  chnnnch:  f.  troai  ibc  tcairil  itailimi  «l  itie  rablid  ftunl'dUsrantmkttc);''!. 
■KMnrj  [poia.  ointniuBiiat inc  wllh  ihi  hmphniic  B<  i,  I.  cnmai Mlumrnt  ol  Uw  iTRiFnlic  btm  Ibr 
coolluetKc  ul  Kvidur)  tprna.    11.  mrixKulBt  lymiJulio.    III.  t)iu|Ji  nuRiaU- 


and  A-arving  in  sise.  in  nccordance  with  the  stale  or  motility  of  the  protoplacmic 
cells.  'Tbeslr  miaccs  arc  the  Brv.cal!<-d  wrrrtory  sjiacrs.  or  sorn^lory  canals,  and 
they  rcprrecnt  ihc  comnicticcmcnt  of  the  Ivmphaiics.  Aa  adjarcnt  snatcs  inccr- 
cotnmunic&lc.  the  propulsion  of  the  lympti  is  provided  (or.  The  culls  lying;  in 
the  secri-ior>-  .sjiaccs  are  capable  of  nineboid  mo^-eircnt,  Tn  pan  they  remain 
permonvntly  in  tbcir  spacca  (fixed  connective- tissue  ccIIb.  bone -corpuscles] ;  in 
part  they  ar«  capable  of  cngag^ing  in  active  migration  thrcntgh  the  trcrctory  canal- 
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■jrrtem  (wandchng-cclls) .  At  xrauer  or  lesner  dutanccs.  these  tecretory  cictu 
art  cf^nected  vrith  minute  tubular  l>inpluitic».  which  are  designated  lymph- 
capillaries  (Fiji:,  tjo.  1,  h).  Their  commencement  tvEultfi  from  the  more  intuiut* 
spproximslicn  of  secretory  spxcos  (I.  a'», 

The  lymph-capillaries,  cencrally  exceeding  th«  capillar)*  blood-ve«(«]s  in 
ciiliber,  lie  pnncipaU)'  in  the  space  midway  hetn't-en  the  arched  toope  of  the  blood- 
cspillaiies  (B).  They  are  composed  of  (telicale  nucleated  endoUielial  cells  (e), 
vhosa  characteristic  sinuous  edges  can  be  siained  black  by  meanB  of  a  solution 
of  silver  nitrate.  Between  the  endoihelial  celln  tcattered  cpaces.  Ktomata,  arc 
prcseot.  The  endothelial  cells  constituiinK  the  wall  are  often  unites)  b)"  bridgea 
of  protoplasm  According  to  Kolossow,  the  cells  may  recede  from  one  another 
at  their  edgca.  and  tlius  form  spaee:i  Wiwcen  ihem,  while  the  cormectioe  banda 
of  protoplasm  are  cupuble,  subsequently,  uf  druwing  them  together  again.  Thus. 
the  stomata  would  develop  temporarily  and  again  close. 

It  is  to  be  inferred  that  the  blood-vessel  system  cominiinicates  with 
the  lymph-spaces;  that  the  blood-plasma  6nds  its  way  into  the  lymph- 
spaces  from  the  thin-walled  blood <.ipil!arie3  through  their  stomata. 
In  the  Kinph-spaces  tliis  fluid  maintains  the  nutrition  of  the  tissues, 
inasmuch  as  the  necessary  constituents  are  taken  up  independently 
by  the  tissues.  The  materials  consumed  are  returned  to  the  lymph- 
spaces  and  later  reach  the  lymph-capiUarics,  which  finally  deliver  them 
to  the  venous  s>'&tem. 

To  what  extent  tlic  cellular  elements  within  the  lymph-spaces  exert  any 
action  upon  the  discharKe  of  blood-plasma  and  later  upon  its  propuUion  into 
the  lymphatici  can  only  be  surmised.  It  can  be  conceived  that,  tnrouxh  con- 
traction and  diminution  in  sixc  of  tbeir  eell-bodiei.  as  wdl  as  through  partial  change 
in  pontion  from  ihe  group  of  secretory  spaoec  closer  to  the  blood-vessel  to  that 
directed  toward  the  lymph -caplllaiy,  they  inigfil  exert  suction  upon  the  blood- 
plasma  transuded.  If  the  cells,  themsolves.  then  tuLr-  up  the  cransnded  fluid, 
the  conception  is  permissible,  further,  that  by  subsequent  contraction  they  ex* 
press  this  fluid  in  a  certain  direction,  namely  from  secretory  space  to  secretoty 
space,  toward  the  lymph-capillaries.  In  consequence  of  the  independent  migrm* 
tion  of  the  cellular  elements  through  the  secretory  spa>ccs  into  the  lareer  h*mph- 
patbs.  small  panicles  that  may  be  contained  in  the  secretory  spaces  (as.  for  ex- 
ample, pigment- granules  that  have  been  rubbed  into  the  tissue  of  the  irritated, 
bOTnysIan  in  the  process  o(  tattooing,  and  alno  minute  fat-granules,  bacteria  and 
the  uke),  and  wbtch  the  lymph-cells  are  capable  of  taking  up  through  ameboid 
movement,  may  be  pro]>elled  coward. 

After  what  has  been  said  concerning  the  migration  of  Icultocytes 
from  the  blood-stream  through  the  stomata  between  the  endotheUal 
cells  of  the  capillaries,  or  through  the  walls  of  smaller  vessels,  the  tnigra- 
tion  of  ceUular  elements  from  the  blood-vessel  system  into  the  com- 
mencement of  the  lymph -channels  may  be  regarded  as  a  normal  process. 
Granular  pigments  pass  from  the  blood  into  the  protoplasmic  bodies  of 
the  cells  in  the  lymph-spaces.  Only  when  the  granular  substance  is 
present  in  large  amount  is  it  distributed  into  the  ramifications  of  the 
lymph-spaces  as  a  granul.ir  injection. 

The  origin  of  the  laeteab  within  the  villi  has  been  outlined  in  tbeir  deserip* 
tioa  as  organs  oi  ftht'irption. 

Cemmincement  of  the  Ljmiphatlcs  in  tbs  Form  of  Perivascular  Spaces.— In 
the  tiSBUe  of  bonv  tubstance.  of  the  central  nervous  system  and  of  the  liver, 
the  smallest  Wooii-veweU  are  surrounded  by  wider  lymph- vessels,  so  that  the 
blood-vessels  lie  in  the  l>'mph-vc»«els  like  a  linger  m  a  glove.  In  Uic  bram  these 
tymph-vcsscls  are  in  part  constituted  of  delicate  connective -tissue  tibrUs.  which. 
partly  travcrsitiK  the  lumen  of  the  Ivmph-canal,  are  supported  upon  the  sur- 
face of  the  blood-vessel.  Fijf.  i  jo  11,  B  reprcscnM  in  tnmsverse  section  a  small 
blood-vcwel  (B),  with  a  perivosctilar  lymph-vessel,  from  the  brain:  p  is  the  tra- 
versed lumen  of  the  lymph-vc«sel.  In  addition  to  these  so-caUed  perivascular 
■paces  of  His.  the  cerebral  vessels  are  provided  also  with  lymph-spaces  within 
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tbc  adTmtitia  (Virchcnr-Rohia  spaces),  to  part  cbcae  possess  a  wdl-dcvcloped 
endoifaelium.  In  tlicir  (tinker  countc,  where  the  veewlo  incntuc  in  calil>er,  the 
bhrad-vesKcl  penetrates  the  wall  of  the  l^nnph-veiscl  at  cok  xpot,  and  both  continue  \ 
eepartttely  side  by  side.  Wherever  the  Ivmph -vessels  serve  as  perivascular' 
BbeaUu.  th«  passage  of  b)ocd-pla«ma  and  lyrHph-c«ll»  into  lh«  lymph-stream  is 
greail}'  facilitated.  It  should  be  especially  mentioned  that,  in  tortoises,  even 
tbe  lu^er  vessels  are  often  covered  oy  the  lymph -vcissels  as  a  sheath.  In  Kij. 
130,  II.  A.  the  bifurcation  of  the  aorta,  with  the  pcriva«cular  lymph- vessels,  is 
•hown  accordinfE  to  Ccgcabaur.  The  animals  referred  10  cxliibit  miicrciscopically 
the  same  relattons  that  warm-blooded  luiimal.t  present  micrcKico|iicalIy.  and 
thus  the  illustration  may  !<rrvG  also  as  the  microscopical  picture  of  small  peri- 
vascular lymph-vessels  in  n-arm -blooded  animals. 

CommVocetncnt   In  th*  Fonn  of  Interalitiat  Spacae  Within  tba  Visc«n. — In 
the  tcsliflfi  'l*-i-  ty;iiphtttics  ct'inmL'nct  simply  in  the  (cnn  uf  numerous  spaces, 
which  occur  bttwrtn  the  multif-ariouK  coiU  and  con^'Olutions  of  the  seminiteroua 
tubules     Thcv  will,  therefore,  here  present  the  form  of  spaces  Itoundcd  by  ths' 
arched,  evlindjical  surfaces  of  the  lubulea.     The  limiting  surfaces  are,  however.! 
lined   with  endothelium.     The   l)*mpbati<.-s   acquire   independent   tubtdar  wallt  ^ 
only  be>'ond  the  parenchyma  of  the  icslicle.     Similar  conditions  are  found  in 
the  kidneys.     In  many  other  glands  ihc  elandular  substance  is  likewise  sur- 
rounded by  lymph-spaces.     Into  these  the  blood -vessels  tirst  pour  lymph,  from 
wlucb  the  secretuiK  ctlla  n:niove  the  material  for  the  formation  of  the  c'^^^^^ar 
secretion,  as.  for  example,  the  saiivarv  glands 

Coramencemest  by  Msans  of  FrM  Stomata  upon  th*  WalU  of  th4  Larger 
S«rou9  Cavities  (Fig  ijo.  III).  From  the  investigations  of  v.  RecklinghauBen , 
C.  Lud*ii;,  Dybkowfiky.  SchweiggurSeydel.  Dogiel  and  others,  it  has  been  found 
that  the  old  view  of  Mawagni.  that  the  leixius  cavities  communicate  freely  nith 
the  lyrnphotics,  is  correct.  Upon  examining  serous  membranes  (most  readily 
the  peritoneal  lining;  of  the  lartjc  lymph-cavity  in  the  frog),  best  after  moistening 
them  with  (u-Keniic  nitrate,  folinwed  by  exposure  to  the  action  of  light,  disseminateoT 
rdativcly  Large,  free  openings  of  the  slomata  arc  found  lying  between  tbc  eodo- ■ 
thclial  cclla.  Groups  of  the  latter  Include  a  stoma  among  tbem,  A  poitioaii 
of  motile  protoplasm  lies  in  the  cells  surrounding  the  stoma,  close  to  the  edge  1 
of  the  opening.  Upon  the  state  of  contraction  of  this  protoplaam  appears  to 
depend  the  fact  whether  the  stomata  are  widely  open  (a) ,  half  closed  (b) ,  or  com- 
pletely closed  (c).  These  stomata  are  thus  the  net^innincs  of  the  lymph-capil- 
laries. Fluids,  introduced  into  th&  ecroue  cavities,  therviurc  readily  reach  the 
path  of  the  lymphatics.  The  cavities  of  the  peritoneum,  the  pleurae,  the  peri- 
cardium, and  the  serous  covering  of  ;hc  testicle,  further  the  aractmotd  space,  the 
chambers  of  the  eye.  and  the  labynnlh  of  the  eiir  have  shunn  themselves  to  be 
true  lymphatic  cavities ;  the  fluid  in  them  is  thus  to  be  designated  Ivmph.  Fluids 
in  the  peritoneal  cavity  arc  absoibcd,  in  port,  also  by  the  veins.  Tbc  endothelial 
cells  01  the  serous  membranes  are  capau*  of  movement  and  Gommunioate  witll 
one  another  by  means  ol  connecting  bridges  of  protoplasm.  In  the  animal  king- 
dom the  free  surfiicea  of  the  celln  are  frequentlv  providi-il  with  cilia. 

Even  upon  the  frci.-  surface  of  a  number  ot  mucous  menibrancs.  it  is  stated, 
optn  pores  have  been  obserx'ed  as  the  commencement  of  the  lymphatics:  in  the 
bronchi,  in  the  nasal  mucous  membrane  and  in  the  larj'nx. 

The  larger  lymphatics  arising  from  the  lymph -capillaries  closely  resemble 
veins  of  equal  ^ic  in  the  structure  of  their  waits.  Especial  sircss  is  to  be  laid 
upon  the  prcaence  of  a  Urge  number  of  valves,  which  are  placed  so  closely  behind 
one  another  that  the  distended  l>-mphatic  is  not  unlike  a  string  o(  pearu. 


THE  LYMPH-GLANDS. 

The  so-called  lymph-glands  are  peculiar  to  the  lymphatic  apparatus.  They 
are  inapnropruitcly  designated  glantut.  because  they  really  represent  only  many- 
branched,  lacunar.  UbvTinthine  spacr-«.  constituted  of  adenCHd  tissue,  interposed 
in  the  course  of  the  lymphatics.  Simple  and  compound  lymph-glands  can  L<e 
distinguiahed. 

,TDe  ^mple  lymph-glaods,  more  correctly  designated  simple  lymph-follicles 
or  culanroua  follicles,  arc  present  cither  isolated  (sditary  follicle),  as  in  the  intes- 
tine, the  bronchi,  the  spleen:  or  collected  in  maasca  (conglobate  foUicla),  as  ia 
the  tonsil,  Peyer's  patches,  the  folhcks  of  the  tongue.  The\-  are  small,  spherical 
vesicles,  attaining  approximately  the  size  of  a  pin's  liead,  and'lhey  eonsint  through- 
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oat  of  delicate  elements  of  ifac  rtticuIaT  conncciive  tiaae  intcnmxrd  n-ith  cUstic 
fibnls  ttad  amogcd  in  a  network  (Fig.  131.  C).  In  tlic  meehea  of  ttib  ocfn-ork. 
ty^npb  and  Ivmph-cclls  »xt  preseni  in  abunilxnce.  Upon  the  surface  tbt  tuvue 
h*coiae*  tonden«e<l  mto  a  comeirhAt  tatm  inilependent.  coa«picuou«  sheath,  -ahich, 
however,  is  vanotuty  travened  by  small  spong)*  spaces  in  the  irticular  ticsue. 
Small  lymphatics  advance  everj-wbere  directly  xtp  to  these  lymph- follicles,  often 
IcMping  coiuiderable  iireas  of  their  surface  covmd  with  a  'hcu  network.  Fre- 
quently. aUo.  the  surface  of  the  follick!  is  tncocporate^  Into  the  wall  at  Uie  vcMel. 
at  timra  throughont  a  Blight,  at  other  times  thrrmghout  a  considerable,  extent. 
BO  that  the  surface  of  die  follicle  is  dirccilv  irrigated  bv  the  hmph  of  ibc  Tcssel, 
and,  if  no  direct  canal-orittce  <A  ctnibidrralilc  size  tcacTs  frarn  the  lamca  of  the 
Ivnpbatic  into  the  intcnor  of  the  tphcrical  fotlicli.-.  a  communication  mu»t,  r>e\'er- 
tBele»,  be  asmm«<)  to  exist  bctncm  the-  cinat]  lymphatic  and  the  lymph -follicle, 
and  thic  is  adequately  provided  hy  the  innumerable  spaces  bct«rcen  the  fol- 
licle* Thus,  the  h-mph-ftJlicI*  is  a  true  lymphatic  wructure.  whose  fluid  and 
Iviniih-celhi  can  pai^s  uvrr  into  the  draim  nf  the  adjacent  lyninhatic«.  The 
nllicles  are  provided,  upon  their  surfacfft.  niih  o  network  of  Dlood-x-essels, 
which  also  send  numerous  delicate  ramit:caiions  xnd  capillaries  throagti  the 
interior  of  the  ffilliirle  <.-\l.  v\-tthi»  which  llity  art  supjioried  by  the  reticulum  fB). 
It  is  to  be  infcrrrd  that  Icukootrs  can  p.vis  frvim  these  capillaries  into  the  futHde. 

It  sbottkl  be  mentioned  as  o[  -special  importance  in  connection  with. 
these  follicles  that,  in  the  l)'mpli-gland$.  the  solitary  as  well  as  the 
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vtife  rotnitaai  an*  dMik. 


conglobate  glands,  an  enormous  -migration  of  the  leukocytes  nonnally 
takes    ^ace    uninterruptedly  during  life  through  the  epithelium  be- 
tween the   cells.     The  leukocytes  insinuate   thcmseh-cs    bcf^een   th^^: 
epithelial  celts,  but,  by  their  enormous  migration,  as  wdl  as  by  tVv^ 
divisions  that  take  place  during  this  process,  they  impair  the  functio-^^ 
of  the  epithelium  and  may  even  destroy  it.    Thus,  in  a  measure,  ph\*sw=^_^ 
logical  injuries  re.'nill.  which  prepare  the  way  for  invading  microftr^; 
isms.    The  cells  that  have  thus  migrated  later  imdergo  disintegratvoiv. 

The  compound   lymph-flasdi   pttcorrectly  deei^ated  h-mpb-glauyj^ 
lent  to  a  certain  extent  an  ■SS^^K'*^'^  °'  lymph- follicles  of  altered  »k%^^ 
d  cxiemally  bj-  a  connectire-tisnie  capa'^W^^Vi: 


lymph-xUnd  is  surrounded  cxiemally  bj-  a  connectire-tisnie  cap»»^SJ]L  1^^ 

py  outncroas  nnstriaed  musclc-bbcrs.  and  from  whose  inner  siirla^^*"    ->« 

aepia  and  bands  (Fig.  ij*.  a  a)  penetrate  into  the  interior  of  the  body 

and  divide  it  into  a  liUxc  number  of  small  comparuneats.     The     ^  ^^c^ 

witlun  the  conical  cubttaacc  of  tlic  gland  a  rather  rounded   Kb^  '^.^^.^^^ 

iDttMOiedullK.  arath«rk»lC)tadinaltausaKe-sha{«d  form  (nti-dullnry  ••    <i^  aS^fi^^^^ 

however,  are  of  the  same  s»jjtti6eaj»"  ■*"''  *i'  »"  j-nr^r-iTTA  y.v  t-fr     -^  _  •^'^^^ 

onAcec      Thus,  a  nch  netirocic  el  -■ 

within  the  lymph-gland  hy 
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ft  ihi-  t'l't ii'tihnu.  iin-  I'ai'rifil  I'liwiinl  liy  thi-  lyniph-st ri'am,  so  that,  after  flowing 
llin<ii>:li  Till'  i;l;iii.ls,  rlu'  lvni]'li  is  i-U'luT  in  ivlls.  The  lymph -cells  lying  in  the 
raiivti'  I'l  ihi-  i.-llii'iilar  I'.in.ls  may  a^ain  inii;rato  thri'ii^h  ilie  iiarrmv  nit;shL'S  of  the 
n-tiiulimi  ^'|^  iiilo  tin-  lymph-palhs,  to  make  ';:ood  the  Kisii.  The  formation  of 
the  Is  m]'li  ivl'.s  in  till-  iiilliiitiar  I'anils  eithtT  takes  place  li-cailv  hv  division,  or 
new  i-ills  iii!f;iM;e  iwm  tlie  e.ij'ilKirv  bkn'(l-vessels  into  the  'I'liHicular  bands. 
l'ur!lu-i-  I'll,  tl'.e  imiseiil.ir  aeiiviiy  of  ilie  eapsiile  and  oi'  tli<-  trabecula;  should 
ni'l  I'l-  in;.li!Vstnv..iuJ  in  the  nii'vement  •.•i  the  lynirh  tlir^ush  the  plaiidj:.  Such 
niii>.'ii!.if  eiTlv.ii'iiini  will  express  the  ):l,inil  lil;e  a  .sponge.  The  direction 
of  the  liiiul  [hus  i!i>ih,iri;e.l  is  j;overiiL-.l  \-\  llie  ]'resence  oi  valves  within  the 
ve'L,i',.\l   1\  iiipl;,t;!es. 

Oi  i\w  .■!iei::;e.i',  sv.bst .iivo^  in  the  lyiv.phj; lands,  :n  ai3.1;:ion  to  thosi-  of  the 
hnipli.  le-.K'.i;  a;;.!  the  N.i'.;'.h'.!'-','.''ilie>  are  iii'rthy  of  iv.Liitii'':''.. 

PROPERTIES  OF  THE  CHYLE  AND  THE   LYMPH. 

Iv'tV.  .•'.'.v'.o  ,i:;i:  lyt'-pi;  aro  Oi'lorloss,  ,ilbu:r.::'.L»'.'.s.  cle-'.r  tluiiis.  c^ntain- 
it's;  ^-::::':--vv;:s  T::o  :,L:;«;r  are  '\:\  Tt: .\'.':-,y  :5:e  >.i::^e  e;e::-e:::?  that  enter 
iV.o  ^-.vv',:"..!".:.':'  w  ::;-,  -.'■.o  Iy:::i'V.-sirtM":.  ^l:■..■.  wi::-.;:;  :;;e  !i^r:r.er  are  liesiy- 
n.i'.o.l  wV,'.:o  ';!o.',:  ..vT'.'v.s^'os.  TV.o  Siiirr^e  ■'•  :;-,e  ly-v.h-cel'.s  !>  .jis- 
v",'.ssi\:  o::  y  i'c-  A*.  ::■.  r.\w  ^Visos.  :?,''.. i:i.\:  rei  '  a  ■.■■■.;.^  ^— *.:>c;e?  also 
I'.isSv",::  :':-.r.'i;i;::  :'-,o\\,i'.!s  i>;  •.-■.c  vessels  ,ir.v:  ::::.■•  :r.ec.-':":"e::ce::-.er.:  o;'t;-e 
'v:!':V.  \csm.''s  ,;>;..■."..  tVe  vrosor.iO  ■  t  oryt'-.r  ^ytes  in  ;';:e  1™.-./.,  r-^irely 
t"  '  .'.e  i'i"\  .0.  ".s  "v.i,;". .\'  i'\'.'..it"i.v..  A.i'ii  ;.-,'. ■■'.-J  ."■"■.:>!,■. I?:?  i.i"  i.s '■  'ass 
^'^e■."  :".\"."  ; 'o  vi'.vs  -.v,:,'  :":a'  L^rv-i".  e.\:rt'"'.:::ts  .:  t.'.o  l.ir^e  Iy;-:i;:- 
:v;::-Vs  \\!v"  '.':c  ■.  n i^i-v.rc  ■.'.:  :!;e  vc-"s  is  ;:;l:'v  I.y::;;  h  a"i  :\v.'.e  c>n- 
;,-.■.:'.  ,■.'^.■  :"."  •  i .■.■...':•:  j;r,i.;',;;,es.  .•-.:.:  !r.ii;v".t':'.;s  .     .",'.s;::-e^7.i*c-.i  .fu.-i;  jvtes: 
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PROPERTIES    OP   TRB   CHYLE    AND   THE   LYMPH. 


The  chyle  bom  the  body  of  an  executed  person  contained,  together  wii 
90.5  per  cent,  of  water: 


{fibrin a  trace 
proteid 7.1 
fats 0,9 


Extractives i.o 

Salts 0.4 


Carl  Schmidt  found  the  following  inorganic  constituents  in  1000  parts  of  chyle 
from  a  horse; 

Sodium  chlorid 5.84     Sulphuric  acid 0.05     Magnesium  phosphate  0.05 

Sodium t.17     Phosphoric  add. . .  .0.05     Iron a  trace 

Potassium 0.13     Calcium  phosphate. 0.90 

The  lymph,  at  the  beginnings  of  the  Ijrmphatics,  is  likewise  deficient 
in  cells,  and  clear  and  colorless.  The  fluid  from  the  serous  cavities  and 
synovial  fluid  exhibit  similar  features.  A  variation  in  the  lymph,  in 
accordance  with  the  tissues  from  which  it  is  derived,  can  with  certainty 
be  assumed,  although,  up  to  the  present  time,  this  has  not  been  estab- 
lished. After  passing  through  the  lymph-glands,  the  lymph  becomes 
richer  in  cellular  elements  and,  probably  in  consequence  of  this,  also 
richer  in  solid  constituents,  particularly  proteid  and  fat.  In  one  cu.  cm. 
of  lymph  from  a  dog,  8200  lymph-corpuscles  were  counted. 

Hensen  and  Dahnhardt  succeeded  in  collecting  for  examination  pure 
lymph  in  considerable  amount  from  a  lymphatic  fistula  on  the  thigh 
of  a  himian  being.  It  had  an  alkaline  reaction  and  a  salty  taste.  The 
relative  composition  of  pure  lymph,  cerebrospinal  fluid  and  pericardial 
fluid  is  as  follows: 


CerebrcxpulAl  Fluid. 
(Moppe-Seyler.} 

98.74 
0.03—0.06 


PericftrdiA]  Fluid - 
(t.  Gorup-Beunci.) 

9S-5> 
4.48 
0.08 
2^6 

1.36 


The  cerebrospinal  lymph  contains  a  substance 
that  reduces  Fehling  s  solution,  and  that  Naw- 
ratzki  determined  to  be  dextrose.  This,  how- 
ever, disappears  soon  after  death. 


Pure  X.7m[A. 
(Heiucn  tod  Dahnliardt.) 

Water 98,63 

Solids 1.37 

Fibrin 0.1 1 

Albumin 0.14 

Alkali -albuminate 0.09 

Extractives — 

Urea,  leucin 1.05 

Salts 0.88 

Absorbed  carbon  dioxid, 
to  70  per  cent,  by  volume, 
of  which  so  per  cent,  could 
l>e  obtained  by  extraction 
and  ao  per  'cent,  was  ob- 
tained by  addition  of  acid. 

100  parts  of  lymph-ash  contain: 

podium  chlorid. .  .  .74. 48      Calcium 0.9S      Sulphuric  acid 1.38 

•odium 10.36      Magnesia 0.27      Carbon  dioxid 8.21 

Potassium 3.36      Phosphoric  acid.  .  .  .  r.09      Iron  oxid 0.06 

Just  as  in  the  case  of  the  blood,  potassium  and  phosphoric  acid, 

f  the  inorganic  constituents,  predominate  in  the  cells;    while  in  the 

mph-serum,   sodium    preponderates,   principally   as  sodium   chlorid. 

ily  in  the  cerebrospinal  fluid  are  the  potassium-combinations  and  the 

osphates  said  to  predominate.     The  amount  of  water  in  the  lymph 

9S  and  falls  in  correspondence  with  that  in  the  blood.     Of  gases, 

j's  lymph  contains  carbon  dioxid  in  abundance  (over  40  per  cent,  by 

ume,  of  which  17  per  cent,  can  be  pumped  out  and  33  per  cent,  can 

removed  by  acids),  traces  of  oxygen  and  1.2  volumes  per  cent,  of 

ogen. 
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QUANTITATIVE  RELATIONS  OF  LYMPH  AHB  CHYLE. 

It  is  estimated  that  the  total  amount  of  lymph  and  chyle  introduced 
intd  the  ciroilation  through  the  lai^ge  lymph-trunks  in  twenty-four  hours 
equaU  the  total  volunieof  the  blood.  Of  this  one-half  will  be  contributed 
by  Uie  chyle,  the  other  half  by  the  lymph.  The  secretion  o£  h-niph  in 
the  tissues  takes  place  without  interruption.  From  a  lymphatic  fistula 
on  a  woman's  thigh,  about  6  kilograms  of  lymph  were  collected  in  twenty- 
four  hours.  In  young  horses,  the  amount  of  lymph  collected  from  the 
large  lymph-trunk  of  the  neck  in  from  one  and  one-half  to  two  hours 
measured  between  ;o  and  more  than  loo  grams.  The  following  influ- 
ences affect  the  amount  of  chyle,  as  well  as  that  of  lymph. 

The  amount  of  chyle  increases  considerably  during  digestion,  espe- 
cially if  the  quantity  of  food  taken  has  been  large,  so  that  the  vessels 
of  the  mesentery  and  the  intestine  will  at  this  time  be  constantly  found 
filled  with  white  chyle.  In  the  state  of  hunger  the  vessels  are  collapsed 
and  can  be  recognized  with  difficulty. 

The  amount  of  lymph  increases  especially  with  the  activity  of  the 
organ  from  which  it  Hows.  Thus  it  was  found  that  active  and  passive 
muscular  movements  increase  the  amount  of  lymph  considerably,  almost 
five-fold  in  the  horse.  I-esser  obtained  more  than  300  cu.  cm.  of  lymph 
in  this  manner  from  fasting  dogs,  in  consequence  of  which,  with  inspts- 
sation  of  the  btood,  the  animals  became  exhausted,  to  the  point  of  death. 

All  agencies  that  increase  the  pressure  to  which  the  parenchymatous 
fhiids  of  the  tissues  are  subjected  increase  the  amount  of  lymph  secreted, 
and  conversely.     Of  thui  the  following  observations  are  illustrative: 

(n)  An  increase  in  blood -press  11  re.  not  alone  in  the  entire  bloodvcMcl  tj-xtcfn, 
hut  also  in  Ihr  vcwwls  of  ilio  part  in  question,  cauxTE  increase  in  the  amount  o( 
lymph,  and  conversely. 

(b)  Ligation  or  compression  of  the  eSerent  veins  causes  considerable  incPMue 
in  the  amwuni  <i(  Ijinph  jjivvn  o(I  by  the  parts  in  qurslion.  even  more  than  double, 
because  Ihc  escape  of  fluid  is  conlined  to  the  lymphatic  vessels.  The  ^tplica* 
t  ion  of  tight  bundfi  iaiUao  It  cause  for  swelling  of  the  parts  to  the  periplicmlaspeci  of 
the  applicutioa,  an  copious  elTusivii  of  lymph  takes  place  into  the  tUsucs — h>'po- 
ttatic  edema. 

(e)  An  inerrAwd  Biipply  of  arterial  blood  acts  in  a  similar  manner,  but  less 
poweiiully  In  this  connection  paralysis  of  the  vaaomotor  or  irritalion  of  the  vaftft* 
dilator  filJers  iiiny  cauie  an  increase  in  llie  amount  of  l.vmpb  bv  creating  marlMd 
hy}K-n-min.  The  pmeeKs  nt  (hlntalti>n  favon  the  jinKluelicin  af  K*mpli  in  greater 
degree  than  permanent  distention  of  the  blood-vesfiels  Contraction  of  the  arterial 
paths  at  a  result  of  irritation  of  the  vasomotor  nerves  or  from  other  causes  will 
nalurally  hnve  the  opiionite  result;  Init  even  «fter  lii:;iti'un  of  twlJi  carotids,  the 
lymph-current  in  the  targe  cervical  trunk  nf  the  dog  by  no  means  ceases,  as  Cfac 
head  is  still  supplied  with  blood  in  small  amount  by  tbe  vertcbrak  arteries. 

If,  after  uiuIaienU  division  of  the  sympathetic  nerve,  the  blood-vcs»cls  of 
tbe  ear  are  dilated,  indigo-carmine,  injected  intu  the  btocid,  enters  earliest  and 
in  greater  degree  into  the  IjTnph  of  this  car;  the  latter  also  bc-comea  decolorised 
eaiTier  tfaan  the  healthy  ear.  In  this  way  the  rare  instances  of  untlatenl  or 
j>artial  icterus  are  to  be'  explained. 

An  increase  in  the  total  volume  of  blood  as  a  result  of  injection  of 
blood  or  sertun  into  the  veins  causes  increased  formation  of  lymph,  as. 
in  consequence  of  the  increased  tension  thus  induced,  blood-plasnu 
passes  over  into  the  tissues  in  large  amount.  If  w*ater  or  S  hypotonic 
salt -solution  be  infused,  water  passes  out  into  the  tissues. 

After  death  and  complete  rest  of  the  heart,  the  formation  of  lymph 
still  goes  on  for  some  little  time,  although  in  slight  degree.     If  fresh 
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blood  be  then  passed  through  the  animal's  body,  still  warm,  increased 
lymph  will  in  turn  flow  from  the  large  Ijinph -trunks,  it  thus  appears 
that  the  tissues  arc  still  capable  oE  taking  up  plasma  from  the  blood 
for  the  production  oZ  lymph  for  some  time  after  cessation  of  the  circula- 
tion. Ihis  fact  may  explain  the  circumstance  tliat  &ome  tissues,  as  for 
example,  the  connective  tissue,  appear  to  contain  more  fluid  after  death 
than  during  life,  while,  at  the  same  time,  the  blood-vessels  have  after 
death  given  up  much  of  the  plasma  frnm  their  interior. 

Under  the  influence  of  curare  an  increase  iii  the  secretion  of  lymph 
takes  place;  the  amount  of  the  solid  constituents  of  the  lymph  increasing. 
In  the  frog  large  amounts  of  lymph  collect  in  the  lymph-sacs,  and  this 
may  be  due  in  part  to  the  fact  that  the  lymph-he.irts  are  paralyzed  by 
curare.  The  production  of  lymph  is  increased  also  In  the  tissues  of 
inflamed  parts. 


ORIGCT  OF  LYMPH. 

SOURCE  OF  LYMPH-PLASMA. 

The  lymph-plasma  is,  in  part,  a  tittrate  from  the  blood-vessels,  passing 
over  into  the  tissues,  in  accordance  with  the  prevailing  blood- pressure. 
In  this  process,  the  salts  (penetrating  membranes  most  readily)  pass 
through  admixed  in  approximately  the  same  proportions  as  the  salts  in 
the  blood-plasma ;  the  fibrin- factors,  to  about  two-thirds;  the  albumin, 
about  one-hair.  As  in  the  ease  of  flitration  in  general,  the  filtration  of 
lymph  also  must  increase  with  increased  pressure. 

C.  Ludwig  and  Tom*a  wcr*  able  to  ik-moTistr»t<  this  hy  perm  it  ling  blood- 
sentRi  to  pass  through  tlif  blood -vcsw-ls  ff  an  t-xciscd  testicle  under  varying 
prtssiirc.  with  ihc  rriiult  that  the  transwrfeil  Hiiid  from  the  Jj-mph-vetfifla  waj 
increased  or  dimmialied  in  amount.  This  ariiticial  lymph  exiiitnted  a  composi- 
tion wniiil.ir  to  that  of  nalunil  Ivinph.  Th4^  nlliumin  ctintHinrd  in  the  lynipli 
aUo  incnastd  with  Jncn'asJng  pRS-surr  In  addition,  the  mctaimtic  products 
of  the  tissues,  concerning  whose  rfuatitative  and  quantitative  coinlitiiiu.*  htt!e 
is  known,  naturally  undergo  adinialuic  with  thv  lyinph -plasms  in  the  difTcricnt 

tlHUCS. 

In  part,  however,  the  formation  of  lymph  must  be  regarded  as  a 
secretory  process  of  the  cells  of  the  blood-capillaries. 

In  favor  o(  this  view  is  llie  fact  thai  inaterutls  injet-ted  111(0  the  hlood  (ku^w. 
egg-allnimin .  [wptore.  ur«a  and  sodiutn  chlorid)  paj*  in  crni  cent  rated  form  into 
the  increased  lymph  :  further,  that  ihc  blood  is  capable  of  maintaining  the 
osnioLic  toiiuon  of  itJi  pla&nia.  As  a  result  o{  this  secretory  pnnpurty  on  ilic  part  of 
the  endothelium  of  tlic  vctscU.  suhstanccs  that  would  disturb  the  isotonin  !«-iwin,-ii 
the  blood -corpuscles  and  the  blood-plaima  arcqiiickly  eliminated  from  the  blood, 
including  supcrflufms  water,  Aft«r  tlic  injcctitm  of  pcploiic,  tbo  blix'df>ri»sure 
falls  enormously,  so  that  the  passage  into  the  lymph  cannot  be  dependent  upon 
thij!  preMure.  With  tcicrea«e  m  the  lymph- current,  the  secretion  of  unne  also  ik 
laWr  increased.  The  lymph-paths  may  thus  be  ennsidciwi  as  a  reservoir  that 
temporarily  takes  up  out  of  the  blood  Uie  substances  to  be  eliminated,  whence 
they  are  then  gradually  further  consumed  or  excreted. 

According  to  Hcirienhain.  thtrc  ait  materials  that  increase  lyiTiiih-[)rodiictii.in. 
lymphagoguL-s.  which  arc  in  part  effective  by  causing  the  possagc  of  tluid  from  thv 
blood  into  the  lymphatic  radicles.  Among  such  agencies  am  injections  iuto 
tbe  blood  of  a  decoction  of  U-ech«s,  crab-muscles,  unuuels.  solution  of  nucldn, 
tul>erculin,  bacterial  exlracU,  bil<:,  physoKtigmin ,  pilocarpin  and  extract  of  helian- 
thus.  In  part  they  increase  the  amount  of  IvTHph  by  eauning  the  pas.4agc  of  water 
from  the  tissues  into  the  lymph.  In  this  category  belong  injections  into  the 
blood  of  Sugar,  urea  and  salts.     Atrupin  dimimdtes  lymph -production. 
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Muscular  octivity  causes  increased  lymph-production,  as  well  as  a 
more  rapid  escape  of  the  lymph.  The  tendons  and  fasciae  of  the  skeletal 
muscles,  which  possess  numerous  small  stomata.  abisorb  lymph  from  the 
muscular  tissue.  With  alternate  contraction  and  relaxation  of  these 
fibrous  tissues,  their  l>*mph-duct3  suck  thcivisclves  full  and  propel  the 
lymph  onward.  Even  passive  movements  are  etiective  in  this  direction. 
If  solutions  are  injected  beneath  the  fascia  lata,  they  can  be  propelled 
onward  by  passive  movements,  contraction  and  relaxation,  into  the 
thoracic  duct. 

SOURCE  OF  THE    LYMPH-CELLS. 

A  considerable  portion  of  the  I^Tiiph-celU  are  derived  from  the  lymph- 
glands,  out  of  which  the  lymph-stream  washes  them  into  the  efferent  ves- 
sel. Therefore  it  happens  that  the  lymph-stream,  after  passing  through 
the  lymph-glands,  is  always  found  richer  in  h*mph-celt5.  Within  the 
1>'mph-glands  there  are  large  and  small  lymphocytes,  the  latter  being 
the  daughter-cells  of  the  former,  and  .arising  by  mitosis.  In  addition, 
new  leukoc>'tes  are  constantly  migrating  from  the  blood -capillaries  of 
the  folKcular  bands  into  the  reticulum.  The  lymphatic  follicles  permit 
cellular  elements  to  enter  through  the  meshes  of  their  limiting  layer  into 
the  adjacent  small  Ij-mph-vesscls. 

A  second  seat  of  lymph-cell  production  is  found  in  the  organs  contain- 
ing adenoid  tissue  as  a  basis,  in  the  meshes  of  which  I)*mph-€ells  are  found 
in  lar^e  number,  such  as  the  entire  mucous  membrane  of  the  intestinal 
tract,  the  bone-niarr«w  and  the  spleen.  The  cells  reach  the  radicles  of 
the  lymph-vessels  in  these  organs  by  amelwid  movemeat. 

Just  as  the  lymph-cclIs  reach  the  circulation  through  the  laige  trunks 
and  are  there  encuimtered  as  wliitc  blood-coTpuscles,  so,  like«-ise, 
numerous  leukocytes  migrate  in  turn  from  tbe  blood-capillaries  into  the 
1)111  ph- vessels,  especially  in  their  sniall  be^nnings,  and  partly  by  active 
ameboid  movement,  partly  by  being  forced  by  filtration-pressure  exerted 
by  the  blood-column.  In  rare  cases  even  a  return  movement  of  lymph- 
cells  from  the  lymph-spaces  into  the  blood-vessels  has  been  observed. 

Also  panicica  of  cinnabar  or  nu!k-slnt>uks  introduMd  into  the  blood  ruch 
the  lymph-vessels  from  the  blood-€a[MUarie«  in  a  shon  time;  the  nerves  of  iba  i 
vssseu  having  no  influeoce  in  thia  condttioo.  la  case  of  venous  stasis,  in  hnaiogf 
with  the  processes  attmdinx  diapcdeds.  tbii  passaee  takes  place  more  freely  than 
wbcn  ihc  circulation  is  uncmbarrssKd.  Inflainm*l«y  ctuu^ea  in  the  vessel- 
wall  also  favor  the  pattsagc.  The  vcascb  of  tbc  portal  syvtcm  prove  especially 
■peraiaabU. 

New  l)-raph-c«ll5  result  also  tlirough  multiplication  by  division  of  the 
lymph-corpuscles,  and  likewise  of  the  so-called  fixed  connective- tissue 
cells,  as  has  been  demonstrated  with  certainty  especially  in  the  pres- 
ence of  inflammation  of  certain  organs.  If  irritants  which  excite  inflam- 
.  mation  are  applied  to  lljc  exciwS  cornea,  kept  in  a  moist  chamber, 
a  large  increase  in  the  wandering  cells  in  the  anastomosing  lymph- 
passages  of  the  cornea  will  be  noted ;  and  as.  in  the  inflamed  cornea,  the 
corneal  cells  permit  the  recognition  of  a  reproduction  of  their  nuclei  by 
division,  the  conclusion  is  probably  justified  that  a  di\-i8ion  of  the  corned 
corpuscles  <fixed  connective-tissue  cells)  is  responsible  for  the  increase 
in  the  wandering  cells. 

That  B  nrw-Jormat.on  oi  leukocytes  roust  t«k*  pUc«  1>J-  divi»«i.  u  wtil  ■* 
by  tlie  wlting  free  o(  divided  connect ive-tii»op  e«Ih.  is  •hown  by  their  eftett. 
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enormous  pnxluctiun  in  Ihe  presence  of  influnmatioiiit  (p  us- format  ion) .  particu> 
larly  in  the  case  of  extcuixe  phlrjrnonx  and  [)uru]ent  effusions  in  the  serous 
cavities,  when  by  rvA^on,  of  their  enormous  number,  thcycannoi  be  regarded  as 
having  resulted  soiety  by  migraciDii  from  titc  circulation. 

The  destruction  of  the  lymph-cells  appears  to  take  place  in  part  at 
tlie  scats  of  origin  of  the  vessels  and  in  the  vessels  thcmBclvcs,  The 
occmrence  in  the  lymph  of  the  fibrin-factors,  which  are  derived  fmm 
disintegrated  l€ukoc>tes.  tends  to  support  this  view.  Particularly  in  the 
presence  of  severe  iiiflamtnation,  especially  in  connective  tissue,  the 
new-formation  of  numerous  lymph-cells  appears  to  be  attended  with 
their  mcreaficd  destruction.  Therefore  the  lymph  under  such  circum- 
stances becomes  especially  rich  in  fibrin,  and.  naturally,  also  the  blood, 
through  the  lymph. 

According  to  Hoycr.  the  lymjih-glnneU  arc  also  filtering  appanttite  in  which 
degenerating  lculiCoc>tcs  ia«  intcrc-cpiod  and  subjected  to  a  destructive  tnetn- 
morptiosis. 

CIRCULATION  OF  CHYLE  AND    LYMPH. 

The  cause  for  the  movement  of  the  chyle  and  the  lymph  depends 
ultimately  on  the  difference  in  pressure  prevailing  between  the  lymphatic 
radicles  and  the  points  at  which  the  lymphatics  empty  into  the  venous 
system. 

In  detail  the  following  facts  are  noteworthy: 

In  the  onward  movement  of  the  lymph,  forces  are  primarily  active 
that  are  of  influence  at  the  jKiints  of  origin  of  the  lymphatics.  These 
forces  must  vary  in  accordance  with  the  character  of  the  puints  of  origin. 
(d)  The  lacteals  receive  the  first  motile  impulse  througli  the  contraction 
of  the  muscles  of  the  villi.  Inasmuch  as  these  grow  shorter  and  smaller, 
they  constrict  the  axial  lymph-space,  whose  contents  must  move  in  a 
centripetal  direction.  With  the  succeeding  relaxation  of  the  villus,  the 
numerous  valves  prevent  tlie  chyle  from  flowing  backward.  With  con- 
striction of  the  lumen  of  the  intestine,  through  contraction  of  the  in- 
testinal muscles,  the  villi  arc  forced  more  closely  together  longitudinally, 
the  evacuation  of  the  central  lymph-vessel  being  hkewise  favored,  (h) 
Within  those  lymph -vessels  that  originate  as  perivascular  spaces,  evcrj* 
dilatation  of  the  blood-vessels  must  cause  a  movement  of  the  surrounding 
lymph-stream  in  a  centripetal  direction,  (c)  Lymph  enters  the  open 
lymph-pores  of  the  pleura  with  each  inspiratory  movetnent,  which 
^^-  excites  suction  upon  the  thoracic  duct.  A  similar  condition  exists  at  the 
^Hj  orifices  of  the  t>'mph-vcsscls  on  the  abdominal  aspect  of  the  diaphragm- 
^^V  atic  peritoneum.  The  blood-vessels  participate  principally  in  absorption 
^H  from  the  abdominal  cavity,  the  lymphatics  relatively  little.  If  serous 
W^  fluid  or  a  solution  of  salt  or  sugar  is  introduced  into  the  abdominal 
I  or  pericardial  cavity,  it  will  be  absorbed,  and ,  if  isiotonic  with  the  blood- 

I  pUfma,  'K'ithout  change;    if  it  is    not    isotonic,  it  will  first   be  made 

I  isotonic  by  elimination  from  the  blood.     Accordingly,  osmosis  cannot 

I  be  alone  the  active  agency  in  the  process  of  absorption,  as  imbibition 

■  contributes  some  iniluence.  If  the  intra -abdoniinal  pressure  increases. 
I  tlte  blood-vessels  absorb  more  freely,  but  with  excessively  high  pressure 
B  less  freely,  in  consequence  of  compression  of  the  abdominal  veins.     In 

■  this  manner  is  explained  the  clinical  observation  that,  in  the  presence  of 

■  ascites,  absorption  is  often  promoted  after  the  abdotninal  tension  is 

M. : 


.17-1  LYMI'li-STASIS    AND    SICROUS    EFFUSIONS. 

|iriK'i-:.:.,  sii  iliiil   tlirv  I'iiiiniit  III   all  I'f  ;il isorliod  unchanged.      Thus,  parliciilarly 
|iiiisiiiis  iliiii    jii'i.  i]ir<rui;h  fi-rniriils,  sncli  as  snakt-vcnom,  ptoniains  and  putrid 

Iu'isiiii::,  iiri-  ili';.li-iiyi(l  liv  t  hi'  striinaoli.  Knuilshi  also  behaves  in  the  same  manner. 
t  Ihis  frrniiiii  i:;  iiilri'diiod  iiin>  llic  stmiiach  while  anivKilalin  is  injected  into 
a  vriii  111'  ihf  .sanir  aiiiiniil.  imisnniii;;  liy  hvdnH-vann- acid  dm's  niit  take  place, 
liivaiisi-  Ihi'  iiimlsin  is  dislinyii!  hy  the  liinislive  ]>rtievsK.  If,  however,  einuisin 
■•;  miietiil  iiiiu  ihf  lilnuil  and  atnyndaliii  iniii  Ihesinmacli.  hydroi'vanie-acid  poison- 
nif;  lakes  |ihiie  ra|'idly,  Ihimusi'  ainvjidalin  is  al'snrli'd  unchan(,'ed  from  the 
sli'niaeh.  Anivt;ilaliii  is  a  );hu'i'siil  (t'-^lUjNl),,)  that  l.Tcaks  up  as  a  resuU  of 
Ihi'  reitneiilalivi-  aclivilv  of  fiv.slt  einiil'siii  willi  the  lakin';  \ii>  of  water.  2(H.O), 
iiili>  In  ihiu'\  .iiiie  aeii!  (I'll  Ml.  oil  of  liitli-r  almonds  (CjllfO)  and  suf;ar,  ;(C)II,;0,). 
l-'ori'lisiTvalioii-i  ml  aiiiiiiats  on  the  al'snrption  o(  sohiliona  from  the  parenchyma- 
lou.s  ^triii-lme-..  either  poisons  whose  aetion  !.;ives  rise  1o  eon spie nous  tonie  .<vinp- 
tonis.  Of  Muh  harmless  sul'slaiiris  as  are  readily  ilisi'overal ile  in  the  lilootf  and 
sul'se-inenlly  especially  in  the  urine  are  emplnved.  as.  for  eNaii'.]'Ie.  piptas.-iitini 
fei  riK'vanid. 

riir  .luilior.  in  iS^il.  demonstrated  thai  siTUin,  injected  into  the  subcuta- 
neous tissue,  is  r.ipidly  absorlu'd.  Tlir  serunt,  whieh  must  l.>c  obtained  from 
an  anim.il  biloni;iiii;  to  ilie  same  si'eeies  or  at  le.ist  as  indilVerent  as  possiMe. 
xmdei'j;i>es  deeomi'ii-sition  in  tlie  eireiiUilion.  so  tli.ii  ilie  proiluclion  of  urea  il)- 
evi-.ix's.  liidi'-ions  i.f  scrnm  may.  therefore,  l>e  i;ivin  for  nutritive  ]iurpp.-es. 
I'eliiile  lea. 'lion  is  .'I'si-rve.l  after  sui'li  inieetior.s.  as  in  il-e  e,i-e  of  transfusion. 
Soliiiioiis  ot  all'nnitii  and  i^eplone.  ot!,  butter.  di\tro>e.  (ivulose,  ^aluelose  and 
li!a;li''.e  m  solulii'ii  h.i^e  al-^o  Ivin  observeil  lo  ui.deriio  al'S'Tption, 

LYMPH-STASIS  AND  SEROUS  EFFUSIONS. 

If  iibsiTiiet'.-'f.  to  the  eiiVrei'.;  \e:S",;s  .itid  lymphave  ia;l:.«  v  f  ar.  or^an  arises. 
s;,i-;s  lesii'.l^.  ,i;'d  '.a:er  abjird.if!  .IIuSTon  \-i  [\  iKi  Ii  iv.'.i'  ■.i-.e  ti-^v-as.  Th:s  is  r;-..>st 
i.!:»;:i'.e',;v  ii-.-, ■!;■'■..  abV  ■■'■:  '.'w  skv.:  .ii;.i  •.]:<.•  s;;lv,;;.i;-,i . '.^s  l;ss',::  .  wlure  :r.e  soft 
p.ii'.-;  beeo!'-.-  s«o'.'.in  wlv.!e,  «■;'.;.",:;  ivilviss  .ir.i  t  .iir;,  '■.■.ir.ef.-i.'tiiT.  di-\'cl"'i's, 
w.!;  ,1  ,!o'.ij;':\  iVe'.'i'i;  ,u-.:  press'.v'e  w:',i;  tre  :':;i;i  r  e.i'.'.-^i  s  ;;;::-i:  Tluse  i.re  the 
s!;;;-.s  ,■!  '\  ;v'.''.  s;.;s  s  w'-ie';.::  'A-.^'  :\:::.l  ;s  es'.i.v.il'.v  reh  ■::  v.-ur,;?  ';.  s;.;:.ci:ed 
In   ::■.■  ^.v-W.-v.u 

_\,-*-'  ^\  't  ".V-  ",  <i^'  ".s  e.i^■'.', '\.'S.  '.'.r.',*  r  .'  :\<  k\  "..■,'■.,  v^  .;  s""^""  .^r  c;  ..^.ev.cn 
Ot  '%;;:;  '■  '.I'-.s  •■'...-.•  1;"  •■■.■.:•■.  ■■■v.^  '.  v:!^  >v:, .  ■.•.•■.^•..•..  ir.:::  ■.'::■.  '.,',-^.:'^  ':'.■  ^d- 
\, ->,■:?    —:.■    '.:.■'■.    -^■.  •v.^   ,-.L\-;-iS    ..:■,:   ::•   '.v,,-  ;"\;':  ylv.."     -     :'...    :':::.]    r-.-;:er 
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first  to  study  the  mesenteric  chyle-vessels  more  thoroughly,  together  with  their 
valves.  Pecquet  (164S) ,  as  a  student,  found  the  receptacle  for  the  chyle,  Rudbeck 
and  then  Thorn.  Bartholiiius  the  clear,  watery  lymph -vessels  (1650-1652),  Eus- 
tachius  (1563}  was  familiar  with  the  thoracic  duct,  which  Gassen^s  {1654] 
later  claimed  to  have  been  the  lirst  to  discover.  Lister  noticed  that  chyle  wa« 
colored  blue  after  the  injection  of  indigo  into  the  intestine  (1671).  Rudbeclc 
(1653)  observed  the  separation  of  tibrin  in  the  lymph;  Reuss  and  Emmert(i8o7) 
were  the  lirst  to  observe  the  l);mph -corpuscles.  The  chemical  examinations 
date  from  the  lirst  quarter  of  the  nineteenth  century,  and  were  made  by  Lassaigne, 
Tiedemann,  Gmelin  and  others,  of  whom  the  latter  also  recognized  the  fact  that 
the  white  color  was  dependent  upon  the  fat-granules. 
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PHYSIOLOGY  OF  ANIMAL  HEAT. 


SOURCES  OF  HEAT. 

The  heat  of  the  body  is  a  form  of  kinetic  energy  appearing  without 
interruption  and  must  be  conceived  as  depending  upon  vibrations  of 
the  atoms  of  the  body.  In  the  last  analysis  every  source  of  heat  is 
contained  in  the  mass  of  potential  energy'  taken  into  the  body  as  food, 
in  combination  with  the  oxygen  obtained  from  the  air  in  the  act  of 
respiration.  The  amount  of  heat  liberated  depends  upon  the  amount  of 
potential  energy  transformed. 

The  potential  energy  of  nutrient  matters  may  be  appropriately  desig- 
nated as  latent  heat,  inasmuch  as  it  may  be  conceived  that  in  their 
consumption  in  the  body,  which  is  essentially  a  process  of  combustion, 
kinetic  energj'  is  transformed  only  in  the  form  of  heat.  As  a  matter  of 
fact,  mechanical  energy  and  electricity  are  also  developed  from  the 
potential  energy  supplied.  However,  in  order  to  obtain  a  uniform 
measure  for  the  forces  transformed,  it  is  advisable  to  express  all  potential 
ener^'  in  terms  of  heat-units.  The  calorimeter  is  an  apparatus  with  the 
aid  of  which  the  amount  of  potential  energy  contained  in  food-stuffs 
can  be  converted  experimentally  into  heat  and  the  units  of  the  latter 
can  at  the  same  time  be  measured. 

Favre  and  Silbermann  employed  the  so-called  water-calorimeter  (Fig.  133)- 
A  cylindrical  box,  the  so-called  combustion-chamber  (K),  serves  for  the  recep- 
tion of  the  substance  to  be  burned.  This  box  is  suspended  in  a  larger,  cylindrical 
vessel  (L),  which  is  filled  with  water  (w),  so  that  the  combustion -chamber  is 
completely  surrounded  thereby.  Three  tubes  enter  into  the  upper  portion  of 
the  chamber:  one  (O)  is  intended  for  the  passage  of  air  containing  oxygen, 
which  is  necessary  in  the  process  of  combustion.  The  second  tube  (a)  in  the 
middle  of  the  cover  is  closed  above  with  a  thick  glass  plate,  upon  which  is  mounted 
at  an  angle  a  mirror  (s) ,  which  permits  the  observer  (B)  to  look  into  the  interior 
of  the  chamber  from  a  lateral  pomt  of  view  in  the  direction  b  b.  in  order  to  observe 
the  process  of  combustion  at  c.  The  third  tube  (d)  is  employed  only  when  it 
is  desired  to  consume  combustible  gases  in  the  chamber  and  through  it  these 
are  then  passed.  Generally  this  tube  is  closed  by  a  cock.  A  lead  pipe  (e  e)  also 
passes  out  of  the  upper  portion  of  the  chamber  and  in  a  convoluted  arrangement 
traverses  the  volume  of  water,  finally  reaching  the  surface  at  g.  Through  this 
the  gases  of  combustion  escape,  being  cooled  in  the  convoluted  tube  to  the  tem- 
perature of  the  water. 

The  cylindrical  vessel  containing  the  water  is  covered  with  a  lid  having  open- 
ings for  the  four  tubes  that  pass  through  it.  The  water-cylinder  stands  upon 
legs  within  a  larger  cylinder  (M),  which  is  filled  with  a  poor  conductor  of  heat. 
Finally  this  is  placed  in  a  still  larger  cylinder  (N) ,  which  again  contains  water 
(W).  This  last  layer  of  water  is  intended  to  prevent  any  heat  from  the  exterior 
from  raising  the  temperature  of  the  water  in  the  interior.  A  definite  amount  of 
the  material  to  be  examined  is  burned  in  the  combustion -chamber.  After  com- 
bustion has  been  completed,  during  the  progress  of  which  the  water  in  the  interior 
is  repeatedly  stirred,  the  temperature  of  the  water  is  determined  by  means  of  a 
delicate  thermometer.  If  the  amount  of  increase  in  temperature  is  noted,  and 
if  the  amount  of  water  in  the  inner  cylinder  is  known,  the  number  of  heat-units 
furnished  by  the  combustion  of  the  measured  amount  of  the  substance  under 
examination  can  be  readily  estimated. 
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Instead  of  the  iratrr- calorimeter  tbc  icc-caloriiiKtcr  may  be  cfnploj'cd.  la 
this  instrumcat  the  inner  container  is  suiroundcd  n-ith  kc  instead  «f  vritb  water.. 
Around  this  in  »  second  cuntuiuur  is  still  iaor«'  icv.  t^hich  prtvente  any  beat 
from  without  meting  upiin  the  icc  m  the  interior  The  body  in  the  iBleriorcliam- 
her  gives  oH  heat  nnrf  eauses  a  portion  of  the  mrrounding  ice  to  melt,  while  tha 
ice-water  passes  o0  beloa-  through  a  lube  and  ts  measured.  In  this  connection 
it  shouid  Be  noted  that  79  hent-units  are  required  to  melt  i  gram  of  ice  into  1 
piun  of  water  at  a  tempernHiif  of  o'  t",  For  animal  experimeiitatiom  the  calor- 
imeter has  probnbjy  rcacncd  the  highest.  Rrade  of  perfection  at  the  hnnds  of  Rubncr. 

The  air-caloriiiicitr  of  d'Arsonval  permits  of  nicaiiUTemcnt  in  human  beings 
vilhin  a  few  minutCH.  A  riKid  cylinder  of  woolen  matcnal,  within  which  a  man  1 
may  stand,  is  provided  above  with  a  chimney.  If  tbc  man  heats  the  air  in  tbe- 
intcrior,  this  will  cseapo  through  the  chimney  and  set  in  motion  a  small  wind- 
mill contained  therein,  whose  revolutions  can  be  counted.  Tbc  amount  of 
heat  given  off  it  proporticnat  to  the  scjuare  of  the  velocity  of  the  escaping  cur- 
rent of  air.  A  man  in  the  nude  state  yielded  114,  and  in  the  dretned  atate  79 
calorics  in  an  hour. 

Just  as  in  the  calorimeter,  thougli  much  more  slowly,  nutrient  mat- 
ters nt  coasumed  in  the  human  body  with  a  supply  of  oxygen,  and  as  a 
consequence  there  takes  place  a  transformation  of  potential  into  kinetic 
energy,  which  in  a  person  at  rest  appears  almost  wholly  as  heat. 

I'avre  and  Silbcrmann,  I-'ranklnnd,  Kechcnherf;,  Stohmann,  B.  Danilewsky, 
Rubner  and  others  have  made  calorimetric  'ibsiTvations  as  to  the  amount  of  heat 
yielded  by  the  combustion  of  many  nutrient  substances.  One  graoi  of  water-, 
free  aubatance  yielda  in  heat-unita  as  follows: 


Proteids  on  the  average. 

Serum-albumin 

HKS'i^humiii , 
Svntonin,  ..... 
Hemoglobin, 
Milk-ca^t-in, 
Yolk  of  egK . 
Vitellin 

Meat 


CAaaonvoKATES. 
5711     Galactooe.  

SoiS     Conc-si^ar 

5735  MilVeuKar, . 

S»oi*  MaltoKc,  . . . 

5^85  Glvfogen. . . 

5858     StaKh 

5S41  t»hiIo«c.  .  -  - 

j;45  Cow'smilk,   . . 

56*3     Woman's  millt 

564 1     Rye-bread > 

5199     Wheat-bread .v........ 

5637     Pea* 

5943     lluckwhcat ,..> 

5793     Maize ,... 

5479     Alcohol .....,..> 

Muscte-extmrtivrs , , . . 

0-00      Liehig'g  mcat-oxiraet 

at\t  (Principally    according    to   Stoh- 

g^^j  mann). 

9*08  

9*37  Urea,   ... 

9759  Glycin. 

jji*     Leucin 

1683  Hippuricacid, 

),t98  Kreatinin. 

to?  Uric  arid. 


99(6 


Peptone. ... 

Fifcia 

Vegetable  fitirin, . 
I^gumin, 
Conglutin.     . 

Animal  fats  tin  tbc  average,  . 

Butter 

Olive-oil 

Rape-oil 

Stearic  acid.  . 
Oleic  acid,  .    . 
Palmitic  acid. 

Gl>'ccrin.   

Alcohol 7100 

As  the  tn-oteids  in  the  body  are  not  transformed  beyond  urea  the  amount 
of  heat  resulting  from  the  comlnintiim  of  uren  ia  to  he  deducted  frnin  that  resulting 
from  the  combustion  of  the  proteids.     As  one  gram  of  proteids  (avtrragc  caloneei 
5711)   yiclda  o.t4>S  gram  of  urea,  and  i  gram  of  urea  yields  i$37  calorics,  87a 
calories  are  to  be  deducted. 

tM^dyiami.:    f.^od'Stupi.  namely,  those  that  yield  the  lanw  tstuuantj 
in  the  process  of  comhustion,  arc  ««  follows:    loe  grams  • 
dedtiettoa  of  the  heat  resulting  from  the  combustion  ^  - 
fot,  114  grams  of  starch,  138  grams  of  dextrose. 


S0UKC2S   or    lIBAfT 


iBodyntmic  with  343  grima  of  dry  mrat  or  aas  gnim*  of  dry  syntoniii.  or  with 
sf  6  granui  of  dextrose.  According  to  PHugir.  r  gram  of  nitrovvn  in  meat  equals 
3-79  gramx  of  fat:  1  KTAm  of  anintal  fat  equals  0.3O4  gthxn  of  nitrogen  in  meat: 
I  gnimof  starch  equfi]so.434gTmni of  fat  oro.iS4  Zn>mofnitro)i:cii  in  meat:  i  gram 
of  frape-iiUKaT  equals  «  .J90  gram  o(  fat  or  0.41  gram  of  nitrogen  in  meat;  100 
grams  of  vcgctaiilc  albumin  likewise  equals  55  grams  of  fat  or  lit  grams  of 
starch  or  tjir  K^ams  of  dextrose. 

Rubticr  estimates  in  huioAO  bein;t«  on  a  mixed  di«t  th«  available  heat-pro- 
ducing energy  {or  1  gram  of  proleid  at  apprr.xim.itcly  41*0  calorie*,  for  1  gram 
of  fat  9300  calories,  for  i  gram  of  carliohyilraic  4100  cslorios.  Forthcdog  Rurm*r 
determined  that  1  gram  of  iiitrojien  in  llic  cscrela  of  the  faKting  animal  had  caused 
the  production  of  ij.ooo  cakmes;  further.  Uij»t  1  gram  at  iitimgeii  in  the  excreu 
with  a  meat-dtcl  had  [iroduced 
sfi.ooo  calorics;    and    1    gr«n    uf  ^_ 

carbon,  formed  from    1.3  gninHi       ^eB^ 
of  fai,  had  yielded   11,300  calo- 
rics. 

If  it  be  known,  therefore. 
how  many  parts  by  weight 
of  the  foregoing  substances 
a  human  being  takes  up  with 
Ilia  food  during  twenty-four 
hours,  the  calculation  can  be 
made  as  to  how  many  heat- 
units  he  may  generate  there- 
from through  oxidation.  In 
Uiis  connection  the  utiliza- 
tion o(  the  nutrient  materials 
must  be  taken  into  consider- 
ation, in  accordance  with 
which  a  certain,  even  though 
small,  percentage  of  the  food 
cannot  be  disposed  of  by  the 
digestive  and  absorptive  or- 
gans, and  therefore  is  ex- 
creted unused. 

Rubncr  found  that,  however 
abundant  the  administration  of 
food,  a  larger  amount  of  heat 
can  be  shown  to  he  produced 
immediately  on  the  first  day  of 
feeding,  as  comparrd  with  the 
prece^g  days  of  fasting.  The  bodily  temperature  under  such  circumstances 
remains  unaltered.  The  greatest  amount  of  heat  is  produced  as  a  result  of 
cxccasive  adminUtration  otpruteids.  less  from  carbohydrates  and  least  from  fats. 

In  detail  the  sources  of  htal  arc  -as  follows : 

I.  The  transjormatioi!  of  chemir.ai  combinaiiofts  of  foods  with  high 
potential  energy  into  those  of  lesser  or  completely  exhausted  potential 
oneigy.  As  the  organic  articles  of  food,  exclusive  of  the  inorganic 
accompaniments,  consist  of  C,  H,  N  and  0,  it  is  especially  through  {a) 
the  combustion  of  C  into  CO,  and  of  H  into  H,0  that  heat  is  produced. 
In  this  connection  it  is  to  be  noted  that  the  combustion  of  i  gram  of 
n  CO3  yields  8080  heat-units,  while  that  of  i  pram  of  H  into  H,0 
1.460  heat-units,  though  the  C  and  H  in  the  molecule.**  of  the 
— ■ -'  -^t  ab«ady  be  saturated  with  O.  The  amount  of  O 
urpose  is  taken  up  in  the  act  of  respiration.     There- 
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SOURCES   OF    IIBAT. 


fore  an  approximate  estimate  may  be  made  as  to  the  quantity  of  heat 
produced  by  nn  organism  from  the  amount  of  oxygen  consumed  in  a 
unit  of  time.  An  equal  consumption  of  O  corresponds  with  an  equal 
production  of  heat,  whether  it  served  for  the  oxidation  of  li  or  of  C. 
As  a  matter  of  fact,  a  relation  exists  between  heat-production  in  the 
auirnal  body  and  the  consumption  of  O,  as  between  cause  and  effect. 
Thus,  cold-blooded  animals,  which  consume  little  0.  have  a  low  lK)dily 
temperature.  Among  warm-blooded  animals  t  kilogram  of  living  rabbit 
takes  tip  0.914  gram  of  O  within  an  hour  and  by  this  means  maintains 
its  bodily  temperature  on  the  average  at  38"  C;  i  kilogram  of  living 
hen.  on  the  other  hand,  consumes  r.iSe  grams  of  O  in  an  hour  and 
maintains  as  a  result  an  average  temperature  of  43.9  C.  The  amount  of 
heat  produced  is  c(|ually  large  whether  the  combustion  take.s  place 
slowly  or  rapidly.  The  activity  of  metabolism  has,  accordingly,  an  in- 
fluence only  upon  the  rapidity,  but  never  upon  the  absolute  amount,  of 
heat-fomiation.  Also,  the  combustion  of  inorganic  sulwtances  in  the 
body,  such  a.-!  that  of  sulphur  into  sulphuric  acid,  that  of  phosphorus 
into  phosphoric  acid,  constitutes  a  source  of  heat,  although  it  be  but 
slight.  According  to  Kubner  this  amounts  to  but  0.47  per  cent,  of  the 
heat. 

(6)  In  addition  to  the  processes  of  combustion,  however,  all  o£  those 
chemical  processes  in  the  human  body,  as  a  result  of  which  the  total 
amount  of  potential  energy  present  is  diminished,  in  consequence  of 
greater  saturation  of  aflmilies  of  the  atoms  previously  present,  are 
attended  with  the  duvelopment  of  heat.  Wherever  tlic  atoms  combine 
with  saturated  atlinities  tor  greater  stability  in  their  ultimate  position 
of  rest,  chemical  potential  energ}'  is  transformed  into  kinetic  thermal 
energ)',  as,  (or  instance,  in  the  alcoholic  fermentation  of  grape-sugar 
aJid  other  similar  pnacesses. 

Hral  lit  produced  aim  in  Ihr  folliywing  cliemicnl  pn>c<t»: 

(1)  Tlie  union  oi  bases  with  acids.  Here  thi2  characi*r  at  the  baa*  determioca 
the  amount  of  heat  formed,  while  the  eharactcr  of  ttie  acid  is  wiihout  anv  iiillu»ic«. 
Only  when  ihp  aciil,  us.  for  inslnnce,  carbon  dioxid.  is  not  citpiiblr  i^  nc.itraii?- 
ing  the  alkaliiM^  reaction,  is  the  production  of  heat  smaller.  Also,  tbc  forma- 
tion of  chlorin-comliinattonii.  as  in  the  stomach,  generates  heat. 

<.)>  Thc!  tnins forma ti(m  of  .1  ncutrnl  inU)  a  basic  salt.  In  the  blood  lh« 
sulphuric  nnd  phosphoric  acidi  rraulting  from  tht*  combustion  of  sulohur  and 
phosphorus  combine  with  the  alkalies  of  the  blix>d  to  fonn  basic  salta.  Tht 
dccvmposittoii  of  Uie  ciubonates  of  tbi:  blood  by  lactic  und  pbosphortc  acids 
corutitut<-s  a  doubli;  source  of  hcAt,  namrly  through  the  fonnatic>n  of  a  new  salt, 
as  well  as  through  the  relcas«  of  esrfoun  dioxid.  which  i»  in  part  absorbed  by  tbc 
blood. 

0)  The  combination  of  hemozlobiu  with  oxygen.  According  to  Bertbdot 
the  amoiini  of  heat  jimdiiced  in  lni»  way  i«  equal  10  onc-teventn  ot  the  total 
amount  formed  in  the  body. 

In  the  chemical  proccues  through  which  the  body  is  provided  with  beat  there 
not  rarely  occur  heat-absorbinii:  inlermciliaie  iranaformatiuna  of  the  bodies.     At 
times,  in  >'tdcr  to  bring  about  more  complete  saturation  of  the  al1initii-s,  inter- 
incdiar>'  atom-grovps  in  therOMrlves  hirnlv  united  rDuiit  liret  be  broken  up.     In  this 
preecM  thermal  enero'  ■■  consumed.     .'Uso  in  the  breaking  up  of  stablft  tmtgtt*  ■ 
atetes  in  procesces  of  retrogri-RSive  metamorphosis  heat  is  bound  up.     All  of  tlHM^ 
tntormediarv  losses  of  heat.  h<>wevi.T,  are  extremely  slight  as  compared  with  HtM- : 
due  to  the  aevelopment  of  the  end-products. 

3.  PhysiCiU  firoc^ises  may  1«  menticr 
{a)  The  transformation  of  the  kinetic  nu 
furnishes  heat,  as  the  work  done  cannot  lie  conwyc 
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Thus,  all  of  the  kinetic  energy-  of  the  heart  is  transformed  into  heat 
through  the  resistance  opposed  to  the  blood-strcam.  The  same  may  be 
said  of  the  kinetic  energy  of  certain  muscular  viscera.  Thus,  the 
topfiion  of  the  costal  lanilages  and  the  friction  of  the  current  of  air 
in  tlie  respirator,-  organs  and  of  the  cooteots  of  tbe  digestive  tract  yield 
a  certain  amount  of  heat. 

Small  amounls  of  tire  mt^chanical  cacsgy  of  ihe  heart  arc  I  ran  emitted  tbrough 
the  ftpex-bcai  an<l  ihe  auiicTtkial  jmlsv  lu  iummnditig  jiiirts.  but  tlivM.'  arc  t-x- 
ccedrngty  small,  Also,  in  the  ro5)>iratory  movement,  m  the  expulsion  at  the 
rcepirsior>-  rases,  ihc  cxpixtoratcd  end  other  matters,  a  small  amount  of  energy 
is  conveyed  to  th*  outside,  whicli  is  nwl  converted  mlij  ticat.  Joule  l>as 
attempted  \t>  determine  the  ainount  of  heat  KPncratd  in  consequmce  of  the 
kini-tic  cneria^"  loKt  hy  a  flowing  tluvd.  ArcordmK  to  him  tht  ammint  of  h«at 
produced  in  this  way  as  a  result  of  the  friction  must  stand  in  a  rdntum  to  the 
product  of  the  difference  betwceE  ihe  initial  and  the  terminal  prcssiiro  in  the 
weight  of  the  Itonfng  Iluid  maKR.  If  it  t>e  assumed  that  the  dady  work  of  the 
circulation  c(|uaU  more  than  86.000  mi-ter-kiloKTiinia.  it  will  lie  srcn  that  the 
rcEuUing  amount  of  heat  in  jj  hours  M-ill  be  about  304.000  calories,  which  i)'  sufTi- 
eit*nt  10  raise  tlic  Icniiiemture  of  llie  body  of  a  medium- sized  pt-rson  about  a°  C. 

(b)  If  tlie  body  through  muscular  activity  does  work  transmitted  to 
the  outside,  as.  for  instance,  if  an  individual  throws  a  heavy  weight  or 
ascends  a  tower,  a  portion  of  the  kinetic  energy  is  converted  into  heat 
through  the  friction  of  the  muscles,  the  tendons,  the  artiailar  surfaces, 
further  through  concussion  and  pressure  of  the  ends  of  the  bone  upon 
one  another 

(f)  The  electrical  currents  generated  in  muwles.  nen-'cs  and  glands, 
apart  from  the  small  amounts  that  pass  out-sidc  of  the  body  with  suitable 
conductinn,  are  must  pml>ably  transformed  into  heat.  Thennogenic 
chemical  processes  also  generate  electricity,  which  likewise  is  trans- 
formed into  heat.     This  source  of  heat  is,  however,  quite  insignificant. 

(d)  As  a  further  idtght  source  of  h*at  frfjni_  physicftl  causes  there  iiliould  x-et 
Ire  mentioned  Iieat-pToduclion  through  al>.s<'ri'''""  ''^  carbon  dioxid.  through  the 
condensation  of  water  in  its  passage  through  membranes,  and  in  the  process  of 
imbibition,  the  forniation  of  st^iblc  ag^ri-giite  ptAles,  as.  for  instance,  of  cal- 
cium m  th<  bones.  It  »i  tnie,  heat  is  again  in  pari  lost  through  the  involution 
of  solid  part.t  at  advanced  age.  After  death,  at  titnev  n\ia  under  patholojgieal 
conditions  during  life,  eoevulatiort  of  blood  and  the  rigidity  of  mutcles  constitute 
in  this  manner  a  source  of  heat. 

ANIMALS  WITH  CONSTANT  AND  WITH  VARUBLE 
TEMPERATtmE. 

Instead  of  the  older  division  ol  animals  into  cold-blooded  and  warm- 
bIoo(]e<I  (mammals  and  birds),  it  is  advisable  to  base  their  classification 
upon  another  characteristic,  namely,  the  uniformity  or  the  variability 
of  the  bodily  tempemture  with  respect  to  externa!  intiuence.i.     For  the 
class  of  wami-bluodcd  animals  the  n.ime  honwiathcnmc  animals  has  been 
introduced  by  llergmann,  because  they  are  capable  of  maintaining  their 
bodily  temperature  with  remarkable  unifonnity  notwithstanding  consid- 
erable variations  in  the  surrounding  temperature.     He  desigiiat«l  cold- 
fa/ooded  animals  poikHolhcnnic  animak  because  their  bodily  temjwrature 
fjBes  and  falU  within  wide  limits  in  accordance  with  the  temperature  of 
the    surrounding  medium.     Accordingly.   Jieat -production  must  be  in- 
*r/ieased  in  honioiotfiermic  animals  if  exposed  lor  a  long  time  in  a  cold 
^fJ)>os/.Jiere  and  dimmi-siied  on  cxwisurc  for  a  long  lime  in  a  warm 
•  "wosphere. 
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An  instanc«  of  this  great  constAiK'y  of  the  temperature  in  the  hunuui  bodjr 
was  furnished  by  Fordvc^!.  who  died  in  t;pi.  After  a  man  had  b^en  for  t«n 
minutes  in  a  room  WUta  wtih  hut.  drj'  air.  ine  ieinf>erature  of  ihe  interior  of  bi« 
clowd  hsind,  th*  cavity  of  hi*  mouth'  Iwitealh  the  toni;u«.  a«  well  as  the  uritw. 
was  raise*!  only  a  few  tenths  of  b  degree.  When  Bccqucrel  and  Brrehct  were  invcj- 
tigatins  by  means  of  the  thermo-electric  needle  the  temperature  in  the  middle  of 
Xb«  biceps  muM^c  in  a  man  whose  arm  had  been  imrocri^d  (or  a  wholu  hour  La 
ice-water,  they  found  the  temperature  of  muscular  tissue  reduced  only  o.a"  C. 
The  same  mu*c!c  cxhibilt^d  cither  no  increase  in  tempemlurc  or  b  reduction  of 
only  03°  C.  after  the  man  had  immcrMd  the  arm  in  water  at  a  temperature  of 
41"  C.  for  a  quarter  of  an  hour. 

If  marked  alteration  in  lemperalure  be  brouglit  about  by  powerful 
agents,  namely,  hv  vigorous  abstraction  of  heat  nr  by  considerable 
addition  of  heat,  great  danger  to  the  continuance  of  life  results, 

Poikilothermic  animals  react  difFerently.  the  bodily  temperature 
foUowing  in  general  the  surrounding  temperature,  though  with  varia- 
tions. On  the  basis  of  numerous  observations  Soetbeer  therefore  states 
that  the  poikilothermic  vertebrates  have  no  special  temperature  in  the 
ordinary'  sense  of  the  term,  but  their  bodily  temperature,  like  that  of 
inanimate  objects,  is  dependent  upon  that  of  tlie  physical  conditions  of 
their  Eurroundtngs. 

The  fotlowins  may  suffice  as  illustrations  of  the  bodily  temperature  in  tlie 
aitimal  kinsdoni;  Biros;  Bca-ftull.  37.8°  C:  swallow  iind  titmouse.  44.03°;  mam- 
noAls;  dolpnin,  ss-s",  biouk,  41-1°.  echidna  from  36,5°  to  36";  arthropods:  trom 
«.i°  to  s,»'  above  th«  turrouiiding  temperature;  m  bcfg  a^rceatcd  in  the  hiv» 
from  30"^  to  31*,  and  in  bees  to  swarma  as  high  as  40*.  TneTollowing  animaU 
raise  their  temperature  atiove  the  surrounding  temperature:  cephalopods  0.57* 
molluscs  0-46*.  echinodernu  0.49°.  mednuB  0.97*.  polj-ps  o.jt"  C. 


METHODS   OF   ESTIMATING   THE   TEMPERATURE: 
THERHOMEXRY. 

Thtrmemtiry. — By  meant  of  thcrmomctric  apparatus  information  is  obtained 
as  to  the  temperature  of  the  body  subjected  to  examination,  Kor  this  purpos* 
there  are  employed: 

The  iktnnomeier  (Gnlileo,  1603).  Sanccorius  was  the  first  in  1696  to  inalce 
thermoraetric  measiiremrnls  in  human  bcin^.  It  is  advantageous  to  employ 
instruments  graduated  in  too  parts  according  to  Celsius,  each  degree  being 
subdivided  into  ten  parts.  Ttie  apparatus  should  be  oomparrd  with  a  nor- 
mal thermometer  liefore  being  used.  The  column  of  mercury  should  be  slender 
and  the  spindle  neither  too  small  nor  too  large,  and  preferably  cylindrical  in 
shape.  A  large  bulb  incrcasca  the  sonsiiivoncse  and  also  tuo  period  of  obscrvatioo. 
bacatus  the  largo  amount  of  mercury  is  iiifltieneed  through  and  through  by  beat 
with  greaur  dimcultv.  If  the  spindle  he  smnllcr  the  oMervation  can  be  made 
more  rapidly,  but  it  is  k-^s  trustworthy.     Tlii;  scale  should  be  of  pororiain. 

All  ttiermometers  acquire  on  error  after  uao  for  a  consideral^Ie  time,  reels' 
tering  too  higli.  Therefore,  they  should  be  compared  from  time  to  time  with  a 
normal  instrumcni.  At  every  observation  the  tiulb  should  be  completely  sur- 
rounded and  kept  at  rest  for  at  least  liftecn  minutes  and  during  the  liutt  live 
minutes  no  movement  in  the  column  of  mercury  should  be  noticeable.  Minimal 
aod  particularly  maximal  thcrmomemrs.  fur  the  inca&uremcnt  of  febrile  tempera- 
ture, are  of  the  greatest  convenience  to  the  physician. 

For  delicate  compnr-itivc  mpasufwincnts  Walferdin's  metastatic  thermometerH 
(Fig.  134)  i*  especially  useful      The  lube  is  exceedingly  namjw  in  i}roi>ortioa 
the  bull)-     In  order  that  on  this  accuunt  the  instrument  should  not  be  orawn  ota'K 
to  an  extraordinary  length,  an  nrrangcmeitL  is  provided  by  wbkh  the  necesaas'y 
amount  of  mercury  can  m-  increased  or  diminished  at  will.     So  m\ich  mercunr    UB 
taken  That  at  the  expected  temperature  the  column  reaches  about  to  the  middl.^ 
of  the  tube.     This  end  is  attained  by  hnving  at  the  xippcr  cxtrcn::'-   -f  •'-  f.x*>« 
an  expansion  in  wliich  the  superfluous  mercury  is  received.     If.  ' 
temperature  is  to  be  token  that  is  likely  to  be  between  37"  and  -1  .1 
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is  first  heated  to  eotncwhat  above  40**  C. :    then  it  is  cooled  Quickly  tiad  &t  the 
SAme   time   shaken,   so  thflt   the   column   t>1    mercurj*  i*  hroken 
below   the   upper  expanuon.     Thus   the    play  of  the  column  i*  ^ 

from  about  40^  downward.     The  tube  is  so  hne  that  t"  C.  com~  Vw 

Shsss  about   10  cm.  in   length,  and  A,'  C.  it  ttill  i  mm.  long.  /\ 

.  reading  of  even  as  little  as  iA«°  C.  has  been  made  possible. 
The  scale  is  graduated  arbitraruy.  The  value  of  the  graduation 
must  be  determined  by  comparison  with  a  normal  Uicrmometer, 
and  also  the  tesiperalure  when  the  column  ol  mercury  reaches  a 
eortain  level. 

Kronfrcker  and  Mayer  caused  small  maximal  thermometers 
to  be  passed  through  the  digestive  canal  or  through  vessels  of 
conuderabU!  dzc.  The  Hmnll  instruments  ure  so-called  outflow 
tbwmometrrs.  u-hoeo  mercury  escapes  thnnigh  the  short  op«i 
Cube,  and  in  greater  amoimt  nattirajlv  when  the  temper8tiu"e  is 
highest.  After  removal,  examination  u  made  by  conip;irisoii  widi 
B  normal  thcnnometcT  for  the  purpose  of  dctcnninmg  the  tem* 
pcratun;  at  which  the  mercury  rises  exactly  to  the  free  extremity 
of  the  tube. 

The  thtrma^lfttric  apparalus  permits  rapid  and  accurate 
meoMirement  of  the  temperature  (i'ig.  ijj,  1).  Th«  thenno-«1ec- 
tro-galvanom«tcr  of  .Mctssncr  and  Mayerstcin  employed  for  this 
purpose  cootaioG  a  circular  magnet  (m)  suspended  from  a  dUc 
thread  (c)  to  which  by  means  of  a  nook  a  smalt  mirror  <s)  is 
attached.  Near  this  magnet  another  bax-magnet  is  lixcd.  with 
its  poks  similarly  directed,  and  in  such  proximity  that  the  free 
magnet  is  capable  of  turning  to  the  north  witli  tne  elighiest  de- 
gree of  force.  About  the  latter  a  thick  copper  wire  (h  b)  is  wound 
several  times  (in  the  diagram  in  at  ic  rcpre»cntation  but  one  turn 
is  sliown),  and  with  the-  prolonged  extremities  of  this  two 
ne«dle-lik?  thermo-* lemon ta  (a  f ,  f  a)  nuide  of  different  metals — 
German  silver  and  ifY>n  -ind  loklcred  together,  arc  connceted. 
Tlic  fn-c  ends  of  tln-w  tu-cdles  of  simi!.ir  name  are.  further,  con- 
nected by  means  of  a  wire  (b).  Thus  the  two  thermo-elenienls  are 
incorporated  mlo  the  clased  dnruit.  At  a  dist.ince  of  three  meters 
from  the  mirror  a  horizontal  scaJc  (KK)  is  fixed,  the  numbers  on 
which  arc  rcllccted  in  the  mirror.  The  scale  itself  is  supported 
upon  a  telescope  {^.  which  it  directed  toward  the  mirror.  The 
OMerrcr  (B),  loolons  through  the  telescope,  sees  in  the  mirror 
the  figures  of  the  scale,  which  can  be  accur&tely  adjusted  If  the 
magnet  swings  out  of  the  magnetic  meridian,  and  with  it  the 
mirror,  other  figures  on  the  scale  appear  to  the  obser\-er  in  the 
mirror.  If  one  of  the  thcrmo-clemcnts  is  hcRtetl.  an  electric  cur- 
nait  resulu.  which  is  directed  in  the  wanner  element  from  the 
German  silver  to  Che  iron,  and  at  the  same  time  causes  deJIeciion 
of  the  movable  magnet.  If  the  observer  conceive  that  he  is 
awiinming  in  the  direction  of  the  current  within  the  conducting 
wire  the  noirlh  pole  of  the  magnet,  is  defiecied  to  the  left. 

The  tangent  ol  tlie  angle,  through  which  the  £rc«ly  movable 
TTugnct  is  deflected  from  its  position  of  rest  in  the  magnetic  me- 
ridian by  means  of  a  galvanic  current  passed  before  it,  is  equal  to 
ii\K  relation  of  ihi;  galvanic  energy  G  to  the  magnetic  energy. 
Therefore,  die  langcnT  is  as  G  is  to  D.  In  ordt-r.  thus,  to  keep 
the  tangent  oa  large  as  puKHible,  while  G  n-mains  the  same,  the 
magnetic  energy  must  be  reduced  as  much  as  possible.  If  the 
ma^nciijm  of  the  swinging  magnet  be  designated  ra  and  the  mag- 
wiism  of  the  earth  i'  the  inusiictic  energy  D  equals  Tm,  From 
Xboi  It  A/»ncars  that  D  can  be  diminished  in  two  ways,  namely 
W  fj' rt-cJuction  of  the  magnetic  force  of  the  swinging  niiiraet. 
«*^;/>«   done  through  the  astatic  pair  of  needles  of  the  Nobili 


tor.  and  {3)  |>y  lessening  the  magnetism  of  the  earth  by 
^    ?    L  *"*''iary  magnet  (Hauv  barj   applied  in  the 
(.■"-•<i  (if  the  .fwmging  magnet  with  the  same  oliject. 
f'-ft.mcf!  for  the  rapid  and  aceunitc  luljustment  of  the 


lordla'a  Uc 
laiUlSc  Thtr- 
■Donslsr. 


*■  ^'  ^mployincnt  of  the  so<alled  damping  arrangement 
_    ■wnwh  is  not  indicated  in  the  itluatraiion.     This  consisu  of  a  thick. 
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copper,  hollow  cylinder,  upon  which  the  wire  of  the  coil  is  wound.  This  mass  of 
copper  may  be  considered  as  a  closed  multinlicator  of  a  single  winding  with  a  large 
cross -sect  ion.  The  magnet  set  into  oscillation  induces  in  this  closed  copper 
mass  a  current  whose  intensity  is  greatest  when  the  rapidity  of  oscillation  of  the 
magnet  is  greatest,  and  which  takes  the  opposite  direction  as  soon  as  the  mag- 
net is  reversed.  In  lesser  degree  the  multiplicator  itself  as  soon  as  it  is  closed 
operates  in  the  same  manner  as  a  damper.  The  currents  thus  induced  cause  a 
reduction  in  the  oscillations  of  the  magnet  in  such  a  way  that  the  arc  of  move- 


FlC.  i.is  —  DiaKrammatic  Rcpn.'Mnlalian  o(  Thrrmu-cU'ilrit  .Apiaraius  lor  the  MMsurcmcnl  of  Tcmprriiiure. 

ment  diminishes  in  rapid  and  almost  geonu'tric  progression.  The  induced,  damp- 
ing current  is  the  strongiT  the  less  the  resistance  in  the  closed  circuit,  in  the 
presence  of  tlie  danijicr  tlicreforc  the  greater  the  transverse  section  of  the  copper 
ring.  By  mean^;  of  this  damjiing  arrangement  the  monotonous  oscillation  of  the 
magnet  to  and  fro  is  limited  and  the  latter  comes  to  rest  rapidly  and  prompUy 
after  three  or  four  small  oscillations  while  the  observation  la  uiaip  and  mad* 
without  loss  of  timi'. 

So-called  Dutrochet  needles  (II)  art  *  '^ 

These  consi.st  of  German  silver  and  irof 
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ftl  tlieir  points.  Becquerel  i)e«<ties  (]II>  also  mny  he  employed.  These  are  made 
of  the  namic  nmUil.i.  whicli  arc  BotJtrred  tugi-thrr  m  coniinuily.  Thu  iMX'fllot  nitiKt 
be  well  covcrid  upon  tlivir  surfiwy  witli  lirinvn  vnmish  in  Drdcr  that  the  currents 
rcsuUing  from  the  mDUtcniiii;  of  (liiFcivnt  metals  with  the  parcnchyniatous  tluids 
may  not  iaitrfcrc  with  the  iticruio-currcnle  oljutimd.  Belunt  the  invesiiVntiuim 
arc  iiinltrliikcTi  thi-  vxltnl  of  d-c  fleet  ion  "ti  ihi;  scale  to  which  U  definite  rliflcrcticc 
in  temperature  in  Ihe  nL-cdU's  pvcK  rifte.  thii*  nhout  i"  C.,  must  fjirtlii-r  he  deter- 
mined. In  orvJcr  to  do  this  a  sc-nsilivc  thrrmnmeter  is  fastened  by  means  of  a 
lu(j|>  tti  each  of  the  thcnno-need!*s.  which  are  placed  in  >eparale  ml-balh&ol  a 
constant  teni  peril  lure,  though  diff^nnd  by  i'  C,  as  can  be  Hfcii  from  the  thfT- 
mometers.  It  the  ciruuit  i»  now  closed  tfir  drtlcrticin  on  the  scale  will  naturaHy 
COTTCSpand  to  1°.  If.  thus  adiustcd.  the  instrument  txhibitfd  a  deflection  of  ijo 
mm.,  evt^ry  diiiplacciitcat  of  the  scale  of  1  mm.  would  equal  x\t  "  C.  If  thia  hajt 
been  detrnnined.cit.hiirthu  two  thcrrao-rtf.dlts  can  li«  introduced  into  the  different 
tissues  or  organs  of  animals  at  the  same  lime,  and  m  this  -n-ay  information  hi- 
cained  as  to  the  prevailing  diSeraicc*  in  tnii[ii.'rflture  in  tbeae  portions  of  thc 
body;  or  one  of  the  thermo-needlea  is  placed  in  a  bath  of  constant  tt-mperature— 
apprnximatt-Ivihat  of  the  body — in  which  at  thesame  time  thoreisawmntivi-  ther- 
mometer, while  the  other  needle  is  intrcvhiced  into  the  viactiB  to  lie  rxnmined. 
In  this  event  the  difference  in  temperature  between  the  tissue  and  the  constant 
source  (if  heat  is  learned.  For  slight  dirfi-rcnces  in  temperature,  kucIi  ax  uxually 
vxKb  in  the  ti.-nm-s  "f  the  ImhIv,  the  thcrrTn*-«lfi-lric  eniTuy  is  .ilways  proportionate 
to  the  diiTcrencc  in  tcmperalurc  between  the  two  needle  elements. 

It  is  ohvious  tliat  mstcad  of  one  pair  ol  needles  a  multinlicity  may  be  em- 
ployed, Bv  this  means  the  delicacy  of  the  apjiurntuB  natncolly  i.t  materially  in- 
creascid-  Thux,  v.  ilclmhitltz  was  abl«  10  uicrcasc  the  dchc.ficv  of  the  appnratut 
to  the  detection  of  diifrrt-nccs  of  f^'i,^  '  C.  bv  the  employment  of  t6  antimony- 
bismuth  elements.  ScbifTer  constructed  a  thermopile  of  four  pairs  of  needw- 
elementt  in  a  simple  manner  (Fig-  1^5,  IV)  by  soldering  together  alternately 
wires  of  iron  and  German  icilvrr,  ft  is  iiitendtd  that  ftmr  such  elements  should  he 
introduced  into  two  substance's  (A  and  D)  to  be  cxamint-d  for  ditlercnccs  in  tcm- 
iwraturc;. 

TlumwpaipalioM  is  the  name  civen  by  Bcnc):i5i  and  Ji5mis  to  the  following 
method  of  examination:  If  the  linger  be  moved  over  an  uncovered  portion  of  ihc 
tnmk  it  will  be  f^^und  that  the  skm  is  wanner  wer  varts  containini;  air,  such  as 
lungs  and  intestines,  ih.in  over  parts,  nonnal  or  patnological,  not  containing  air. 
The  bound.irien  are  said  to  agree  with  those  determinable  by  percus.-»ion,  but 
this  has  been  disputed.  Naturally  this  difTermcc  can  b«  eBtshltsbed  also  by 
therraometric  examination . 


TEMPERATURE-TOPOGRAPHY. 

Although  a  powerful  tnfluenco  must  be  ascribed  to  the  blood,  on 
account  of  its  constant  movement,  in  the  equalixatian  of  the  temperature 
in  the  different  parts  o£  the  body,  ncvertlicless  an  exact  equalization  is 
never  attaineil,  but  noteworthy  differences  exist  in  diflerent  parts  of  the 
body. 

The  lemperatUTC  of  the  skin  has  been  found  10  be  as  follott-s: 

In  the  middle  of  the  sole  of  the  foot  , . .  ,is.  jft"  C.  J,  Davy  made  these  measure- 
In  the  vifitiityof  the  Achilles  Itaidon.  .  .33.85*0.  mt-ntK  immrdialely  on 
In  the  middle  of  the  anterior  s^iect  of  arising  without  dressing. 

the  leg 33.05"C,  with  the  temperature  of 

In  the  middle  of  the  calf J3.8S*C  the    room    iiC    01"      (Inly 

In  the  popliteal  jpjicr                                   35'       C.  the  inferior  surface  of  the 

In  the  middle  of  the  thigh .  34.40°  C.  bulb    of   a    tlicrniomcicr 

la  the  inguinal  fuld . .   jS.So" C,  oilierwiiie  tovittd  came  in 

Over  the  apox-beat  of  the  heart ...    .  ,  ,  34. +0'  C  contact  with  the  different 

On  the  (ace  in  a  man .        .  31*       C.  f>ortions  of  the  skin. 

At  the  tin  of  the  noee  and  on  the  lobule 

of  the  ear .from  jj"  to»+°C. 

^dooed  axillary  cavity,  the  temperature  ranges,  according  tu  Wunderlich. 
Vl*>3^.a$°;  according  to C.  v.  Liebermcistcr  it  isi^.Sp'C, 
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The  skin  ovcrlyinj;  diuscI(»  »  woriBcr  thvi  thftt  covering  bones  utd  tendons. 
Tht  catMtxeeniK  tMnpcraturc  is  iioinc«'hftt  lower  in  the  aged,  while  in  childreo  it 
Miim  bnw»n  aj"  and  jq"  C. 

Tile  skin  of  the  crimiul  vault  has  a  higher  tvnijit-riiture  in  the  frontnl  and 
imrieial  regions  than  in  the  occipitnl  n-jfion.  Furihrr.  th<?  left  side  is  warnicr  than 
the  rijrfat.     The  trmperattire  of  the  skin  is  increased  b^'  dyspnea. 

V,  LicbernicistiT  employs  ihc  following  iiieihod  in  l^kinfi:  the  tein^^erature  of 
frtre  ciitAneou.s  .•fiirftu'es :  The  liulti  nf  the  ihfrmoinctcr  is  h<'^tjrd  lo  u  potnt  slightly 
iilio\-c  that  of  tlic  tcmpcmture  cxpecicd.  Then  the  fall  of  the  column  of  mercuryj 
is  ohscrvcd  as  Iht  instrumcni  is  held  in  the  air,  and  then  at  the  apparently  appro-' 
prialc  momeiil  the  bulb  is  apnlied  lo  the  surface  of  the  skin  If  the  skin  has  the 
same  temperature  os  the  buln,  the  mereurj*  Riu«t  remaan  stationary  for  a  time, 
For  the  measun-inent  of  the  cutaneous  tempcrBttirc,  it  is  useful  to  cinplo}>  a  spe- 
cially constructed  tbcnnnmrier  with  a  flat  vessel 

The  temp*rature  of  the  cavities  oj  the  body: 

Cavity  of  Lh«  mouth  beneath  the  umgtie . .      ,      ,  ^7.i<)*C. 

Rectum iSor'C. 

Vagina jS.oj"  C. 

The  temperature  of  th«  uterus  ia  somewhat  higher,  while 

that  of  the  cervical  canal  is  somewhat  lower. 
Urine J7-3o'C. 

The  temperature  of  the  stnmflch  falls  durinfr  the  process  of  digestion. 
Cold  rectal  injections  (ii°  C.)  rapidly  lower  llie  teinpcrawre  of  the 
stomach  i°C. 

The  temperalHre  o}  the  blood  is  on  the  average  39*  C.  En  the  internal 
portions  of  the  body  vetiouK  blood  is  warmer  than  arterial  blood,  while 
the  reverse  condition  prevails  in  the  j»cripheral  portions, 


Blood  of  the  right  heart 38.8*   C. 

Blood  of  the  left  heart.  ...  38.6°    C. 

Blood  of  the  aorta .iS.j"    C. 

Blood  of  the  hepatic  veins. -i^'"    <-', 

Blofid  of  the  siipcrior  vt-iiii  cava    ...      .  36,78*  C. 

Blood  of  the  inferior  vi-no  cava 38-1 1*  C. 

Blood  of  the  crural  vein (.. jy.io'C. 


Claude  Bernard. 
G.  V.  Liebig. 


The  lower  temperature  of  the  blood  tn  ttie  left  heart  it  due  to  the  fact  that 
the  blood  is  cooled  in  tholungsin  the  nrcxxu  of  respiration.     Arcordins  to  Heiden* 
hain  and  Kfimcr  Uic  temperature  of  the  right  heart  is  somewhat  higher  because 
it  lies  uiHW  the  warm  liver,  while  the  left  heart  is  surroundi-d  by  llit  air-con l^ninff  i 
lung.     This  fact,  obn-rvcd  by  MalKaignc  in  tSja  and  by  Berser  and  O.  v.  Licbis, 
is  disputed  bv  others,  who  attribute  the  somewhat  higher  temperature  of  the  left 
heart  to  the  fact  that  more  active  processes  of  combustion  taUe  place  in  arterial 
blood  and  that  heat  is  generated  in  the  formation  of  oxyhemoglobin .     In  adjacent , 
veins  or  in  tho<«  of  the  same  name  the  temperature  of  the  bloul  is  gcnemlly  low«r , 
than  in  the  corresponding  arteries,  on  account  of  ibe  greater  amount  of  heat 
fpven  oil  in  the  slower  movement.     Thus,  the  tritii>erature  of  the  blood  ol  tbe| 
jugular  vein  is  fnrjiii  o  $"  to  1°  lower  than  that  of  iltc  carotid:  that  of  the  Mood 
of  ihr  crural  vein  it,  fmm  0.75°  lo  1°  lower  than  that  uf  tlie  crural  artery.    Super-' 
hclal  veins,  particularly  in  the  skin^sive  off  much  heat  ontl  therefore  the  contamed  ' 
blood  has  a  lower  temperature.     1%c  hepatic  veins  coulain  the  wannest  blood, 
39.7*  C.  not  alone  on  account  of    the  glandular  activity  of  tlie  liver,  t>ut  abo' 
on  account  of  the  extntordinanly  protected  situation  of  the  organ. 

Thf  TcmpfraiuTf  of  the  Tissuer. — The  temperature  of  the  individual 
tissties  is  the  higher :  ( i )  the  more  they  contribute  to  the  production  o£ 
heat  through  the  transfonnation  of  potential  energ>'.  that  is,  the  greater 
their  metalxilic  activity;  (j)  the  more  blood  they  contain;  and  (3)  the 
more  protected  their  situation. 

The  mtiselcs  are  the  chiel  seat  of  heat- production.  princii»a]Iy  during 
contraction,  but  also  during  rest.    The  temperature  of  the  blood  in  the 
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aorta  is  from  o.i°  to  0.6°  lower  than  that  of  muscle  at  rest.  In  the 
second  place,  the  glands  generate  heat,  especially  during  activity,  par- 
ticularly the  liver,  the  salivary  glands,  the  glands  of  the  stomach  and 

the  intestines. 

Berger  took  the  temperature  of  different  tissues  in  the  sheep  and  obtained 

the  following  results: 

Subcutaneous  connective  tissue 37-35°  C. 

Brain 40.35°  C. 

Liver 4i.as''C. 

Lungs 4i.4o''C. 

Rectum 40.67°  C. 

The  right  heart 41.40"  C. 

The  left  heart 40-90°  C. 

In  man.  Becquerel  and  Brechet  found  the  temperature  of  the  subcutaneous 
connective  tissue  3.1°  C.  lower  than  that  of  the  adjacent  muscles.  The  temperature 
of  the  cornea  and  of  the  aqueous  humor  depends  in  part  upon  the  state  of  the 
iris.  The  smaller  the  pupil,  the  more  heat  must  they  receive  from  the  vessels  of 
the  iris. 

INFLXIENCES  AFFECTING  THE  TEMPERATURE  OF  HTDIVIDTJAL 

ORGANS. 

The  temperature  of  the  individual  organs  is  by  no  means  constant, 
but  there  are  numerous  influences  that  at  times  cause  it  to  rise  and 
at  other  times  cause  it  to  fall, 

I,  The  more  heat  a  portion  of  the  body  generates  independently 
within  itself,  the  higher  will  be  its  temperature.  As  the  production  of 
heat  depends  upon  the  metabolic  changes  in  the  organs,  it  follows  that 
with  the  activity  of  the  latter  the  degree  of  heat-production  must  keep 
pace. 

(o)  The  glands  during  secretion  produce  much  heat,  which  they 
impart  either  to  their  secretion  or  to  the  outflowing  venous  blood. 

C-  Ludwig  found  the  temperature  of  the  escaping  saliva  on  irritation  of  the 
tympanico -lingual  nerve  1.5°  C.  higher  than  that  of  the  blood  passing  through 
the  glandular  artery  to  the  secreting  organ.  The  temperature  of  the  venous  blood 
in  the  secreting  kidney  is  higher  than  that  of  the  arterial  blood.  The  secreting 
liver  in  particular  produces  a  large  amount  of  heat.  Claude  Bernard  studied  the 
temperature  of  the  blood  in  the  portal  vein  and  of  the  blood  in  the  hepatic  veins 
during  hunger,  at  the  beginning  of  digestion  and  at  the  height  of  digestion,  and 
found 

Temperature  of  portal  vein 37-8°  C.  1  After  fasting  for  four  days.     Blood  of 

hepatic  veins. ..  .38.4°  C.  /     right  heart  during  fasting  38.8°  C. 
Temperature  of  ^ort^al  ™u^^.  .  .  .  ,3..,°  C.  ,  ^,  ,,^  ^^,„,„^  ,,  digestion. 

Temperature  of  portal  vein 39-7°  C.  \  At  the  height  of  digestion.     Blood  of 

hepatic  veins 4i.3°C.  j       right  heart  during  digestion  39.2"  C. 

In  dogs  feeding  or  chemical  or  mechanical  irritation  of  the  gastric  mucous 
membrane,  and  even  the  holding  of  food  before  the  animal,  brought  about  elevation 
of  temperature  in  the  stomach  and  the  intestines. 

(b)  The  muscles  produce  heat  in  their  contraction.  J.  Davy  found 
the  temperature  of  active  muscle  higher  by  0.7°.  Becquerel  observed  in 
1835,  by  means  of  the  thermo-galvanometer,  an  increase  of  i  °C.  in  the 
temperature  in  the  interior  of  a  contracting  muscle  in  man  after  five 
minutes. 
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Therefore  the  temperauire  Id  tan  namers  may  rise  above  40°.  The  incfeai 
in  temperature  fitllotvini;  vigiirntui  muEciil»r  lu-tiviiy  disijificArs  aUiut  une  and 
a  half  lioarH  afwr  thf  unnincmcnKTit  of  tv%1.  Tlie  Iomit  U-mpcraturc  of  par- 
atyxed  muscles  is  due  only  in  part  10  tlic  aLacncc  o(  muscular  ciwuractions. 

(c)  With  reterencc  to  tlie  influence  of  the  sensory  ncnfcs  upon  the 
temperature  it  should  in  the  first  place  lie  noted  whether  the  eircu- 
lution  is  iiicrcasod  or  diminishcti  as  a  result  of  their  stimulation, 
whether  respiration  is  slowed  or  accelerated,  and  whether  the  muecula- 
Xun  of  the  body  is  relaxed,  or  is  ictiniulated  to  activity  through  reflex 
influences.  In  the  first  place  the  temperature,  in  the  interior  of  the 
body  and  the  rectum,  will  he  increased,  and  in  the  latter  diminished. 
From  this  point  of  view  the  conflicting  statements  not  rarely  made  can 
be  reconciled. 

(J)  The  bodily  temperature  rises  also  (aliout  0.3")  as  the  result 
of  mental  activity.  The  brain  itself  acquires  a  higher  temperature  in 
consequence  of  Rcnsnrial  or  sensory  stimulation. 

{e)  The  parenchymatous  fluids,  the  serous  fluids  and  the  lymph 
generate  hut  little  heat  within  themselves  by  reason  of  the  slight 
metabolic  dianges  that  take  place  in  them,  and  acconJingly  their  t«m- 
ppr;iture  is  that  o(  their  environment.  The  epidermoidn!  and  homy 
tissues  produce  no  heat  at  all,  and  therefore  maintain  their  temperature 
from  the  subjacent  tissues. 

3.  The  temperature  of  an  organ  depends  upon  the  amount  of  blood 
it  contains,  as  well  as  upon  the  time  within  which  the  volume  of  blood 
is  renewed. 

This  is  seen  moat  distinctly  in  the  diilerencei  in  temperature  ben-een  eo!d, 
pale  skin,  and  warm,  reddi^ncd 'skin . 

When  Becquerel  and  firechi^t  compressed  the  axiUsr>'  snery  in  a  man,  the 
tem()erati»re  in  the  interior  t»(  the  liicepn  muMrIc  i>f  the  ami  M!  tevcral  tcntlii  of 
s  dcKn."c  After  HKat-imi  of  tht-  cniral  arttrv  and  vt-in  iii  Hoks  I-iiuiois  oliscrved 
the  ti-rapcraiurc  decline  several  degrees.  Long  con  tinned  elevation  of  the  ex- 
tremitits  deprivi-s  them  of  bloixi  and  cauws  iheni  to  become  colder. 

Attctitvou  shoulJ  Lc  c;illcd  ut  this  point  to  n  difference  betwi-en  the  internal 
and  external  portions  of  the  liody,  which  is  especially  cinphn*iKe'l  by  v.  Lieber- 
meister.  The  external  portions  of  the  b<»Jy  gi\'e  off  fnon-  heat  to  the  exterior 
than  they  gcneratt-  witllin  themselves.  They  will,  therefore,  be  the  cooler  the 
more  sloAlv  the  blooO  Hows  into  ihera;  and  the  w.trmer  the  more  rapid  the  titood- 
cummt,  Acoeletiilkin  of  the  blood-nirrent,  thvi^forc.  willcati*e  i:reateTimiformity 
in  temperature  between  the  nenphera!  portions  and  the  interior  of  the  body, 
while  rertanlation  of  the  blood -curifnt  causes  sieatcr  uniforniity  in  temji'mture 
between  the  pcripheml  iKw-lions  of  the  l»ody  and  the  Mirrtnimlinjc  medium,  The 
internal  portions  of  the  body  iCACt  in  cxiu:tt>-  the  opposite  manner.  Here  active 
.  productir>ii  of  beat  taUcs  place,  while  heat-dissipation  •>ecufa  alino«t  solely  through 
the  bloyit-curimt.  The  teinjHTwturi.'  in  these  parts  mu-il.  thercr-ne,  (all  when  the 
blood-eurrent  1.*  accetemted,  luid  the  reverse.  From  this  it  (ollows  that  th« 
neater  the  ditfeivtier  in  tt-mptTaturp  Iwtwcen  the  periphery  And  the  interior  of 
toe  body,  the  less  is  the  rapidity  of  the  circulation. 

3.  If  the  situation  of  an  oi^an  causes  it  to  lose  much  heat  by  con- 
duction and  radiation,  or  if  other  conditions  bring  about  the  same  result, 
the  temperattjre  of  the  organ  declines. 

In  the  fint  pincc  the  skin  is  again  to  be  mentioned  in  this  connccUon,  as  it 
must  exhibit  a  different  temji^TatJire  aecordtnglv  «b  it  te  exposed  to  colder  or 
warmer  surroundings,  or  is  covcn-d  or  not,  or  is  (fry  or  moistened  by  ponptnUion 
fin  the  evaporation  of  which  heai  is  liMtl.  Thf  tiiir>-<[iriti  of  lonsideraole aroounia 
of  cold  food  and  dnnk  must  cauw  the  U-mjienr  '  k'Ii.  and  lite  mhaJa- 

tion  of  cold  air  mu.ot  c^nse  that  of  the  respii  <  'o  10  Ihi-  bmncbial 

tree,  lo  fall. 
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MEASUREMENT    OP    THE    VOLUME    OF    HEAT:    CALORIMETRY. 

The  calorimeter  furnishes  ]iiftjnna.tion  as  to  the  iiinount  of  iieat  tliat 
the  body  to  be  exainineii  jiKSsesses  or  U  c^ipahle  ni  producing.  The  heat- 
unit  or  colon',  that  is  the  amount  of  kinetic  energy  that  is  capable  of 
raising  the  temperature  of  one  gram  of  water  i*  C.  is  employed  as  the 
unit  of  measure. 

£xperinu-ni  hA$  shown  that  equal  amounts  of  ditTcrcnt  bodies  r(.'quin-  unciiuBl 
amounts  of  heat  in  order  to  attain  the  same  temperature.  For  insiancp  i 
kilo  of  wati^r  requires  nine  limrit  as  much  heat  as  i  kitu  of  iron  to  attain  iht  &atne 
ItfTiiiierature.  Wherever.  ihtTcfiire,  dilTiTciit  mHtcrials  with  c<|ual  tcnii)frMture« 
are  foiin<l,  each  will  be  endowed  with  different  amounts  of  heat.  The  scunc 
amount  of  heat  imijarlcd  to  different  todies  will,  thua,  also  produce  different 
U'lnperutuivs  in  thvin.  On  thf  uthtrr  hand,  bvdics  naturally  of  uiffcrvnt  temuera- 
ture  may  pOKx«jw  equnl  umountu  of  htnt.  The  Atnnnnt  nf  heat  that  a  definite 
amount  (as,  for  instance,  i  gram)  of  a  bo<iy  «quirw8  in  order  to  hAVf  its  tcmptra- 
lure  raised  a  definit*  amount  (as,  for  instance,  i"  C).  is  designated  the  specific 
heat  of  tliat  body.  The  Ktievitie  heat  of  water,  whie.h  pocKentes  the  greatest  of  all 
IxirltCK,  is  placeil  ut  t,  ntal-riipac-ily  i*  ihe  tvrm  applied  to  that  property  of 
bodies  by  means  cif  which  they  arc  required  to  take  up  a  varj-mg  amount  of  lieat 
in  order  to  maintain  the  aame  tcmpcraturc. 

Calorimctry  is  employed : 

For  the  detemjination  of  the  specific  Iieat  of  the  (Jifferfnt  organs 
of  the  body.  But  few  observations  in  this  connection  have  as  yet  been 
recorded . 

The  si>ecific  heat  of  a  number  of  animal  parts,  as  compared  with 
t  hat  of  water  as  i ,  is  as  follows : 

HEood  from  man.on  thft  average,  t.oj    (')  M<^at  from  man,  on  thcav«ragfr.  .  -0,741 

(itisin  proportion  to  the  num-  Compact  bone o.^ 

ber  of  i-Tj'throcyies)  Spongy    bon« o.;i 

Arlchal  bliioil.  on  ihi- avemg*.  .  1.0^1  (?1  Fat o,;u 

Venous  blood,  on  the  average  .    o.8«j(n  Striated  muscle    0.815 

Cuw's  milk,  on  the  average    ...0.(191  Dcfibrinated  blood ,...^•■■'0.917 

The  specific  heat  of  the  htiman  body  as  a  whole  is  thus  only  ap- 
proximately that  of  an  equivalent  weight  of  water. 

For  the  method  of  determinins  ihe  specific  lieat  of  solid  or  liquid  bodies 
works  on  physics  should  be  coiiHulu-d. 

More  important  is  the  employment  of  calorimoiry  for  the  estima- 
tion of  the  amount  of  heat  that  either  the  entire  body  or  an  individual 
portion  is  capable  of  pmducing  in  a  definite  period  of  time, 

Lavoisier  and  Laplace  made  the  first  calorimetric  observations  on  animals  in 
17&0.  with  the  aid  of  the  ice -calori meter  A  gvinca-piK  melted  13  uuncea  of 
ice  in  10  hours.  Crawford  in  1779  and  tattr  Dulimg  and  Drspri-t*  in  t£ji 
employed  for  this  purpose  the  waicr-caloriracicr  of  Rumford  -after  which  that 
o(  Favre  and  Sillicniiariu  (Fig.  113)  is  modclvd.  Small  animals  were  placed  in 
the  interior  chnntber  (K)  made  of  t bin  co^iper  and  thi*  waa  tirmierved  in  a  larve 
volume  of  w.iter  fsiirrounded  by  a  poor  cf^ductor  of  heat.  The  amount  of  the 
surrounding  water  and  its  initial  temperature  wero  Icnown  From  the  elevation 
of  temperature  at  thf  Jermination  of  the  experiment,  wliich  lasted  several  hours, 
thentiinbcrof(-;ihirie«  fumishifd  cimld  be  directlv  estimated.  The  air  for  breathing 
was  supplied  10  the  animal  through  a  special  tu&r  from  a  gasometer.  The  expired 
zases  were  examined  chemically  for  carbon  dioxid. 

According  to  Dex]iretK,  a  small  hitch  generated  14.610  heat-units  in  an  hour — ' 

.)9j.oao  in  twenty-four  hours.     The  titking  of  the  tempfrnfurc  of  the  animal  l>etore 

*Qd  after  the  experiment   was  carelc^ly  emitted.     Assuming  equal   metabolic 

"^ivity,  a  human  being  about  seven  times  heavier  would,  <fn  the  basis  of  this 

vation,  produce  in  the  neighborhood  of  », 750,000  calories  in  iwenty-four 
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houn.     Senator  found  Uut  a  dog  wrigliing  6330  grams  producrd  15.370  calorics, 
with  a  lo«fi  of  3.67  grams  o(  carixm  dioxid. 

An  adult  man  produces  at  rest  in  iwenty-four  hours  3,400,000 
calorics,  therefore  100,000  in  an  hour,  One  kilogram  of  body-weight 
produces  in  twenty-four  hours  approximately  ^4,000  calories,  therefore 
14.17  in  an  hour.  These  figures  inerea&e  witli  increase  ia  the  total 
nietabolism  and  also  with  functional  activity. 

The  first  ealorimetric  obeervations  on  man  were  made  hy  Scfaarling  in  1849 
heydea  imroducud  tfa«  leg  alone  into  th«  chamber  of  the  cnlonmeler,  "Hiis  rais^ 
the  temijcraiure  of  6600  erains  of  walcr  1*  C,  in  an  hour.  If  it  be  assumed  that 
the  tot»l  Etipcrticics  of  the  body  is  about  tificcn  times  a«  great  ax  th.it  of  the  Ir^ 
the  buinan  body,  a&suniing  equal  loss,  would  produce  1.37A.000  calorics  in  twenty- 
four  hours. 


HEAT-CONDUCTION  OF  ANIMAL  TISSUES. 
EXPANSIBILITY    OF    ARIHAL    TISSUES    BT    HEAT, 

The  heat-cogduction  of  animal  titisues  is  principally  of  importance 
in  relation  to  the  >irrangement  of  the  external  tntc]^ment  and  the  sub- 
cutaneous f.itty  tissue,  The  latter  especially  serves  as  a  protecting 
shield  in  wann-blooded  animals  living  in  cold  waler  (whale,  walrus,  seal) 
and  through  this  abstraction  of  heat  by  means  of  conduction  from  the 
interior  nf  the  body  is  practically  impossible.  Few  invesitigations  have 
been  made  upon  this  question.  Grciss  in  1870  determined  the  con- 
ductivity of  the  following  tissue.s  by  noting  the  distance  from  a  central 
source  o(  heat  introduced  into  the  tissues  at  which  was  melted  a  layer 
of  wax.  He  studied  the  stomach  uf  sheep,  the  bladder  of  oxen,  the 
skin  of  cattle,  calves'  feet,  the  hoofs  of  oxen,  the  bones  of  oxen. 
tile  horns  of  buffaloes,  the  antlers  of  deer,  ivory,  mother  of  pearl  and 
haliolis-sliell  (sea-snail).  He  found  that  fibrous  tissues  conduct 
better  in  the  direction  of  their  libers  than  at  right  angles  to  their 
course.  The  figures  formed  by  the  melting  wax  upon  tissues  spread 
out  over  a  wide  area  were  therefore  generally  elliptical.  Landois  has 
made  observations  upon  a  number  of  human  tissues  by  determining  the 
melting-distance  of  a  layer  of  paraffin  from  a  thin  test-tube  filled  con- 
slantly  with  boiling  water  and  applied  intimately  to  tissues  in  layers 
of  equal  thickness,  and  subsequently  applied  on  the  flat  and  supported 
by  threads.  Desiccation  was  avoided,  and  also  the  effect  of  radiant  heat, 
Landois  was  able  to  confirm  the  fact  of  the  better  conduction  in  the 
direction  of  the  libers.  Next  to  bone  the  best  conductor  was  found  to  be 
blof>d-clot:  then  there  followed  successively  spleen,  liver,  cartilage,  ten- 
don, muscle,  elastic  tissue,  nails  and  hair,  anemic  skin,  gastric  mucous 
membrane,  washed  librin- fibers.  The  great  thermic  conductivity  of 
the  blood  as  compared  with  the  much  lower  conductivity  of  bloodless 
skin  is  of  particular  interest.  In  this  way  is  explained  the  fact  that  but 
little  heat  is  dissipated  by  anemic  skin,  while  li>7)ercmic  skin  conducts 
and  gives  off  a  much  larger  amount  of  heat. 

Like  all  bodies  the  human  body  undergoes  expansion  at  elevated 
temperatures.  A  man,  weighing  60  kilos,  will  expand  about  6j  cu.  cm. 
with  an  increase  of  his  bodilv  temperature  from  37"  C.  to  40*  C.  Of 
the  different  tissues,  connective  tiwue  <tcndon)  is  expanded  by  heat, 
while  elastic  tissue  and  skin  are  contracted  like  rubber. 
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VARUTIOHS    IN    THE    MEAN    BODttY    TEMPERATUKE. 

General  CUmaiic  and  Somatic  htfltievccs. — The  bodily  teuipcrature 
remains  on  the  whole  constant  within  different  climates.  This  is  note- 
wonhv'  if  it  be  crmsidered  that  a  human  being  at  the  equator  and  in 
the  polar  regions  is  exposed  to  surrounding  temperatures  that  differ  from 
eath  other  by  more  than  40"  C.  Further,  it  has  been  observed  that  when 
SL  person  pasBes  from  a  warm  to  a  ctild  chmate  his  temperature  declines 
but  little,  but  that  when  on  indi\'idual  passes  from  a  cold  to  a  hot 
region  his  temperature  ri.ses  relatively  in  more  considerable  degree.  In 
the  temperate  zone  the  bodily  temperature  in  the  cold  winter-season  is 
usually  from  0.1°  to  0.5°  C.  lowerlliaii  on  hot  summer  days.  The  elevation 
of  a  region  above  the  level  of  the  sea  has  no  demonstrable  influence 
upon  the  temperature.  Race  and  sex  cause  no  difference.  Persons  of 
vigorous  constitution  are  believed  to  have  a  somewhat  higher  tempera- 
ture in  general  tlian  debiUtatcd,  Sabby,  anemic  persons. 

Inflttence  of  Ihf  General  Metabolism. — As  the  production  of  heat 
is  related  to  the  breaking  up  of  chemical  combinations,  from  which,  iii 
addition  to  the  formation  of  water,  carbon  dioxid  and  urea  finally  result 
as  the  most  important  excrcmcntitious  products,  the  amount  of  heat 
generated  will  keep  pace  with  Ih*;  total  production  of  those  bodies  formed. 
The  increased  metabolic  activity  that  sets  in  after  a  heavy  meal  causes 
an  elevation  of  several  degrees  in  temperature.  As  the  general  mctalxil- 
itm  is  naturally  much  less  on  days  of  fasting  than  nn  days  on  which  a 
nonual  amount  ol  food  is  taken,  it  is  clear  that  in  human  beings  the 
temperature  will  be  found  to  be  on  the  average  36.6°  on  fasting  days 
and  JT-ij'C.  on  ordinary  days. 

Also  Jurgenacn  £ound  in  human  beings  on  the  first  day  of  inanition  a  reduction 
in  the  ten]pera.tnre,  Although  on  the  xecond  duy  u  trMuitory  elevation  occurred 
In  experimetits  on  fasting  nnimalK  it  was  fatinil  that  the  t^mpcmttirv  dpcliiicil 
much  at  first,  then  for  ■  considerable  tini«  remained  pretty  constant,  and  ftnAtly 
in  the  last  days  declined  stiU  further.  Schmidt  subjected  a  c^t  to  <ita^^'alio^, 
and  found  that  up  to  the  fiftci-nlh  il.ny  the  temperature  was  3 6  6"  C, ;  on  ihr  six- 
teenth day  it  woa  38.3".  on  xhe  scvemccnlh,  ^7.64°,  on  the  eighteenth.  ,158",  on 
the  nincu-enth.  the  oay  of  death,  ^j"  C.  Chossat  found  the  temperature  of 
mAimn^s  and  birds  16°  C.  lower  on  the  day  of  death  from  starvutiun  than  \uider 
normal  coo  dit  ions. 

JnfUteiiet  of  Ag,e, — The  activity  of  the  general  mctalrolism  must  be 
in  part  responsible  for  the  temperature  of  the  body  at  different  ages,  but 
other  intluences  of  undetermined  origin  may  also  in  part  be  contributory. 
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The  temperature  in  the  oew-bom  exlubits  special  peculiarities,  such 
as  would  be  readily  explicable  from  the  sudden  change  in  the  conditions 
of  life.  Imincdiatel)'  after  birth  the  tcmpL-raturc  of  the  child  is  on  the 
average  0,3"  higher  than  that  of  the  vagina  of  the  mother,  namely 
37.86*'  C.  In  the  6r8t  hours  after  birth  the  temperature  ric(;hncs  about 
0,9*  C.  ill  conjunction  with  the  reduction  in  gaseous  interchange.  After 
from  nine  to  thirty-six  hours  it  will  again  have  risen  to  the  average 
temperature  of  the  infant,  which  is  about  37.45°  C.  Certain  irregular 
fluctuations  occur  during  the  first  week  of  life.  During  sleep  the  tem- 
perature in  infants  declines  between  0.54°  and  0.56°  C.  Persistent  crjnng 
may  cause  the  temperature  to  rise  several  tenths  of  a  degree.  Less  heat 
is  produced  in  the  aged  on  accnunt  of  their  lesser  activity  of  metabolism, 
fio  that  they  suffer  more  readily  from  cold  and  therefore  need  wanner 
clothing. 

Prriodu:  mriatiOHs  in  the  course  of  lite  day  are  constant  at  all 
periods  of  life.  In  general,  it  may  be  stated  that  the  temperature  rises 
continuously  by  day,  the  maximum  being  reached  between  5  and  8  p.  m, ; 
while  it  declines  continuously  by  night,  the  minimum  being  reached 
between  2  and  iS  a.  m.  The  mean  temperature  of  the  Ixjdy  is  found  in 
the  third  hour  after  breakfast.  The  average  level  of  all  the  temperature* 
observed  in  a  person  in  the  course  of  a  day  is  dettignaled  the  daily  mean, 
which,  according  to  jAger.  is  37.13"  in  the  rectum.  If  the  daily  mean  is 
above  37.8°  it  must  be  considered  as  febrile,  and  if  below  37°  as  an 
evidence  of  collapse. 

Ai:  the  daily  variatioru  in  Cumnerature  nccur  aUo  during  the  state  of  hun^«r. 
althuucli  the  elevations  are  somewhat  lew  after  the  timr  lor  inv«l4.  the  ingcsiion 
ot  forxl  caiuiot  alone  be  the  cauNe  of  the  varialioiK.  but  thes«  appear  10  mid* 
eewntially  In  lh«  viir>'ing  dcgtrc  of  muscular  aciivily 
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Thr  exiTttlion  of  carbun  dioxid  fnim  hoar  to  huur,  abo  the  tbtily  variation 
in  ihc  pulsc-frrqurncy.  almost  coincides  with  tliu  tcmpcrAturc.  v.  Barenxprung 
found  ilmt  thu  miit-da)'  maxiinvm  temperature  somcwliai  preceded  tlio  maxi- 
mutti  puUe. 

If  a  person  sleeps  by  day  and  performs  all  of  his  other  Jaily  duties 
by  night,  the  typical  course  o[  the  tempera ture-cur%'e  descnl^d  may  be 
inverted.  The  variations  arc,  therefore,  dependent  upon  the  state  of 
activity  With  respect  to  the  state  of  activity  orof  re«tnf  the  individual, 
the  temperature  of  persona  artive  during  the  day  appears  in  general 
higher  and  during  llie  night  in  general  lower  than  ui  a  person  at  rest. 

The  peripheral  portions  of  the  body  alxo  exhibit  mure  or  less  regular  variations 
in  temperature.  In  the  palm  o£  thf  h«nd  the  course  in  somewTial  as  fotlow-a: 
Aftt-r  A  rclaiivvly  hi;;h  tcmtierAture  during  tho  night  ii  rnpid  full  m.'(s  in  in  the 
mominp  at  six  o'clock,  which  reiichrs  its  lowest  hctwci-n  g  »nH  to  o'clock. 
Then  there  follows  a  slow  ascen:,  which  reaches  its  maximum  after  (hi;  midday 
meal  Between  t  und  3  o'clock  llie  temiierature  begins  tu  decline,  and  the  lowest 
level  »  reached  in  the  cnur«e  of  two  or  thn-e  houm.  Between  6  and  S  there  is 
again  a  rise,  and  tinalt>'  a  decline  toward  morning.  A  rapid  full  of  the  temperature 
at  the  periphery'  currc^onds  with  a  rise  in  the  interior  of  the  body. 


.urronlifis 


tm.  136, — VartiuciBi  in  shr  Baiity  I  cinivniurc  durtnit  llEiJlh  wilhin  I'lccniv  loiu  Honn.    L. , 
lu  v.  Licbcrtnculcr,     J  uuiiiUuji  lu  Juisciucn 

Certain  operations  upon  the  body  cause  variations  in  temperature. 
After  venesection  the  temperature  at  lirst  falls.  Then  it  rises  several 
tenths  of  a  decree  with  c-hilUness,  In  the  first  days  it  falls  again  to  the 
prcviou.'i  level  and  even  somewhat  below  this.  Profuse  acute  hemor- 
rhage causes  a  reduction  in  temperature  of  from  0.5'  to  3"  C.  while 
long-continued,  extensive  Hemorrhage  may  cause  in  dogs  a  reduction  to 
as  low  as  31"  and  39°  C. 

Here  the  reduction  in  uxidalion-T]mce»»a:s  in  the  ttMucnt  the  feat  of  Icsacned 
metabolic  actirity  in  consequence  of  the  hcmorrhAKe  and  the  enfeebled  circulatioti 
obviously  constitute  the  eaust^  of  llie  reduction  in  ti^mjicnit ure  Analogous  condi- 
tions of  (liminishcd  metaboliBm  can  be  brovight  nbout  if  the  peripheral  extremity 
of  thff  divided  vnpis  is  irritated  for  about  an  hour,  in  that  tht?  heart  litnt  beeomea 
extnrmcly  tlow.  jind  in  conjunction  with  it  the  eiiurt-  cirx-vlstion.  Thus  Landois 
va6  able  to  reduce  the  temperature  in  rabbits  several  degrees  within  a  short  time. 

After  every  translusion  of  any  considerable  amount  of  blood,  begin- 
ning about  half  an  hour  after  the  operation,  the  temperature  rises  to  a 
marked  (cbrile  attack,  which  will  have  subsided  in  the  course  cf  several 
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hours.    Direct  transfusion  from  an  artery  to  an  adjacent  vein  in  the 
same  animal  excites  the  same  phenomenon. 

(7eTlain  ppisoiis.  particularly  chloroform,  chloral  and  other  anes- 
thetics, as  wctl  as  alcohol;  further,  di^talis.  quinin  and  others,  cause 
reduction  in  temperature.  These  substances  appear  in  part  to  render 
the  tissues  less  suited  (or  th«  molecular  decomposition  necessarj'  for  the 
generation  of  heal,  [n  the  case  of  the  anesthetics  it  is  possibly  a  con- 
dition of  the  latter  kind  within  the  structure  of  the  ner\'e  that  furnishes 
the  cause,  fn  part,  hofl-'cver.  they  may  also  have  an  influence  upon 
those  processes  that  control  the  dissipation  of  heal  from  the  body. 
Other  poisons  cause  elevation  of  temperature  from  opposite  causes. 

Stn'chnin.  nicotin,  picrotnxin,  vrrnlhn,  Inudatiin.  chiim^  rlcvfttion  of  tbo 
bodily  temperature  TTio  lowest  temperature  temin.iting  in  recovery  obe^rvM] 
was  34"  (1)  C.  in  the  rectum  of  «  profoundly  intoxicated  individual- 
Reduction  in  temperature  in  connection  with  dtifoif  is  due  either 
to  diminished  heat-pmr3uction  (reduction  in  metabolic  activity),  or  to 
increased  heat-dissipation. 

Marked  reduction  in  tcmpcratuj'c  in  individual  instances  (between  31°  and 
37.5"  *iid  down  l«  at"  C.  m  the  ftntu)  ha«  be«n  ol»cr^'*d  particularly  in  caws  of 
paralysis,  in  one  of  n-bich  Reinh^ird  found  a  rectal  temperature  of  as  low  as 
aa.S*  C-  four  and  otie-half  hours  l>i'(i>n'  death.  The  lowrxt  temperature  observed 
cdie  day  before  death  was  33°  C.  in  the  anus  in  a  case  of  hi^norrfaxge  into  the 
medulla  oblongata.  Als»  io  cases  of  diabetes  a  reduction  in  temperature  below 
30"  C.  has  been  observed. 

Elevation  of  temperature  is  exhibited  ns  a  rule  in  connection  with 
fever,  the  highest  temperature  being  obscr^'cd  by  Wunderlich  before 
death.  44-65*  C. 

REGULATIOF  OP  THE  TEMPERATURE. 

As  human  beings  and  other  homoiothemiic  animal.';  are  capable  of 
maintaining  their  bodily  temperature  at  the  same  level  under  varying 
conditions,  the  body  must  possess  special  mechanisms  by  means  of  which 
the  heat-econoray  is  subjected  to  constant  regulation.  The  latter  can 
obviously  make  itself  effective  in  two  directions:  cither  by  control  of  the 
amount  of  molec\tlar  transformation  through  which  potential  energy  is 
transformed  into  the  kinetic  energy  of  heat,  or  by  influencing  the  dissi- 
pation of  heat  from  the  body  in  accordance  with  the  production  or  the 
effects  of  external  agencies. 

R«g.ulatory  Mechanisms  Govcrnitif:  Heat- production . 

C.  V.  Liebermeisler  estimated  the  heal -production  of  a  medium- 
sised  person  as  1800  calorics  per  minute.  U  is  in  the  highest  degree 
probable  that  mechanisms  are  operative  in  the  body  upon  whose  stimula- 
tion the  amcmnt  nf  ]ie,it-pniriucing  molecular  transformation  is  depen- 
dent. It  .should  especially  be  home  in  mind  that  this  stimulation  U  o( 
reflex  origin,  Irritation  from  the  peripheral  extremities  of  Uie  cutane- 
ous nerves,  ihnmgh  thermic  excitation,  or  of  the  nerves  of  ihe  intei- 
tines  uiid  of  ibc  <ltgestive  glands,  through  mechanical  or  chemical 
stimulation  during  the  process  of  digestion  or  during  inanition,  may 
be  transmitted  to  q  heat-center,  from  which  an  influence  is  exerted 
through  centrifugal  fibers  upon  the  resen-ntr  for  potential  energj-,  for  the 
purpose  of  stimulating  either  increased  or  diminished  metal»olisin.  Little 
is  as  yet  known,  however,  concerning  the  nervous  apparatus  and  chan- 
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nelK  tieoessarj'  for  the  maintenance  of  this  bypotbesis.  Nevertheless, 
numerous  phenomena  indicate  that  such  a  \*iew  is  not  unjustifiable. 

InveKtigntion  has  as  yet  fumifhed  nn  adequate  evidence  ao  \a  the  existence 
of  a  henl-ccntw.  Tschetschcchin  nnd  Namiyn.  as  wrll  as  Ott  ami  WnotJ  rcornily. 
assume  the  cxLttvncc  in  the  brain  (according  to  Ott  in  the  anlprior  portion  of  the 
optic  thalamus)  of  a  center  that  is  supposed  to  exert  an  inhibitory  el^ect  upon 
the  comliu!rtjon-procesw;s  in  tbe  Ijod^  tnnmzh  filiem  thjit  descend  ihrcugh  the 
pons,  medulla  and  cord:  and  accordingly  dcstruciion  of  this  cr:ntcr  or  its  con- 
ducting patha  would  cause  increased  heat-production.  Aronaohn  and  Saclu  ob- 
served ininaitor>'  rise  of  temperature,  tvith  increased  utctabolism.  afttir  deep 
ptincture  of  the  rabbit's  brain  several  millimeters  to  one  «ide  of  and  behind  the 
anterior  fontanel,  Injtin'-s  of  the  caudate  nucleus,  optic  thnlamue,  corpus  cal- 
loeum,  septum  luddum  and  trigone  also  caiue  similar  phenomena  Ccinfirmatory 
evidence  is  givfcn  by  Richet.  who  attnbutes  tliis  elevation  of  temperature  to  in- 
creased heat-pHniiicii  on  The  snimiild  eat  more,  yet  lose  fiesh  Repeated  cerebral 
puncture  eventually  induces  marasmus,  reduction  in  tempcratiin:.  as  low  as  in', 
and  death.  Centers  with  an  opposite  function,  namely,  stimulating  heat-produc- 
tion, are  Aui<l  t(i  \ic  situated  in  the  caudate  nucleus,  in  the  cmy  mintancc  of  the 
septum  lucidum  and  in  the  gray  matter  in  front  of  ana  below  the  caudate 
nucleus  and  in  the  tubir  cinercuni.  After  high  division  of  the  s[final  cord  heat- 
regulation,  heat-production  and  heat-ditsipation  are  disturbed. 

The  regulatory  mechanisms  governing  heat -production  can  be  recog- 
nized  from  the  following  phenomena: 

I.   As  a  result  of  the  moderate, Iransiton.'  influence  of  mid  the  hodily 

kperaturc  rises,  while  as  a  result  of  the  like  influence  of  heat  upon  the 
extema.1  integument  the  temperature  declines. 

a.  Heat- production  is  increased  by  reduction  of  the  surrounding 
temperature,  while  the  excretion  of  carbon  dioxid  and  the  consump- 
tion of  oxygen  are  at  the  same  time  increased.  Heat-production  is 
diminished  by  increase  of  the  surrounding  temperature.  The  produc- 
tion of  carbon  dioxid  takes  place  prindpally  in  the  muscles,  without 
contraction  necessarily  taking  place  at  the  .liame  time. 

Human  beings  gencrato  at  o*  C.  about  twice  as  much  heat  aa  at  a  surrotmding 
.tfmperature  of  30'  C.  D.  Finkier  found  in  expenmi^nts  on  guinea. pigs  that  the 
pnauctioii  of  heat  is  more  than  doubled  in  vicoroun  oniniaiii  in  coiiacqueiice  of 
a  reduction  in  the  jnirrcnrndinE  tempcraHiic  of  about  aj"  C,  'JTms.  during  the 
winter  the  metabolism  of  the  guinea-pig  was  increased  about  ij  per  cent,  as  com- 
pared with  the  summer.  It  thuu  caused  an  alteration  in  heat- pro  duct  ion  in 
{general  that  is  entirely  analogous  to  that  resulting  from  lowering  of  surrouad- 
mg  temperature  of  shorter  duration. 

C.  Ludwig  sad  Sanders- Ksn  have  observed  in  rabbits,  when  the  surrounding 
temperature  was  reduced  from  38"  C.  to  6"  or  ;",  a  rapid  increase  in  the  elimination 
of  carbon  dioxid.  Conversely,  thi»  wax  diminitihed  in  nnimali:  mt  the  surrounding 
temperature  was  raised  from  Iwtwecn  4"  and  9'  to  from  35°  to  37'.  The  thermic 
stimulation  of  the  surrounding  temperature  must  thus  have  had  an  effect  also 
upon  the  combustion-processes.  In  accordance  witli  thin  fact  is  the  observation 
of  Pfliigcr,  who  found  mcrcascd  consumption  of  oxygen  and  increased  elimination 
of  carbon  dioxid  in  rabbits  that  had  been  immersed  in  cold  water.  When  the 
influence  of  the  cold  was  so  ))rufouiid  tliat  the  bodily  temperature  fell  as  low  aa 
Jo",  the  gascuus  interchange  also  ditninished,  and  if  the  exposure  continued  until 
the  temperature  fell  to  jo"  the  inlercliangc  becnmt^  only  hdlf  of  the  normal.  If 
mammals  sltv  placed  in  a  warm  bath  whose  temperature  exceeds  that  of  the  body 
by  a°  or  3"  the  elimiiialion  of  carbon  dioxid  and  the  constunption  of  oxygen 
increase  in  consequence  of  a  Ktimulaiiuii  of  the  metabulic  processes.  The  eliinina- 
tjon  of  urea  also  increases  from  the  same  caiise. 

•  i  3.  The  apphcation  of  cold  to  the  extcma!  integument  causes  in  part 
involuntary  muscular  movement  (shivering) ,  in  part  voluntary'  muscular 
movement.    As  a  result  of  both  heat  is  produced. 
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Cold  thus  stimulatcti  muscular  activttjr.  which  is  attended  with  oxidatioB- 
proceSMS.  In  huouui  beings  muscular  activity  induces,  ia  addition  to  incrcacet) 
DCtit-productioii.  alftv  iii^^reast^d  hi;at-(]i»ipati'^).  Thv  latter,  however,  bccomeC 
I6M  on  concluumi  of  th«  activity  thuii  it  hnd  bfcn  hcfor^.  Aft«r  ftdmisiirtTatiDa 
nt  curare,  whieli  paraly/^-s  Hi«  voluntAry  miiscW,  this  n-gulation  of  temppratur* 
falls  to  a  uitnimuin. 

Strychnin  incri-ii!kC!i  heat -diutipat  ion  and  heat -production,  and  the  bodily  tem> 
pcraturt;  may  Ix  irilhcr  increanfii  or  diniini:(hftl  in  accordance  unih  th«  prtpon- 
drrancc  of  production  (con\'ulsions)  or  of  dissipation.  Cocain  incrcaKs  the  bodily 
temperature,  while  the  anesthetics  have  Ihc  reverse  effect. 

4.  Change  in  the  surrounding  temperature  has  an  influence  upon  the 
need  for  food.  Ingestion  of  fond  increases  the  elimination  of  carbon 
dioxid.  principally  in  consequence  of  increased  activity  on  the  part  of 
the  digestive  glands.  In  winter,  as  well  as  in  cold  regions,  the  sense 
of  hunger  and  the  need  for  fats,  whose  combustion  j'iclds  much  heat, 
are  increased. 

Regulatory  Mecftanisnts  Govgming  Heat-dissifatiott: 

The  average  dissipation  of  heat  from  the  skin  of  a  human  being 
weighing  &2  kilos  is  between  3,093,000  and  3,593,000  calories  in  twenty- 
four  hours — therefore,  between  1450  and  1798  calories  in  the  minute. 

I.  Kievation  of  temperature  causes  dilatation  of  the  cutaneous  ves- 
sels. The  skin  becomes  vividly  reddened,  soft,  and  full  of  fluid,  so  that 
it  serves  as  a  better  conductor  of  heat  and  is  swollen.  The  epithe- 
lium becomes  moistened  and  sweat  exudes  from  the  surface.  In  this 
way  provision  is  made  for  augmented  heat  dissij>ation,  evaporation  of 
the  sweat  playing  an  important  part  in  the  abstraction  of  heat. 

•  Thcgreatertheincreasein  the  moisture  of  the  air,  the  le»  becomes  the  evapora- 
tion from  th»  skin.  Accordingly,  heat-dissipation  must  be  increased  by  eonduc* 
tion  and  radiation.  The  same  amount  of  heat  that  is  capable  of  transfonntng 
I  J[r&n>  ^i  watc^r  at  a  temperature  of  too**  C.  into  steam  ii  eQual  to  that  whi^ 
wul  raise  the  tcmpvraturc  of  10  Rranis  from  o"  to  SJ.<i7*  C.  The  swrat  Mcrrted 
is  of  the  sainc  temperature  as  the  body:  if  it  be  completely  con\-crt4-d  into  vapor 
it  will  rectuire  fimt  siilVicient  heat  to  raise  it  to  ihc  boiling-poini  and  then  attdi- 
lionotly  the  amount  of  heat  that  will  convert  it  from  this  point  into  hteam.  For 
purposes  of  more  precise  determination  there  would  be  r^uired  a  knowledge  of 
the  heat-capacity  and  of  the  boiHn];-point  of  the  sweat. 

The  action  of  cold  is  to  cause  contraction  of  the  cutaneous  vessels. 
Tlie  skin  becomes  pale,  less  soft,  delicient  in  fiuid  and  collapsed.  The 
epithelium  becomes  dry  and  permits  the  escape  of  no  fluid  for  evapora- 
tion. In  tliis  way  dissipation  of  heat  through  the  skin  is  diminished. 
Through  the  contraction  of  the  muscles  of  the  skin  and  of  the  cutaneous 
vessels,  with  the  displacement  of  well-conducting  fluid  and  blood  from 
the  skin  and  the  subcutaneous  connective  tissues,  loss  of  heat  from  the 
periphery  is  diminished  .ind  heat-conduction  transversely  through  the 
tissues  is  rendered  diJlicult,  The  cooling  of  the  body  is  lessened  through 
the  marked  interference  with  the  flow  of  blood  through  the  skin,  in  the 
same  way  as  is  the  case  witli  a  cooling  apparatus  made  of  convoluted 
tubing  if  the  current  passing  through  it  is  greatJy  lessened.  If.  however, 
the  cutaneous  vessels  undergo  dilatation,  the  temperature  of  the  surface 
of  the  body  rises,  and  the  difference  in  temperature  bet«-een  it  and  the 
surrounding  cooler  medium  is  increased,  and  thus  tlio  Ui: "  "'  '■'""^  is  a«g' 
inented.     Tomsa  has   shown   that  watfi^^^UjttJ^  -^cm  of 

the  fibrillation  of  the  skin  is  such  >        ^^^^^fc_         '   'h.>  «»«#'»* 
effected  by  the  muscles  of  the  skin 
ness  of  the  skin,  as  a  result  of  w 
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upon  the  readily  dispUceaWe  blond  present.  When  the  author,  in  con- 
junction with  Ifauschild,  Hgatcri  in  rjrtgs  cither  the  arteries  alone  or  at 
the  same  time  the  axillary*  and  c-rural  arteries  and  veins,  the  carotids 
and  the  jugular  veins,  the  temperature  of  the  interior  of  the  body  rose 
several  tenths  of  a  decree  \%'itliin  a  short  time.  Chlorotic  ami  annnic 
indivifhials.with  pnie,  blondless  skin,  at  times  exhibit,  for  the  same  reason 
of  failing  circulation  through  the  skin,  elevation  of  the  bodilj*  temperature. 

Uy  mtana  of  syslcnial ically  employed  stimuti.  which,  like  cold  baths  and  cold 
aponniiiK.  cause  i.niiUti'.tivn  of  the  iini»i.-iv»  and  vesscU  of  the  skin,  Ih*  latter  may 
be  fto  mvitiftrattd  and  he  tnaintnintd  in  such  a  Mate  of  irritability  as  to  opp<i«e 
vigr>Tonalv  loes  nf  hi-at  whm  the  bndy  or  indiv'idiial  jmrts  thereof  are  threntcntd 
A'ith  Kuddfn  abstraction  of  hvat.  Thus,  cold  spongings  and  baths  constitute  in  a 
measure  g>'niiiajtic«  for  iIil-  muKctes  of  ihe  s^kin,  which  under  the  coaditJoes  indi- 
cated are  cApable  nt  prtiti-clini;  the  tiudy  iicainxt  cold. 

».  Elevation  of  temperamre  accelerates  the  heart-heai.  while  reduc- 
tion of  temperature  diminishes  the  number  of  contractions  of  the  heart. 
Thmugh  the  action  of  the  heart  the  blood  that  is  relatively  the  warmest 
is  pumped  from  the  interior  of  the  body  to  the  surface  of  the  akin;  and 
in  this  way  it  may  readily  give  off  heat  upon  the  extensive  suri^ace.  The 
nftener  the  same  amount  of  blood  courses  thmugh  the  skin,  the  more 
will  be  the  amount  of  heat  given  off,  and  the  reverse.  Therefore,  the 
frequency  of  the  heart-beat  is  in  direct  relation  to  the  rapidity  with 
which  cooling  lakes  place.  Thus,  the  pulse  has  been  observed  to 
rise  to  more  than  i6o  per  minute  in  air  of  an  excessively  high  tem- 
perature— above  ioo°C.  This  is  true  not  alone  of  the  range  of  normal 
conditions,  but  also  of  the  pathological  variations  in  temperature  during 
the  felirilc  state.  C.  v.  Liebcnneisler  records  the  following  figures  for 
the  pulse  and  the  temperature  respectively  in  adults  : 

PuIhc — in  the  minute:  jH.t.^i.a.^^.h,  1*8.5,  "•■  '37S' 

TcmpcnitiircinT  :      I;*,   48'.    39*,   ^o".     4I*.^j*. 

If  thr  rtumU^r  of  hcan-hpats  is  jiprmancnllv  iliminiiehod  il  tniRht  ln'  anliclpatcd 
that  otevaiion  of  it-niiwrniure  would  occur  W  htn  the  author,  in  conjunction  with 
Ammon.c.-iuitil  rcduirtinn  fur  .ilnml  one  and  one-half  hours  in  the  number  of  Iieari- 
bfat*  by  irriutior  of  the  jirriphcml  extremity  0/  the  vaiciiM  in  rabbits,  the  lem- 
pcraturc  in  the  rcctuni  fell  on  the  average  from  .jq*  to  J4.5'  C.  The  enfeebled 
Circtdalion  diminishti  albo  meiabulism  and  oxidation  in  the  body;  in  fact,  this 
diminution  must  therefore  even  over-corn pcnjalc  for  the  atcumulation  of  heal 
resulting  from  the  diminished  circiJation. 

3.  Elevation  of  temperature  increases  the  number  of  respirations,  so 
that  a  much  larger  amount  of  air  passes  through  the  lungs  in  a  given 
time  .xnd  in  them  is  raised  almost  to  the  temperature  of  the  body.  In 
addition  a  certain  amount  of  water  undergoes  evaporation  in  the  expired 
air  with  every  respiration,  .ind  in  this  way  heal  is  taken  up.  Therefore. 
it  is  to  be  borne  in  mind  that  vigorous  respiratory  movemeiil  materially 
sustains  the  circulation,  so  that  the  respiration  operates  indirectly  in 
the  manner  outlined  in  a.  Forced  rcspvratorj'  movement  exerts  a  cooling 
effect  even  if  air  heated  to  a  temperature  of  54°  C.  and  saturated  with 
watery  vapor  is  inhaled. 

4.  Nature  provides  many  animals  iisith  furs  during  the  winter  and 
with  lighter  covering  in  the  summer.  Many  animals  living  in  air  and 
T"**!!."^  ^  '***  temperfltnire  are  protected  against  excessive  heat-dt.ssi pa- 
tten by  heavy  layers  of  fat.     In  the  same  manner  man  provides  for  a 

"-  uniform  <Iis'8ip.^tion  of  heat  on  the  part  of  the  skin  by  means  of 
•fence  in  clotliing  for  winter  and  summer.     The  attitude  of  the  body 
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also  js  not  without  infiuence  upon  the  temperature.  Thus,  a  cowering 
position  and  drawing  together  of  the  head  and  the  extremities  help  to 
retain  heat,  while  spreading  of  the  extremities,  erection  of  the  hair, 
ruffling  of  feathers,  permit  the  escape  of  a  greater  amount  of  heat. 
Laudois  found  that  in  rabbits  suspended  in  air  vrith  their  extremities 
spread  out  the  rectal  temperature  declined  from  39°  C.  to  37°  C.  in 
the  course  of  three  hours.  Exposure  in  heated  or  cooled  rooms,  ingestion 
of  hot  or  cold  food  and  drink,  hot  or  told  baths,  exposure  to  a  quiet 
atmosphere  or  to  air  in  active  motion  (fanning)  are  measures  employed 
by  man  for  regulating  the  temperature  at  will. 

In  the  caolinK  of  the  liody  (roni  its  aatiu.ce.  radi*tioa,  conduction  (also  throueb 
tltc  air)  (md  convection  (tu  the  layer  of  air  in  contact  with  the  body  u  coDstanUy 
Wing  jispUc«d  by  the  hrftt)  lake  part  in  addition  to  evaporation,  Thv  radiatiitK 
potv«r  o(  tlw  slcin  has  bwn  carefully  studied  by  Eiehhom  and  Mosjc.  It  is  in- 
creased afitr  irriTalion  and  friction  of  the  skin,  alter  muscular  efTorl.  and  in  ctill 
greater  degree  —up  to  ihrer  ur  (our  tiirurs  the  initial  amiwiJit — through  the  action 
of  cold  air  or  after  a  cold  bath.  After  marked  abstraction  of  heat  radiation  be- 
comes small,  while  ii  is  tocrea&cd  during  ih<^  fctinle  procea*  and  after  the  enijiloy- 
mcnt  of  antipyretics.  The  ainoiint  of  heat  radiated  by  a  naked  miii  from  cich 
(quare  centimeter  of  :nipcrficies  is  equal  to  0.001  calory  in  the  second.  Thie  would 
make  for  ihc  entire  body,  weighing  83  kiios.  approximately  1  .ySi.oao  calorica  ia 
twenty -four  hours.  Stewart  fuund  the  loss  of  beat  throufih  radiattun  fur  a  clothed 
man.  Wishing  ;o  kitos.  ;oc.ooo  calorics;  for  a  man,  weizhinf;  S»  kilos,  Sio.ooa 
calorics.  In  a  clothed  person  the  radiation,  according  to  R«l>ncr,  with  a  weight 
of  8>  ktloa  and  a  superficies  of  11.430  square  ccnttmeters.  is  1,1  Si, 000  calories. 

In  eittimating  the  inftuence  of  climate  upon  the  regulation  of  beat  of  the  body 
chief  imiiortancc  ik  to  be  attached  to  the  rapidity  of  evaporation,  whkh  is  pro- 
portional to  the  viuarc  root  of  the  velocity  of  the  wind. 
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"nn  effect  of  the  clotliin^  is  yet  to  he  taken  into  consideration.  A  warm 
dT«M  ia  an  equivalent  for  fiHid.  U>r  ixa  the  dress  is  intended  to  preserve  the  heat 
«f  the  body  generated  by  the  latter  from  the  combustion  of  food,  it  may  be  stated 
that  the  body  has  a  direct  income  through  the  food,  while  by  means  of  clothing 
it  protects  itself  against  unneeessar>'  expenditure.  The  clothing  thus  at  roooi- 
tempernlure  savps  so  per  cent.  From  thix  its  importance  in  iKe  heat-economy  is 
obvious,  Suiiuiier-cl  "thing  weighs  from  J  to  4  kilos  and  winter -clothing  from  6 
to  7  kilos.  The  radiation  of  heat  from  the  body  through  a  full  suit  of  clothing 
is  on|y  about  one-thiid  of  that  from  the  naked  akin.  At  a  low  temperature  this  re- 
duction in  hen  I -mil  in  I  inn  is  grriitcr  than  when  the  surrounding  temperature  i^  high. 

With  respect  to  the  usefulness  of  clothing  the  following  considerations  are  to 
he  borne  in  mind;  (i>  In  comjmtii'ity.  Those  materials  that  arc  the  poorest  cod- 
doctora  of  h<Mil  kt-<.-p  the  body  the  wannest.  The  fullnwing  is  a  list  of  conductor) 
arranged  succe«ivcly  from  the  poorest  to  the  best:  Hare-«kin.  down,  beaver-sioa. 
raw  silk,  tnfieta.  sheep's  wool,  cotton,  fla^t.tnistcd  silk,  (j)  The radtaiing powtr. 
Rough  Bubstancee  radiate  heat  more  readily  than  smooth  substances.  The  radi- 
ating power  i*.  however,  equal  for  different  colors,  (j)  Tlie  relation  to  the  ntn's 
rayj-  Dark  materials. -ibi^crti  more  hcai  from  the  sun  than  light  niiiterials.  (4) 
The  degree  in  which  materials  are  hy^rcscopic  is  of  great  impurtiincc  that  ifi 
whether  ihey  arc  capable  of  taldng  up  mucli  moisture  from  the  skin,  and  at  the 
aamc  time  yielil  tliis  up  gradually  by  evaporation,  or  the  reverse.  Wool  of 
same  weight  takes  up  twice  as  much  water  as  linen,  but  th' 
more  rapid  evaporation,  Wool  upon  the  sJtin.  therefore,  1 
ocetunulation  of  moisture  and  also  the  devclopnwnt  of  cold  thr 
tion.  and  therefore  ntTords  protection  against  catching  cold 
fermraMily  fnr  «ir  ventilation  —is  of  imtiortaivce  with  rt-  •"■■ 
bears  no  relation  to  beat-conduction.  Tbus  the  optica'  '•' 
to  materials  incfcAM-s  the  heat-conduction,  bill  dextroyii  the 
ability  dc|jcnd» — apart  from  the  thickness  of  thr  material — n 
and  the  character  of  the  thread.  The  following  is  a  list  "i 
Willi  the  more  permeable  and  passing  to  the  less  pcroieat 
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ESTIHATIOV   OF    HEAT-IKCOME    ACCORDQIG   TO    FRAHKLARD'S 

METHOD. 

Frankliuid  in   ifl46  liumcd  1n^\  (liivrtly  in   ihtt  oalurimftcr  (Fi][.   IJ3)  and 
obtained  the  foHoivinK  rpsiills: 


1  gram  of  protoidi  yielded     , 
Kmoe-sugar  vicldfil 
t.'wf-fat  yirJdtd     . 


499S  beat-unite 
ga69 


These     hgiires    "*?.  '* 

f     cnntparcd    witb    Kub- 

ncr'»  rcsulK.  p.  379. 


TIiv  protcidsarc  decomposed  only  to  the  sta^  of  urea;  therefore  the  heat  yielded 
by  tin;  combualivD  ol  the  Utlvr  ii  m  hv  dt>l»K-ltd  from  4<»i)S.  ihvin  leiiving  4163 
heitt-units  for  ■  Jtrnm  o(  proti'idsi.  If  tht  mimlker  of  graow  u(  tho  individual  teKtds 
takrn  Viy  man  bns  litvn  ilolcrmincd  hy  weijjht  tht:  number  at  hcut-uniu  takiti  u[> 
can  bi'  readily  estimaU'd 

When  the  amount  of  food  i<  sufKcient  the  production  of  beat,  undt-r  otherwise 
tiku  conditii^nn.  U  atvk'a%-9i  tht?  xame-  If  the  amount  of  food  i%  iiiKulticient.  the 
amount  of  hral  t>i'o(luc(^d  is  hui  little  diminishrd.  as  the  body  must  thrn  consume 
some  of  us  own  tissues.  This  is  imturally  ihe  case  in  the  stale  of  hunger  cs|»ccially. 
TIk^  character  of  the  fond,  providing  il  is  sufTiciciit  in  other  rct>]>reta,  in  of  subbr- 
diiiiitc  importance. 

VARUTIONS  IN  HEAT-PRO  DUCTIOM. 

AccortJinj-  lo  v,  Hclinholii  the  average  heat-iiriHlut-iion  in  a  healthy  adult, 
weaghing  8j  kilos,  in  tvrrnty-four  hours  is  9.7]>.coo  calories. 

Influence  of  tbe  Superficies  of  the  Bodjr. —  Rubner  fouotl  that  heat- 
production  IS  ilcpcnUeiit  nut  upon  the  "fteight  of  the  body,  but  upon 
its  siie  and  the  related  superficies.  Small,  and  als(»  young,  animals 
have  a  relatively  larger  superficies  than  larger,  and  also  older,  animals. 
As,  hotrever.  the  dissipation  of  heat  takes  place  principally  from  the 
external  surface,  at-rnrdingly  greater  heat-pmductinn  will  have  to  take 
place  in  animals  with  a  greater  superficies — heat-<li«sipating  surface. 
Thus  a  relatively  greater  consumption  of  oxygen  was  accordingly  ob- 
served in  fimaller  animals.  Rubner's  investigations  have  yhown  tliat  for 
dogs  of  various  sizes  the  heat- production  for  each  square  meter  of  body- 
surface  uniformly  equaled  1,143.000  calorics.  If  the  bndy-wclght  was 
compared  with  the  body-surface  in  different  animals,  lie  found  that  for 
even'  kilogram  of  weight  there  was  in  the  rat  1&50,  in  the  rabbit  946. 
in  man  987  square  cenliineWrs  of  surface. 

According  lo  J.  Rosenthal  the-  production  of  heal  i&  m  W  estimated  in  the 
followiog  manner:  If  n  represents  the  amount  of  heat  produced  in  an  animal 
in  one  hour.  i:ILit;  bixl v-n-cight .  and  A  a  factor  that  remains  nearly  coiixtanL  in  the 
same  .-(pccics  i*nd  under  like  nutritive  conditions  (for  the  hi«ly  nf  ihr  child,  1 1.97; 
for  that  of  ;hc  adull,  k.jii  fur  that  o(  the  dog'  49>  for  ibat  of  the  rabbit,  jj), 
then  n  -  Ay  ^  . 

Agaand^z. — In  the  darlicst  period  of  life.asw«ll  as  in  old  age.  the  production 
of  heat  is  !eis  (ban  at  mature  age.  It  is  likewise  so  in  wonwo  as  compared 
with  men. 

Daily  Voriatioo. — The  production  of  beat  exhibits  a  course  similar  to  that 
of  the  bodily  temperature  at  different  hours  of  the  day. 

Bodily  Functions. — During  waking,  n-tth  phyaical  and  w«-mai  exertion,  m 
w«l]  as  during  di^ivition  <on  account  of  the  KTi-aicr  Klanduliir  activity),  the  pro- 
duction of  Ileal  is  gitater  thiui  under  the  oppo«itc  conditions. 

RELATIOn  OF  HEAT-PRODUCTION  TO  THE  WORK  PERFORMED 

BY   THE   BODY. 

The  potential  energy  supplied  to  the  body  can  be  transformed  by  the 
latter  into  heat  and  into  kinetic  energ)'.     In  the  resting  bcKly  almost  tbe 
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eatirc  amount  of  potential  oner^'  is  transformed  solely  into  heat,  tor 
the  work  of  the  muscles  of  the  circulatory,  digestive,  and  respiratory 
organs  is  transfonne<l  within  the  body  into  heiit,  and  therefore  is  not 
work  transmitted  outward.  A  mail  at  work,  however,  in  addition  to  the 
production  of  heat,  transforms  potential  cncrg>'  into  work.  An  equiva- 
lent measiireniom  viU  serve  for  ihe  oomparison  of  both  activities, 
namely,  i  heat-unit,  that  is,  the  energy  tlial  will  raise  the  temperature  of 
I  gram  of  water  1°  C.  which  equals  4»s.5  grarameters. 

Tlii^  fcllowing  illustration  will  serve,  first  of  all,  to  uiakc  clear  th«  rtdation 
between  heat-production  and  work.  If  a  small  st«am-tngine,  in  which  a  given 
amount  of  coal  is  burned,  is  placed  within  th«  inner  chamber  of  a  cap.w.ous  calor- 
imeter. Iirait  alone  will  W  proclHcod  from  the  coal  so  long  as  the  engine  is  not 
brought  into  working  activity.  The  water  in  the  calorimeter  will  indicate  exactly 
through  the  elevation  of  its  temperature  the  number  of  heat-unit*  furniKhnJ  by 
the  humingcoal.  If  this  has  tfcen  deifiminnl,  the  same  amount  of  coal  is  burned 
in  the  steam-engine  in  a  second  ex^nmcnl.  but  at  the  Eanic  time  by  mcanji  of  a 
suitable  device  outride  of  th«  calorimeter  work  is  performed  by  tlie  eneine.  such 
as  the  raisiiiK  of  a  nei^jht.  Thin  work  miut  nuturolfy  be  (umisbed  by  the  potential 
CMiSy  of  the  fuel  and  be  transformed.  If  now  the  elevation  of  temperature  at 
the  end  of  the  experiment  is  noted  it  will  be  found  that  a  smaller  number  of  heat- 
uBits  have  been  iransmittcd  to  the  w-iter  tJian  in  the  first  experiment,  in  which 
the  engine  wo*  healed,  btit  performed  no  work.  Comparative  experiments  of  this 
kind  have  demonstrated  beyond  doubt  that  in  the  second  exprnment  the  useful 
working  effect  is  almoct  proportional  to  the  heat-deficit  observed. 

If  the  processes  in  the  organism  be  compared  with  this  illustration 
it  will  be  se«n  that  the  resting  human  being  gpnerates  between  2^  and  a  j 
million  calories  from  ihe  potential  energy  contained  in  the  ingtatcd 
food,  while  the  amount  of  work  performed  by  a  laborer  is  estimated  at 
300,000  kilogram-meters.  If  the  organism  were  exactly  comparable 
with  the  engine,  jtist  so  much  less  heat  wotdd  have  to  be  formed  within 
the  body  as  corresponds  to  the  amount  of  work  done.  As  a  matter  of 
fact,  tltc  organism  naturally  can  transform  only  a  lesser  amount  of  heat 
from  the  same  measure  of  potential  energj'  when  work  is  performed. 
One  point,  however,  should  be  taken  into  consideration  in  which  the 
laborer  differs  from  the  working  engine.  The  laborer  consumes  in  the 
same  time  a  far  larger  amount  of  potential  energy  than  the  resting  indi- 
vidual. A  greater  amount  of  combustion  takes  place  in  his  body,  and 
it  therefore  comes  about  that  the  loss  through  the  increased  combustion 
is  not  alone  made  good,  but  is  even  over-compensated.  The  laborer  is, 
by  reason  of  his  greater  muscular  activity,  warmer  than  the  resting 
individual.  The  following  may  serve  as  an  example  of  the  relation  in- 
dicated:  Him  in  1S58  took  up  at  rest  in  the  calorimeter-chamber  30 
grams  of  oxygen  in  an  hour,  and  produced  155,000  calories.  When 
subsequently  he  imdertook  in  the  chamber  work  transmitted  outward, 
to  the  amount  of  17.450  kilogram-meters,  he  consumed  133  grams  of 
oxygen  and  furnished  only  251,000  calories. 

In  estimating  thi^  amotml  nf  work  done  only  that  iransmittcd  outwurd  as  hirnt- 
equivalent  is  to  be  consi<k>rfd,  as,  for  inslanee,  the  lifting  o(  a  load,  tlie  throwing 
of  weights,  the  dmplacemeni  of  mauies.  Also  the  lilimg  up  of  tlie  body  is  to 
lie  included  hcTv.  In  onlinary  w:dkiiig  the  overeomiiiK  <>f  the  rcxistance  of  the 
air  and  thcactivityof  the  mu»clcs  must  betaken  into  consideration.  In  descending 
from  a  height  an  increase  in  beat  of  the  body  is  not  to  be  looked  lor,  tor  muscular 
activity  ii  required  to  prevent  the  body  from  falling  down  and  from  collapsing, 
and  to  ivoid  a  too  precipitate  descent. 
>6 
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The  organism  is  superior  to  the  engine  in  ttie  fact  tbal  more  work  in 
proportion  to  heat  is  transformed  from  the  same  measure  of  potential 
energy*.  While  the  best  gas-engine  is  capable  of  converting  to.Sa  per 
cent,  of  tlie  potential  eocrg>'  of  illuminating  gas  into  work  and  the 
remainder  into  heat,  the  human  heing  is  capable  of  furnishing  35  per 
cent,  of  work — in  making  ascents  and  in  doing  work  of  other  ch^acter 
only  25.4  per  cent.— from  the  chemical  transformation  in  its  muscular 
tissue,  r*fluger's  experimental  tlog  as  much  as  48,7  per  cent.,  and  an 
excised  bit  of  frog's  muscle  even  50  per  cent.  Work  alone,  without 
simultaneous  production  of  heat,  can  never  be  transformed  from  chem- 
ical potential  energy  in  an  inanimate  or  animate  motor. 


ACCOMMODATION  TO  VARIATIONS  IN  TEMPERATURE. 

All  bodies  possessing  great  heat-conductivity,  when  brought  in  contact 
with  the  skin,  appear  much  cooler  or  wanner  respcctivoly  than  poor 
conductors.  The  reason  lor  this  lies  in  the  fact  that  they  abstract  more 
heat  from  the  body  or  supply  more  heat  to  the  body  than  the  latter. 
Thus  the  water  of  a  cold  bath  will  always  feci  colder  than  the  air  at 
the  same  temperature,  because  it  is  a  better  conductor  of  heat.  In  tbe 
temperate  zone,  for  example: 


At* 


Wjim 


At  (8°  C.  fisels  moderawly  warm. 
From  i5»to*8''C.,  Iicrt. 
Above  »«*  C,  extremely  hot. 


Up  to  18"  C.  appears  cold. 
From  iS'  10  jg°  C,  cool, 
Frcwn  ^4*  to  35°  C  ,  imliltcreni. 
Above  SS-S"  C  .  warm. 
At  37. s    C-  M>d  above,  bot. 


So  long  as  the  temperature  of  the  body  is  higher  than  that  of  the 
surrounding  medium,  the  body  gives  off  heat,  and  in  greater  amount 
and  more  rapidly  tbe  better  the  conductivity  of  the  surrounding  medium. 
As  soon,  however,  as  the  surrounding  temperature  becomes  higher  than 
that  of  the  body,  the  latter  takes  up  hcmt  and  in  greater  amount  and 
more  rapidly  as  the  medium  is  a  better  conductor.  Therefore,  liot 
water  appears  to  bo  of  a  higher  temperature  than  air  at  the  same  tem- 
perature. 

A  human  being  may  remain  for  eight  minutes  in  a  bath  at  a  tempera- 
ture of  4S.5°C..but  not  lA-ithout  risk  to  life.  The  hands  tolerate  immersion 
in  water  of  a  temperature  of  50.5^  C.  but  not  of  a  temperature  of  51.65"  C. 
At  a  temperature  of  fto°  C.  intense  pain  is  felt  in  the  integument.  On 
tlie  other  hand,  a  human  being  may  tolerate  air  at  a  temijerature  of 
127°  C.  for  eight  minutes.  OirU  have  remained  for  as  long  as  twenty 
minutes  in  air  at  a  temperature  of  ija°  C,  Under  these  circumstances 
the  bodily  temperature  rises  but  little,  namely,  to  38.7°  or  38.9'*  C. 
This  depends  upon  tlie  fact  that  the  air,  acting  as  a  poorer  conductor 
of  heat,  docs  not  convey  so  much  heat  to  the  body  as  does  water.  Fur- 
ther, and  this  is  the  moiit  important  fact,  the  body  exposed  to  hot  air 
is  capable  of  losing  heat  at  its  surface  through  abundant  sweating 
and  evaporation,  and  to  this  end  the  mcreased  evaporation  of  water  due 
to  the  increased  activity  of  the  lungs  contributes.  The  enormous  accel- 
eration of  the  heart-beat — up  to  above  160— causes  constantly  renewed 
volumes  ft  blood  to  Vie  sent  to  the  skin  through  its  greatly  dilated  blood- 
vessels, for  the  secretion  of  sweat  and  evaporation.     In  the  degree  in 
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which  these  diminish  the  body  becomes  less  capable  of  ivithstanding 
the  siBToundiriB  heat,  and  thus  is  readily  explained  the  fact  that  the 
human  being  is  by  far  less  able  to  withstand  air  rich  in  watery  vapor 
than  dry  air  at  the  same  temperature,  as  heat  must,  under  such  circum- 
stances, accumulate  within  the  body.  Thus  in  the  Russian  steam-bath 
at  3  temperature  of  from  53°  to  60°  C.  the  normal  rectal  temperature 
rises  t«i  tietween  40,7°  and  41,6°  C.  A  human  being  is  just  able  to  work 
in  an  atmosphere  at  a  tcnijfcrature  of  ji'^  C.  almost  completely  saturated 
with  waterj*  vapor. 

In  water  at  the  icmpcrBture  of  the  body  the  normal  bodily  tcinperature  rises 
i°C.  in  one  hour;  about  i^C.  in  one  and one-balf  boun.  Grailuaickvationof  the 
tempemlarc  of  tlic  water  fnnn  3S.6"  to  40.3'  C.  caused  on  incrense  in  th«  oxil- 
iBjy  tcmiwratiirc  to  39°  C.  wnthin  iiftccn  miautcs. 


ACCUMULATION  OF  HEAT  IN  THE  BODY, 

As  under  norma!  conditions  the  constancy  of  the  bodily  temperature 
is  the  restUt  of  a  constant  rt-lation  between  heat-production  and  heat- 
dissipation  it  is  obvious  that  heat  must  be  stored  up  in  the  body  when 
heat -dissipation  is  lessened.  The  chief  organ  regulating  heat-dissipation 
is  the  external  interment.  Contraction  of  the  skin  and  its  vessels 
diminishes  hcat-dis.'iipacion,  while  relaxation  with  dilatation  of  the  ves- 
sels increases  heal-dissipation.  Accumulation  of  heal  may,  accordingly, 
be  effected ; 

(a)  By  iritense  and  extensive  cutaneous  irritation,  through  which  a 
tTansitory  influence  is  exerted,  causing  contractioTi  of  the  skin  and  its 
vessels,  (fc)  Also  throueh  other  forms  of  restriction  of  loss  of  heat 
through  tiie  skin,  (c)  Through  increased  activity  of  tlie  vasomotor 
center,  as  a  result  of  which  contraction  of  all  vesstels,  and  naturally 
also  those  of  the  external  integument,  is  brought  about.  In  this 
way  the  elevation  of  temperature  following  iransfu-sion  of  blood  from 
an  animal  of  the  same  sy>eciea  is  to  be  explained — direct  transfusion 
of  arterial  blood  from  the  crural  artery  into  the  adjacent  vein  in  the 
same  .■inimal  will  suffice,  as  Landois  w.ir  :ible  to  confinn  by  experiments 
on  the  carotid  and  the  external  jugular  vein — as  well  as  that  following 
venesection  after  a  preceding  decline  in  temperature.  In  both  events 
abnormal  blood-distribution  takes  place.  In  the  first  the  venous  system 
is  abnormally  overloaded,  in  the  second  abnormally  empty.  For  the 
restoration  of  the  normal  distribution  \*igoraus  activity  on  the  part  of 
the  musculature  of  the  vessels  is  necessary,  excited  through  the  vaso- 
motor center,  The  marked  contraction  of  the  cutaneous  vessels  hereby 
brought  abtmt  exerts  an  inhibitory  influence  on  heat-dissipation  and 
heat-accumulation  thus  takes  place,  The  elevation  of  temperatuie 
observed  after  surlden  abstraction  of  water  fn)m  the  body  must  appa- 
rently be  explained  in  the  same  way.  The  inspissated  blood  requires 
less  vascular  space  and  the  contracted  vessels  permit  the  escape  of  little 
heat  into  the  skin,  (d)  If  the  circulation  through  the  cutaneous  vessels 
in  considerable  areas  is  retarded  by  mechanical  means,  as  by  occlusion 
of  smaJI  vcMcls  by  viscous  masses  of  stroina  or  coagula,  which  form 
after  transfusion  of  blood  from  an  animal  of  a  difTerent  species,  accumu- 
lation of  heat  takes  place  likewise  in  consequence  of  diminished  dissipa- 
tion. Perhaps  a  number  of  other  pyroyenic  agents  act  in  the  same 
manner.     In  dogs  in  which  both  carotids  and  both  axillary  and  crural 
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cent,  in  heat-oroductioa  in  contunction  witb  okv«tiono<  tetnprraturc.aiiddiiniiia- 
liun  in  heat-aissipaiicpii.  Ai  tiic  height  of  the  fever  hcai-jirotloction  vv«a  likewise 
in>:rriiM'tl,  whili-  hiMl-tli-vtijiaiinii  wius  inCTcaurd  only  whni  htnt-priMlimiiin  was 
cvnsidcrabU:.  Wiih  dccliivc  '.'( tcmpcraLurc  hrai -product ion  is  generally  dimiuishcH 
wiiilc  hcat-dissipatioD  \-arit:&. 

According  to  Filchnt-,  iit|[l«l>rand,  RichU-r,  St«m.  md  others,  aiilipjTi-lic»  act 
hv  pestorirf;  neat-rff^laiioo  to  a  lower  level.  Qiiinm  rc<lu««  tompi-raturt'  by 
liinitiTig  hi-ut-]>roduction .  Toxic  do«cs  of  metallic  ealt^  set  similarly,  ditninishet] 
carbon- diox id  formation  being  at  the  samo  time  d<nnonatrabJ«.  According  to 
othere  the  influence  of  aniipyreiicK  t$  ex«ned  principally  upon  the  incrvawof 
huiit'diKuj>attijn  through  the  diJHtiition  of  the  veitscls.  while  heat*  product  ion  is  but 
little  diminished  — abouT  15  percent. 

The  course  of  litai-proiluciion  in  infected  cokl-bloodcd  animals  follows  that 
in  febrile:  wunn-btixxicd  KiiimnU.  It  ri»c.<  at  thr  hci};ht  of  the  di^'a-te  and  falls 
during  collnj>sc.  Even  in  plants — injured  bulbs— I'fc tier  i?bserved  phenomena 
analogous  to  fever. 


ARTIFICIAL  ELEVATION   OF  THE    BODILY    TEMPERATURE. 

Elevation  of  the  bodily  temperature,  in  addition  lo  causing  disltirb- 
aacee  of  the  general  condition,  influences,  first  of  aJl,  consciousness,  &o 
that  nieutal  cunfusion,  vertigo.  Lnsamnisi  and  loss  of  consciousnesii  occur. 
The  (unctions  of  the  medulla  oblongata  and  the  spinal  cord  are  affected 
only  later. 

If  mammals  are  kept  constantly  in  air  at  a  temperature  of  40^  C. 
escape  of  heat  from  the  hody  ceases,  and  accordingly  accumulation  of 
the  heat  produced  must  take  place.  At  first  the  bodily  temperature 
declines  somewhat  for  a  short  time,  but  later  a  distinct  elevation  sets  in. 
KC'Spiration  and  puUc  arc  accelerated  and  the  latter  becomes  weaker 
and  irregrtlar.  Absorption  of  oxygen  and  elimination  of  carl>on  dioxid 
diminish  in  ihe  course  nf  from  sis  to  eight  hours,  and  death  takes  place 
amid  signs  of  grtrat  exhaustion,  convulsitms,  salivation  and  loss  of  con- 
sciousness, even  when  the  temperature  of  the  body  is  not  increased  more 
than  4'  or  at  most  6^  C.  Death  Is  due  not  to  the  rigidity  of  the  muscles, 
as  the  coagulation  of  their  myosin  does  not  tuke  place  in  mammals  at 
a  temperature  below  49*^  or  50"*  (.'...  in  birds  at  a  temper.iture  of  53*  C., 
in  frogs  at  a  temperature  of  40°  C,  but  probably  to  a  tlcningcmcnt  of 
the  he.'»l-regulating  functions  of  the  nerves.  If  mammals  are  exposed 
suddenly  to  air  of  a  high  temperature,  100''  C.  death  takes  place 
amid  similar  phenomena,  but  much  more  rapidly — in  fifteen  or 
twenty  minutes.  The  temperature  of  the  body  rises  only  4*  or  5*  C, 
under  such  circumstances.  Under  like  conditions  a  loss  of  t  gram  in 
body-weight  is  observed  in  rabbits  within  a  minute.  Birds  tolerate  the 
high  temperature  somewhat  better,  dying  only  after  the  temperature  of 
their  blood  reaches  48°  or  50°  C.  Man  also  is  capable  of  surviving  for  a 
short  time  in  air  having  a  temperature  between  100'  and  i^a",  altbougli 
the  greatest  danger  to  life  sets  in  in  the  eotirw  of  ten  or  fifteen  minutes. 
At  the  same  time  the  skin  becomes  burning  red.  copious  sweating  takes 
place,  and  tlie  cutaneous  veins  arc  greatly  distended  and  of  a  brighter 
red  appearance.  I'ulse  and  respiration  are  greatly  accelerated.  Severe 
headache,  vertigo,  exhaustion  and  failure  of  sensory  activity  arc  in- 
dicative of  great  danger.  At  the  same  time  the  ?i>ni>-'r.',t.irc  taken  in 
the  rectum  will  have  risen  but  i"  or  a"  C.    Accof^''  'Tations 

of  C.  A.  Koch.  v.  Voii  and  Simanow&ky.  «• 
tare  in  man  and  animals  is  not  followed  ' 
whence  it  is  to  be  concluded  that  ' 
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prcvioiuly  in  humui  Ixxtici  immeduitcly'  after  dcatfa.  pBiticuIarly  whrn  this  re* 
suited  from  violent  muscular  spAsm.  'Thus,  for  instance,  Wundcrlich  found  a 
tcoiptra^uic  of  Ai-STs"  C  in  a  hudy  lifty-sfvtn  minutes  wfier  death  (ram  tetanus. 
Th«  causes  vt  ixisl-tuorttfni  ■-■leviiti'ju  wi  ivmptTaluri:  rtsidi:; 

[.  In  u  Irunsiton'  incix-asv  in  hv  at -production  aflvr  death,  and  eq>eciaJly 
thrwiEh  the  conv<rr6if>n  of  the  vinoid  c^ntonts  of  tlio  niusclee  (myosin)  into  th« 
solid  lomi  of  (xiagvlaiion  (muiculor  rigidity).  The  musct«  in  the  proc*is  of  be- 
coming rigid  pruJueoi  heat.  All  causes  that  excite  rapid  and  intcnie  miucular 
rigidity — including  transitor>*  apasni — therirdm.-  favor  post-tnorteni  elevattcm  of 
I empc ratine,  I{«j>id  c'iii2uUti<>n  of  tlii-  IjIochI  imisi  also  contribute  to  tht  pnxluc- 
tion  of  heat. 

1.  Further,  a  scncH  of  clicniical  processes  lalo;  ptaiv  in  the  interior  of  the 
body  aoon  after  demti  that  products  heat.  When  \  olcntin  placed  dead  rabbits 
in  a  chamber  at  the  icmpcruture  of  the  body,  and  iti  which  loss  of  heat  from 
the  body  was  impniyiiblc.  th>-  int<?rnal  temperaturv  of  tlie  body  rose  conslaatly. 
The  processes  that  thus  mve  rise  to  the  prmluelion  of  heat  a(t*r  death  take  place 
more  mindly  in  the  first  hour  than  in  tlie  secnnd.  'The  higher,  fiirtht-r.  thr  bodily 
temperature  at  the  moment  of  death,  the  morr  coDEiderable  u-ill  be  th«  poEt-mortvm 
generation  of  heal. 

3.  Diminisbrd  heat  •dissipation  after  death  is  a  third  cause  As  the  circulation 
16  abolished  within  a  few  minutes,  but  little  heat  is  given  off  fnnni  ihc  cutaneous 
surface  of  the  cadaver,  because  in  order  that  rapid  lata  of  heat  sthuuld  take  place 
coMitantly  rencn-cd  filting  of  the  cutaneous  vessels  with  worm  blood  is  nrecssai>\ 
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Transi1or>-  slight  cooling  of  the  external  iniegtimmt  causes  either  no  chance 
in  llic  bodily  temperature  or  a  sUcht  elevation.  The  latter  ii  dependent  upon  In* 
fact  that  buUi  thr<.<ueh  retlex  intiueaces  a  more  rapid  molecular  traiiNformatioa 
for  purjioftcs  of  heat- production  U  stimulated,  as  well  as  through  contraction 
of  the  small  culnnmtis  vessels  and  the  skin  itself  heat -dissipation  is  diminished. 
The  Icog-continuL'd  action  of  more  intense  cold,  however,  causes  reduction  In 
t«miwrBturc,  panieulariy  thrwiuh  cimilucliiin,  in  si>iti;  of  increased  heot-production 
at  toe  same  time.  Thus,  after  cold  baths  the  tcmpcraiure  may  be  .54  or  it'  C. 
and  even  as  low  s.'i  ^10°  C.  Culd  baths  at  a  tempfraturc  below  3$"  cause  the 
cuiani-nuK  ti;in|irr;tturc  to  full  a>  low  aa  19°.  AViihin  the  interior  of  tlie  iMXly 
the  temperature,  after  remaining  stat!onar>'  for  a  mumrnt.  declines  in  proportion 
to  the  intensity  of  the  coolmg,  tf  the  cooling  be  continued  the  body  is  placed 
ill  the  condition  of  that  of  a  cold-blooded  aninial. 

As  an  aftereffect  of  marked  abutraction  of  heat,  it  ia  found  that  the  bodily 
tent|icrature  remains  for  some  time  lower  than  it  had  been  before — primary  after- 
effect It  was,  for  exam|jUv  unly  12'  C.  in  the  rectum  at  the  end  of  an  hour. 
Tlie  de.-iignati'in  Bccondarj'  aiter-t-ilt-ct  is  applied  to  the  elevation  of  temperattuv 
that  takes  jiliice  after  the  [inniary  after-ertecL  has  l«en  neutralized.  This  fjcjpns^ 
after  cold  baihs — at  the  end  of  from  live  to  eiRht  hours,  and  reaches  in  the  rectum 
about  O.J*  C-  In  an  analogous  manner  Hoppe-Scyler  observed  in  the  course  ol 
a  short  time  a  decline  in  iBe  bodily  tcmperatvje  after  the  action  of  heat  upoo 
the  body. 

Catching  Cold, — If  the  l>ody  of  a  rabbit  is  suddenly  cooled  after  expo«ur«  to 
aBum.'uiidiiii;  iL-iuperatureof  j5*C.  traiisitor)- diarrhea  occurs  at  time*,  in  addition 
to  shivcnnjj.  In  the  course  of^one  or  two  davs  the  temperature  rises  1.5"  C.and 
albutnintiria  wis  in.  Kidney*,  liver,  hin(;x.  Wort,  ncrv<>-sheaths.  exhibit  micro- 
scopic traces  of  inierstilial  irillammalion:  the  dilated  arteries,  particularly  in  tbe 
liver  and  the  lungs,  cuniain  thrombi,  and  the  adjacent  veins  migrated  leulcocjtes. 
In  picKuani  miniiaU  even  the  fetuK  exhibited  the  name  conditions.  In  explanation 
oS  the  phenorriLtion  the  <iuestion  moy  be  discus.sed  whether  increased  destruction 
of  the  cellular  elements  docs  niri  lokc  place  in  the  greatly  cooled  blood. 

Preezine.— As  u  rcauli  uf  the  long -con  tiuued  actiuit  of  high  degrees  of  cold 
upon  the  »Ktti,  the  muM-uliiture  of  the  skin  and  its  vessels  contracts  at  first,  in  con- 
sequence of  the  stimulating  influence  of  the  cold,  and  pallor  of  the  inteffumcftt 
develops.  If  the  action  be  mainitiined.  paralvsis  of  the  walls  of  the  veascb  talus 
place,  and  the  skui  becomes  reddened,  with  dilatatiuii  of  the  \-esseIs.  As  the  pas- 
sage of  fluids  thniufth  ilic  capillaries  is  seriously  embarratsed  in  consequence  of 
the  action  of  the  cold,  stairnaiion  of  the  blood  results.  This  soon  makes  itaelf 
manifest  as  livid  discoloration,  as  the  oxygen  is  almost  consumed  in  the  snuQ 
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vessels  in  conseqoencc  of  Uie  slowness  of  the  curKnt.  Thus  llie  circulatioii  at 
the  periphery  is  slowed.  If  the  intense  effect  vi  the  frceraix  hv  continued  the 
movement  Ot  Mood  at  the  piTiphcfy  ceases  cntirply  «ii>l  principjilly  in  the  thinnest 
parts,  namely  the  ears,  the  ncee.  trie  tors  and  the  lingers.  The  functions  of  the 
wenwjTV  nerve*  bt-eoroe  impaired,  and  numbnc**  and  anesthesia  develop.  Later 
there  mav  be  even  cmipleto  freezing  tltroujihout.  If  the  [>eri»lieral  iKirtc  become 
anemic,  the  iniernal  organs  iia.tunitly  become  h>'peremic  and  the  heart  is  distended 
with  blood. 

As  the  rctitrdntinn  of  the  circulation  must  naturally  Ire  transmitted  from  the 
surface  of  the  body  to  the  other  circulatorj-  areas,  incrc.-vsi-d  vcnneily  of  the  blood 
develops  in  consequence  of  diminished  circulation  through  the  lungs,  notwith* 
standing  the  Urger  amvunt  of  oxygen  in  the  cold.  di'i)»e  »'tt.  and  ua  a  result  the 
activity  of  the  ntrveeenter*  i«  anected.  Gr*at  disinclination  to  movement,  a 
diBtressing  feeling  of  falig^ie,  a  peculiar  irresistible  tendency  tn  sleep,  an  inabiUty 
to  think  kgically.  uncertainty  in  sensorial  activity,  and  ti'milly  complete  loss  Of 
consciousnen  are  the  s>^nptonls  of  this  condition.  At  a  leniperaiure  of  — 0.54"  C. 
the  blood  fr«ezet,  while  ine  llwuU  h(  iht;  utiperlicial  jmrtiorut  ol  the  btKly  become 
rigid  somewhat  earlier,  The  protoplasm,  as.  for  instance,  of  the  mtiscles.  may 
be  cooled  on  careful  experimentation  down  to  a  temperature  of  iS"  C.  without 
becoming  tiu!id.  In  mukinK  uttciniUs  at  rL-.tusciinti on  or  at  thawing,  all  bending 
or  breaking  movements  of  tlic  rigid  parts  is  to  l>c  avoided,  in  order  that  the  ci>'»t«l9 
of  ice  do  riot  t>erforiitc  the  tissues.  Ftirthcr,  too  rapid  heating  is  to  he  avoided, 
M  hereby  suddi-n  ext*an*>ton  of  the  tiftsiies  might  be  hrought  about,  and  give  rise 
to  their  molecular  dtstniction.  Simple  rubbing  with  snow  in  order  if  possible 
to  set  the-  bhuHl  grailuallv  in  motion  (ram  the  parla;  Uut  are  aol  fruwn  toward 
those  that  are  rijjid.  witfi  gradual  warming,  will  yield  the  best  results.  Often 
complete  frceung  is  ioUovi-ed  by  panial  death  of  the  affected  part. 

ARTIFICIAL    REDUCTION    OF    THE    BODILY    TEMPERATURE    IS 

ANIUALS. 

In  consequence  of  reduction  of  the  temperature  of  the  body  the 
activity  of  the  most  liighly  developed  nerve-centers  (cerebrum)  is 
diminished  first  and  only  later  that  of  the  medulla  oblongfata.  If  the 
functions  of  the  latter  arc  heynnd  restoration  death  must  rcstilt. 

Artiticial  reduction  of  the  temperatiire  in  warm-blooded  animals  by 
exposure  to  a  cold  atmosphere,  or  to  cold-mixtures,  is  followed  by  a. 
series  o£  characteristic  phenomena.  If  the  temperature  of  the  animals — 
rabbits — is  lowered  to  1 8"  C. — rectal  temperature — they  are  overcome  by 
great  prostration,  nnthmit  abolition,  however,  of  voluntary*  and  rcScx 
movements,  although  these  are  lost  at  a  temperature  of  17°  C.  The 
pulse  is  reduced  in.  frequency  from  100  or  rjo  to  jo  beats  in  a  minute. 
and  at  the  same  time  the  blood- pressure  falls  to  a  few  millimeters  of 
mercury.  Respirations  are  infrequent  and  superficial,  and  breathing, 
therefore,  becomes  inadequate  (at  35"  C,  in  rabbits).  Asphyxia  is  no 
]onger  capable  of  exciting  convulsions;  the  secretion  of  urine  ceases;  and 
the  liver  exhibits  excessive  hyperemia.  In  this  condition  the  animal 
may  remain  for  twelve  hours;  then,  after  the  muscles  and  t!ie  nerves 
exhibit  signs  of  paralysis,  coagulation  nf  the  hlooil  h.is  taken  place  fol- 
lowing the  destruction  of  large  numbers  of  blood-corpuscles,  and  the 
cyc-ground  has  become  pale,  death  takes  place  amid  symptoms  of 
paralysis  of  the  heart.  conviUsions  and  asphyxia. 

If  left  to  itself,  an  suiimal  whose  temperatiu'e  has  been  reduced  to 
18* C.  is  incapable  of  recover)'  when  the  surrounding  temperature  is  the 
same.  If,  however,  artificinl  respiration  is  practised  the  bodily  tem- 
perature rises  10°.  If  in  conjunction  with  the  latter,  lieat  is  in  addition 
supplied  from  without,  the  animaJB  recover  completely,  oven  when 
they  have  been  apparently  dead  for  abotit  forty  minutes.     Walther  was 
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in  this  way  able  to  resasciutfi  (ull-jfrown  animals  whose  tempernture 
had  l)ccn  reduced  to  9"^  C.  an<!  Ilnwarth  young  aniiriHls  even  when  the 
Temperature  hati  been  reducetl  to  s'^  C,  Maiutnals  bom  blintl  and 
Uinls  bom  without  feathers,  i£  left  to  themselves,  suffer  reduction  in 
temperature  more  rapidly  than  others.  Morphin.  and  in  Ktill  Ereater 
degree  alcoho!.  accelerate  the  reduction  in  the  temperature  of  mam- 
mftU.  the  gAstom  interchange  at  the  same  time  falling  considerably, 
and  for  this  reason  drunken  [wrsons  are  more  readily  exposed  to  the 
danger  of  death  from  freezitig. 

Knoll  lowi^rcd  ilii*  trnii>i-Tntui¥  of  nibliiit:  tiy  meant  of  mtmvenouc  infusion 
of  an  icc-colil  ituJi fli-ri'in  5ol«lion  of  sodium  ctilorid  He  found  niliK-timi  in 
I)Ul»e-frequ«icy.  prolonged  svslole,  paral>'sii  of  ihe  cardiac  branches  of  the  vague. 
I»rimar\"  tncreaw  *n<i  »ec<>«dary  rtiluciiim  in  hliKxI-iirt-Ksun-.  acceleraied.  super- 
licial  brc&thinsiind  latrrditninished  fri-<iitcncy  of  lircalhing. 

CI.  Bernard  made  the  remarkable  discowry  that  the  muscles  of 
animals  whose  temperature  had  been  reduced  maintain  their  irritability 
for  a  longer  tmie.  with  respect  to  direct  stimuli,  as  well  a^  to 
stimulation  thmugh  the  nerve.  lie  found  the  same  condition  when  the 
animals  were  asphyxiated  through  deficiency  of  oxygen.  Artificial 
cold-bloodedness,  that  is.  a  condition  in  which  the  temperature  of  warm- 
blooded animals  is  reduced,  with  preser\'alion  of  the  irritability  of 
muscles  and  ner\'cs.  can  be  developed  in  wanu-blooded  animals  also  by 
division  of  the  cervical  conl  while  artiticial  respiration  is  maintained, 
and  further  by  application  of  a  cool  solution  of  sodium  chlorid  to  the 
peritoneum. 

HiberttalMti.  which  is  due  Msrniinlly  10  the  lowering  of  ilic  tt-mpiTiiUire  of  the 
animals,  exhibits  3  sific-s  of  analogous  phenomena.  Vaknttn  found  ihat  tb« 
marrool  bcKiii.i  10  be  only  half  awake  vfhcu  the  bodily  wmptTature  n-^tclics  18°  C: 
8,1  a  umpcraUirc  of  18*  C  il  is  Noporose;  al  6"  it  exhibits  shallow  ,-ind  at 
16°  C.  dcL-p  slci-p  At  the  same  timt.'  the  ht^urt-brais  fall  to  6  or  10  in  a  rninuti:, 
wiih  reduction  in  i1k-  blond -pressure.  The  re&piralions  and  tlic  movements  of  tbc 
bladder  and  the  inte^liiif  ci:uj»c  enlirt'Iy,  and  only  the  cardio-pneunutic  rao^-emctit 
mnintainjt  the  »li(;ht  diffuwon  nt  ^0*^1  in  the  lungs.  Th*.-  tempi?m,ture  Acta,  not 
fall  At  low  ao  o",  ImiI  the  animaU  awAl:en  before  the  temperature  h««  fall«n  to 
thia  level.  At  a  temfwrature  of  o"  C.  no  further  diwociotion  of  the  oxybetoo- 
(flobin  would  take  place  Hittemating;  nnimalK.  inililTen-nily  whether  in  thO' 
waking!  or  in  the  sU-i-pinj;  state,  may,  howe%-eT.  Mir\'ire  an  artifirial  mluction  of 
temperature  down  to  —1'  C  and  recover  spontaneously  Hibernating  animals, 
therefore,  submit  10  a  greater  reduction  of  tfm]«Taiurc  than  other  mainraals. 
Under  such  rircuniniflncet.  they  yield  up  their  heal  rapidly  aiul  they  are  able  to 
renew  tl)cif  hcac  with  rapidity  even  sponiancoiisly.  Newborn  mammals  more 
cl"6ely  resemble  hibertiattnc:  aniiiials  in  this  rexpcct  tlian  do  adtdt  animaU,  Tbe 
animals  can  \n:  aivakened  Irotn  their  lA-intce's  sleep  by  sensory  stimulation  and  in- 
rreA«ing  temperature  through  the  aremcy  of  the  nerve -center*. 

In  cold-blfiodcd  animals  exposed  to  gTL'.it  rold  the  temperature  can  be  reduced 
almost  to  the  freezing-point — tenches  can  be  fniijien  into  ice.      In  the  slate  of  cold 
their  m«tiilM>li£m  1.*  greatly  loweretl  and  the  unimals  are  apjiarently  dead,  altbougb 
they  recover  rapidly  when  cxpimed  in  warmer  surrounding      t'nder  favorable  coo- 
ditioQS  animals  frozen  into  a  mn&s  of  ice  mav  be  rcsusctiatcd — the  froj;.     If.  for 
cxamplc,  however,  the  tliiidii  throughout  ttic  body  have  t>ceii  frozen  into  ice,  tbo 
animaU  will  die.  for  the  reason  thut  with  the  formalion  of  ice  in  the  tiMFued,  the 
gosct  arc  expelled  in  the  form  of  bubbles  and  tbe  salts  scparattr  in  tbe  fvnn  ot  1 
cfyatals.     Ilie  germK  and  ova  of  lower  forms  of  .intmal  life,  as.  foe  inttance,  tbe 
egtt  of  inlets,  «ir\'ive  long- continued,  severe  cold.     A  moderate  degree  o(  cold 
only  retard*    their  devfloptmmt ,     Snakeii  tolerate   an  fxtemAl    ti'tniM-t-jture   of 
—  J5*,   fropfi  a  temperature  of  — »8'.  myrispods  and  infusoria  a 
—50*.  snails  for  days  a  temperature  of —I »©°     Germs,  snnris  of  r.  ■ 
of  funfi  exposed  10  «  tempemturt  of  — loo*  arv  ca[>aMe  of  gvTuuiiAURK  afuar 
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bciag  asain  wanned,  and  also  tlie  s««ds  of  wheat,  oau.  peas,  etc..  exposed  for  four 
or  five  days  to  a  tempcrittiirc  ol  —  1 91*  C. 

Th«  Bpplicatinn  oi  a  cnnt  of  viimisli  (o  the  skin  Kives  rue  to  a  series  of  condi- 
tion* stmilar  to  tliosc  du«  10  reduction  in  temperature.  The  vamiahcd  slda  readily 
gi%res  oQ  heat  outward  thrcrueh  radiation,  particularly  as  the  blood-TesscIa  of  tbc 
skin  are  enormotMily  dila(t-d^  Therefore  the  ten:ipc nature  of  the  animals  (alls 
greatly  and  some  even  di«.  If  the  reduction  in  temperature  b«  prevented 
bv  applications  of  heat  and  cf  external  roverings  th«  animals  survive.  Tha  blood 
Lif  Kuch  animals  as  die  containK  no  toxic  stibctances  aad  no  retained  excremen- 
titious  matien  that  might  have  caused  death,  for  other  animals  injected  with 
such  bkMKl  rrmain  healthy.  In  human  bcjnjni  vamishing  of  tlie  skin  appears 
to  have  no  injurious  effect. 

EMPLOYMENT  OF  COLD. 

Applications  of  cold  to  a  loree  part  of  the  surface  of  tlie  body  may  be  made 
from  ihc  followin];  points  of  view: 

(a)  By  means  of  cold  baihs  or  packs  of  considerable  duration  to  remove  laiRc 
amounts  u(  heat  (lom  ilic  tiurfaccof  the  body  when  tlic  temperature  in  iheprcecncc 
of  fever  hits  Uilt>iiiii:(l  .1  danKCTuus  elevation.  Tbi*  effect  can  be  produced  in  a 
most  lasting  ninnner  if  the  temperature  of  the  bith  is  at  tint  mcxierate  and  is 
gradually  reduced,  bwatise  the  skin  is  rcnderfd  anemic  and  hecpmet  contractt-d 
in  couBcqiienc*  of  low  degrees  of  temperature,  so  that  q  marked  obstacle  to  the 
dissipation  of  he.ii  ai  once  artMS.  Aliio.  llie  gradnnJiy  cooled  bath  is  borne  for  a 
fim.Miiiruhh'  lime.  The  addition  of  stimulalinR  substancct;.  iis,  for  tmtaiice, 
sail,  which  cfTccis  dilatation  of  the  cuiancmis  vessels,  favors  hcat-dissinntion. 
chiciiy  because  the  salt-water  acts  as  a  better  conductor  at  heat.  The  rcouction 
in  tein|ienitnre  is  favored  bv  simultancotu  administration  of  alcohol  internally. 
Also,  cvanoration  of  water  from  the  skin,  through  spraying  with  aqueous  vapor, 
is  adaptca  for  the  reduction  q(  tbc  bodily  Umpcraturc. 

(6)  l.ocal  external  reduction  ol  temperature,  as  by  means  of  an  ice-bag.  series 
in  the  first  place  to  cauitc  contraction  of  the  vessels  and  of  the  tissues,  as  in  case 
of  inflammation,  with  sinittllancous  local  abstraction  of  heat.  W'hcthor.  under 
such  circumstances,  the  hea I -^ene rating  molecular  disintegration  of  potential 
eneniy  is  retarded  locally  or  not  is  ax  yet  und«rtennineil . 

{c)  Local  abstraction  of  heat  through  the  rapid  evaporation  of  volatile  sub- 
Stances,  such  as  ether  and  carbon  disulphid.  causes  anesthesia  of  sensory  nerves. 
The  intnrduriion  of  meilia  of  low  temperature  into  the  inmrior  of  the  body,  such 
OS  the  inhalation  of  cold  air,  the  ingestion  of  cold  dtitiks,  co\6  injections  into  the 
intestine,  the  bladder  or  the  grnital  tract,  in  part  acts  locally  and  in  part  may 
cause  general  abstraction  of  heat  if  the  action  be  lon^j  continued  and  intense.  In 
connection  with  the  action  of  cold  it  should  !m*  home  in  mind  that  the  contraction 
of  the  vevaels  and  the  collapse  of  the  tiKsues  after  ri'tsaTion  "i  the  elTei-l  are  usunlly 
followed  by  increased  fulness  and  turge«cence. 

THE  TEMPERATURE  OF  INFLAMED  PARTS. 

Heat  IS  considered  one  of  the  iiindaiiu-iiial  plie«cnm-nit  uf  iitflammalion.  in 
conjunction  witli  rcdtiew.  swelling  and  pain,  NcvenhHr»«,  the  apparrnt  increase 
in  the  temperature  of  inflamed  parts  is  by  no  means  dependent  upon  increase 
in  the  temperature  above  that  of  the  blood,  a  condition  thai  has  ncvur  been 
o1>8Crvcd.  In  consequence  of  the  dilatation  of  vewiel.t.  which  cunsrs  rednc.-w,  and 
the  incrcasctl  amount  vf  blood  llomng  thiouKh  the  inllamcd  parts,  as  well  as 
through  tumefaction  of  the  tissues  with  wcU-conductinE  fluid,  the  external 
portions  of  t.ho  body,  such  as  the  skin,  art'  usually  <jf  a  higher  tvnijjcraturv  than 
Bomial.  and  at  the  same  time  they  more  readily  give  oil  ht-at  through  conduction. 
Whether  or  not  increased  heal-produetion  take*  phice  m  the  inllammatory  fncus 
itself,  perhaps  in  accordance  with  the  character  of  the  inllammatory  process,  in 
conaecjiiencc  of  accelerated  raulecular  disintegration,  has  not  as  yet  been  de- 
termined. 

HISTORICAL.     COMPARATIVE. 

..  "'/'/"■'-■  J-aies— bom  460  B.  C. — conBi4lered  the  indigenous  heat  as  the  cause  of 
■Tfc^.n  ^■^'"^'"2  ***  Aristotle  the  heart  pruoarcs  heat  within  itself  and  distribate* 
"  "'^P'^-xs  ot  the  body,  together  with  the  blood.     This  doctrine,  which  is  prc- 
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Kilted  in  a  similar  manner  also  in  the  writings  of  Hippocrates  and  Galen,  was  for 
a  long  time  the  dominating  one,  and  is  found  last  in  the  writings  of  Cartesius  and 
Bartholinus  (1667,  "Flammula  cordis").  The  iatromechanical  school  attributed 
the  heat  to  the  friction  of  the  blood  in  the  walls  of  the  vessels.  The  istrochemical 
school,  on  the  other  hand,  looked  for  the  source  of  heat  in  fermentative  processes 
taking  place  in  the  blood  through  the  entrance  of  absorbed  articles  of  food. 
Lavoisier  was  the  first,  in  1777,  to  make  the  combustion  of  carbon  in  the  lungs 
the  source  of  heat.  After  the  invention  of  the  thermometer  by  Galileo,  Sanctorius 
in  1626  made  the  first  thermometric  observations  on  the  sick,  while  the  first 
calorimetric  observations  were  made  by  Lavoisier  and  Laplace  in  1780,  Compara- 
tive observations  have  already  been  recorded  on  p.  381,  and  also  with  respect  to 
hibernation  on  p.  410. 


PHYSIOLOGY  OF  METABOLISM. 


SCOPE  OF  METABOLISM. 

By  metabolism  is  understood  the  phenomenon  common  to  all  living 
organisms,  sharplj'  differentiating  the  organized  from  the  unorganized, 
and  consisting  in  the  power  of  incorporating  into  their  own  tissues 
the  substances  obtained  from  food  (in  animals  by  means  of  digestion) 
and  of  forming  them  into  component  parts  of  their  own  animate 
bodies.  This  division  of  metabolism  is  designated  assimilation.  More- 
over, out  of  these  assimilated  substances,  which  constitute  a  reservoir  of 
potential  energy,  the  organism  is,  by  means  of  transformation-processes, 
able  to  develop  activities  in  the  form  of  kinetic  energy',  which  are  mani- 
fested most  strikingly  among  the  higher  animals  as  muscular  work  and 
heat.  The  resulting  transformation  of  tissue-constituents,  which  ter- 
minates in  the  formation  of  excrementitious  substances,  is  thus  an  in- 
direct object  in  the  study  of  metabolism. 

Normal  metabolism  requires,  accordingly,  food -material  suitable 
both  qualitatively  and  quantitatively;  a  storing  up  within  the  body,  in 
proportion  to  the  consumption;  a  regulated  chemical  transformation  of 
the  tissues ;  and  the  preparation  of  the  waste-products  to  be  thrown  off 
by  the  organs  of  excretion. 


SYNOPSIS   OF  THE   MOST    IMPORTANT   SUBSTANCES 

USED  AS  FOOD. 

WATER.     EXAMINATION  OF  DRINKING-WATER. 

When  it  is  considered  that  the  body  contains  in  al!  of  its  tissues  about  58.5 
per  cent,  of  water,  that  water  is  constantly  being  thrown  off  with  the  urine  and 
the  feces,  as  well  as  by  the  skin  and  the  lungs,  and  that  in  the  processes  of  digestion 
and  absorption  most  substances  must  be  dissolved  in  water,  and  likewise  that 
numerous  waste-products,  (.'Specially  in  the  urine,  must  leave  the  body  in  aqueous 
solution,  the  importance  of  a  constant  supply  and  continual  renewal  of  water  will 
be  at  once  obvious.  Hoppe-Seyler  epitomized  admirably  the  importance  of  water 
to  life  in  the  following  words;  "  All  organisms  live  in  water,  and  mdeed  in  running 
water,"  a  saying  that  deserves  a  place  by  the  side  of  the  old  one  of  "Corpora  non 
agunt  nisi  liuida." 

Leavmg  out  of  consideration  its  presence  as  a  constituent  of  fluid  food,  water 
is  used  as  a  drink  in  ditTerent  forms:  (i)  As  rain-water  (in  some  countries,  where 
it  is  collected  in  suitable  reservoirs,  cisterns,  etc.) ,  which  most  closely  approximates 
distilled  (chemically  pure)  water,  although  it,  nevertheless,  always  contains  small 
amounts  of  carbon  dioxid,  ammonia,  nitrous  and  nitric  acids.  (2)  As  wdl-waler  or 
spring-'^-iilt-r.  whicli  is  ordinarily  rich  in  mineral  matter,  it  results  from  atmos- 
pheric precipitations,  which  tilter  through  the  layers  of  earth  rich  in  carbon  dioxid, 
and  with  the  aid  of  the  absorbed  carbon  dioxid  it  is  capable  of  dissolving  out 
the  alkalies,  the  alkaline  earths  and  metals.  These  substances  enter  into  solution 
as  bicarbonate^,  for  instance  calcium  carbonate  and  ferric  carbonate.  The  water 
is  either  drawn  from  the  wells  by  mechanical  appliances  or  it  gushes  from  the 
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surface  of  the  carlh  in  ccrtaia  localilits  in  the  form  of  sxnin^.  (3)  The  mttiii'Hf 
xvaier  of  streams,  rivers  and  brooks  is  generally  mucli  poorer  in  mineral  matter 
Xhui  tliatvf  welio  or  sprinxK. 

Flowinjj  on  the  surfaci-  spring -water  soon  givtt  off  much  o(  it*  carbon  dioxid. 
As  the  KiJtttion  of  m.iny  minerals  is  possiMo  onlyinth^  pivsprwrof  carhcrti  dioxid, 
insoluble  pnrcipiiaUs  of  tbeae  sul>5ian<^«8  must  result.  The  wat«r  of  weIIs  and 
s{>rttigs  is  poor  m  oxygen,  and  on  ilw  <i[1ht  hand  rich  in  carbon  dioxid.  The  latter 
jivr*  It  ii»  refreKhinjj  itnd  stimu]alini>  prdjKTtips.  ]'"or  the  samr  reason  a  ifmrrot!* 
vcjtctablf  life  is  jiossibic  about  springs,  while  on  the  other  hand  thf  existence  in 
sj>riiig-wawr  aim  wel|-waicr  of  a11tm.1l  urvaiiiMiis  requiring  oxygen  is  extremely 
limitMl.  Freely  ruiin  inn  water,  however,  aliMirbit  oxyKcn  fmm  the  iiir,  while  jtivinj 
oil  carbun  dioKi'd.  and  llius  supplies  the  tiecessory  conditions  for  exist  en  ec  tu  fishes 
and  other  aquatic  animals,  Kivcr-watcr  cc>nt:iin»  aliout  frotn  j'^  to  ^  of  its 
volume  of  ah«orbed  gat^es,  whieh  may  he  driven  o&  by  l«oiIing  oc  fre«ains. 

The  water  from  welli  and  springs  chicHy  ie««cd  for  drinking- piirpoec*.  River- 
wnliT  (n/iih  whieh,  tmfortimntclv.  some  large  citii-«  m»iBl  yet  content  themselves) 
demands  first  a  cartful  remov.-il  of  the  clay  and  other  accidental  impurities  siis- 
pendcd  in  It,  It  may  be  cleared  and  punn'ed  \>y  means  of  targe  filter-beds  made 
of  thick  layers  of  stuid  mixed  with  eharciiivl.  Qn  a  small  scale  the  ci>:nmtrtial 
charcoal -filter  can  be  used  with  advantage  to  clarify  the  water,  the  charcoal  being 
in  addition  disinfectant.  In  thiu  cuiincctiou  it  is  a  noteworthy  fact  thai  alum  in 
a  dilution  of  o.eooi  per  cent.  i>  able  to  clarify  turbid  wat^-r. 

EXAM7RATI0N  OP  DRIHKIIIG-WATER. 

Drinking-water  (even  when  viewed  in  thick  layers)  should  be  perfectly  color* 
iesa  and  clear,  also  without  odor,  which  in  l>esl  iK-rcciwd  by  heating  to  <«'  C. 
with  or  without  addition  of  sodium  hydroxid.  Moreover,  it  should  not  l>e  too 
hard,  tlint  is,  not  unduly  rif  h  m  e.ilfi  ■.fcfllciuiii  and  magnesium. 

Hy  the  term  ifgrti/  .^J  knr.inen  is  designatod  the  content  of  compoimda  of  cal- 
cium and  magnesium  in  leo.oeo  parts  of  water  A  water  Of  so  degrees  of  hardness 
coniaint,  therefore,  m  lao.ooo  parts,  to  parts  of  calcium  (calcium  oxidi  in  com- 
bination trith  carbon  dioxid, snlpntinc  and  nydrochlonc  acids  (the  small  amounts  of 
magneuum  need  not  be  taken  into  consideration).  A  Koud  drinking-water  should 
not  greatly  excrcd  10  dcErres  of  hardness.  To  determine  the  degree  of  hardness 
n  titrated  sonp-solulion  may  be  used.  This  is  shaken  vilh  the  water  to  be  exam* 
incd,  and  the  later  that  fuam  appeal's  the  harder  ia  the  tvater.  'Hie  degree  of 
hardness  exhibited  by  unhciited  water  i»  desiRn-ited  its  tdal  kard>wis;  that  of 
heated  water  its  fvimatuni  hardncsi.  Uv  l>^eal1s  of  boiling,  tlie  calcium  carbonate 
principally  is  precipitated,  as  a  result  of  the  escape  of  too  carbon  dioxid.  It  is 
on  this  account  i  hat  boiled  water  becofln.-B  -.ofler. 

Turbidity  of  the  water  followng  the  addition  of  hydrochloric  acid  and  haritmi- 
chlorid  solution  indicates  the  presence  of  sulplturic  acid,  umially  in  combination 
with  calcium  * 

As  chlorin  (always  in  combin.-ilitm  with  n  metal)  ap;icani  only  in  smalt  quonti- 
tiea  in  pure  spring-waier.  and  as  its  presence  in  larxe  amounts  (apart  from  saliiK 
springs,  the  vicinity  of  ihc  sea.  or  toctory-BewerB)  generally  indicates  a  commo- 
mcation  with  watcr-elosvts  or  manure-heaps,  the  estimation  of  thi*  is  of 
eu>ecial  interest.  For  purpose*  o(  demonstration ,  so  cu.  em.  of  water  are  mixed 
With  a  lew  drop«  of  nitnc  acid,  and  silver  nitrate  is  added;  a  precipitate  of  »lv«r 
cblortd  results.  For  rjuantiiative  estimation  by  titration  tha-re  are  neeessor)'  a 
solution  A  of  i;  grams  of  erv'stalhied  silver  nitrate  in  1  liter  of  water  (i  CU.  cm- 
of  this  solution  pn-cipiiates  3.55  mgm.  of  chlorin  as  silver  chlorid);  and  also  a  cold 
saturated  solution  R  of  neutral  potassium  chromatc.  In  testing.  50  cu,  cm.  of  tbe 
water  to  be  examined  are  placed  in  a  tieaker.  i  or  jt  drops  of  the  solution  B  are 
added,  and  then  from  a  liuret  aolution  A  ia  jn^nniited  to  tiow  drop  by  drop  until 
the  pTLcii.'itate,  at  Iirst  white,  remains  red,  even  after  Btirring,  If  the  number 
of  cubic  centimeters  of  A  used  lie  mttltiplicd  bv  7.1,  the  .iniount  of  ehlorin  con- 
tatnedin  loo.eeepartaof  waterwill  beobtained.  ExamfAt:  if  50  cu.  cm.  required 
a. 9  cti.  cm.  of  silver -solution,  then  ift«,oee  parts  of  water  contain  j.j  .<  7.1  » 
>o.$Q  parts  of  dilorin.  In  good  dnnking- water  the  chlorio  ■taould  not  exceed 
IS  mvin.  in  1  liter. 

If  jo  cu  cm.  of  water  are  acidulated  with  a  lilde  hvdrochloric  acid,  then 
ammonia  added  in  excess,  and  tu  Uii*MBl|||H^MBnDnlum  oxalate  the  white 
preci)>itate  obtained  ia  caArtMi-  ■■"■'^^^^^^^■■IffiM'  ibe  resulting  turbiditv  is 
orUy  aiixhUy  doudy  or  tr  ^^^^■b  whether  tlie  water  i»  'ivp 
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ipoor  in  calcium)  or  hard  (rich  in  calcium).  After  this  caldum-predpitatc  has 
Bipttlpd,  the  clear  fluid  is  pouivO  o(!  and  mixed  with  a  solutUm  of  kkIiuiti  phi>s- 
pliale  and  a  liitle  ammonia,  the  crj'stalhtic  precipitate  that  now  forms  indicates 
the  preienee  of  tHagnaia. 

The  feebler  the  reactions  for  !iu1fihiiric  acid,  clikirin.  calcium  and  maenesiam. 
the  better  is  the  water  Good  drinkitis-watcr,  should,  moreover,  contaia  only 
traces  of  nitrates,  nitrites  and  ammonium-CDmpotmda.  as  their  presence  points  to 
orgaiuc  BuWtonces  contaiiuug  uitrogen  in  a  state  of  decomposition. 

.Vi/ri'£df»disiii(iicctcdwh«n  too  cu.  cm.  of  water  ar«  acidulated  vnthtvro  or  three 
drops  of  eonccnt rated  sulphuric  acid,  some  hits  of  aiinc  arc  added  and  tli^n  a  boIu- 
tionof  iodin.zincandGt&rch.nnda  blue  tint  appears  The  following  test  is  exceed- 
tnaly  sensitive;  some  (ragniema  of  brui-ui  sulpliate  along  with  a  drop  o(  the  water 
to  oe  examined  arc  to  lie  pUiced  in  a  wwUh-Kljixs,  then  a  few  drcjjis of  conccnl rated 
sulphuric  acid  are  added.  A  rose-red  color  appears  Hiphenylamin  sulphate 
mixed  with  a  few  drops  of  concenitalcd  sulphuric  acid  yields  in  the  presence  of 
nitrntes,  even  when  in  gn-at  dilution,  a  lilne  color.  Thi*  test  is.  therefore,  recom- 
mended for  the  dcmonstraiic^  of  well-water  in  milk. 

I>«inonstration  of  uttrMi*  actd:  To  190  cu.  cm  of  water  a  few  drops  of  pure 
concentrated  sulphuric  acid  and  a  solution  of  sine  iodi<i  and  tttarch  tire  added, 
a  blue  color  appeara.  In  addition  naphthionic  odd  and  pitre  i-naphthol.  thor- 
oughly mixed  in  a  mortar,  a»«  n-comniended  as  a  reagent.  To  10  cm.  cm,  <ji  the 
fiuid  to  be  examined  for  nitrites  two  drops  of  a  concetilnited  solution  of  hydro- 
chloric acid  ;md  a.s.  much  of  the  mixture  nieniloiied  as  c.in  be  taken  up  on  the 
point  of  a  knife  are  added  and  the  whulc  \.*  ihorouKhly  •thiikcn.  H  ammonia  is 
added  in  a  layer  on  top  of  this  mixture  a  red  ring  appears.  This  test  has  a  sensi- 
tiveness of  I  :  100  millions. 

Amtnonium-(>>tnf\)U>uii  in  considerable  aniouiit  r^-«dcr  the  water  suspicious. 
To  I  j&  cu.  cm,  of  waitTo.5  CU-  cm-  cf  si^lution  o£  sodium  hydrate  nnd  i.ff  cu.  cm. 
of  solution  of  sodium  carbonate  arc  addc-d  and  the  prrcipitnlc  is  nllowpd  to  settle, 
Ot  tbe  supernatant  clear  r!uid  n  column  1  ^  cm.  high  is  introduced  into  a  narrow 
graduated  cylinder  aod  mixed  with  NessVr's  reagent  (a  solution  of  niercunc 
lodid  nod  potaer^ium  iudid  in  an  excew:  of  pniautium  hydn<xid> :  Tr;u.v);  of  .-iinmo- 
nia  in  water  thtis  yield  a  color  between  yellow  aiid  red.  large  amounia  a  brown 
precipitate  of  mercunc-aminomuni  lodid. 

The  conlaminntion  t^f  water  by  dccompiwcd  animal  substances  will  be  recog- 
nized  by  the  amount  of  contained  nitrogen.  In  mcst  cases  it  is  suSictCDt  to 
determine  the  amuunt  of  nitric  acid.  For  this  two  »oluli(>n3  arc  ncceisarv:  A, 
cootaining  t.tSjt  i;ni.  of  potassium  nitriitc  to  a  liter  of  water,  i  cu.  cm.  ot  this 
eotitains  I  jji.im  cA  nitric  nrid;  B,  a  dilute  cotution  of  indigo:  1  part  of  pulvirriccd 
indigotin  is  slowly  added  with  stirring  to  6  parts  of  fwmmg  sulphuric  acid:  the 
mixture  is  allowed  to  settle,  the  blue  lirjuid  is  potired  into  40  times  iis  amount 
of  dintilU-d  water  and  then  tiltered.  Finally,  the  lluid  is  diluted  uith  distilled 
water  until  it  begins  to  be  transjiarcnt  in  layers  of  from  13  to  1;  mm.thicic  To 
teat  llic  ciViciency  of  B.  i  cu.  cm.  of  A  is  mLXt-d  with  n  cu  cm.  of  water,  lome 
table-salt  and  50  cu.  cm  of  cimccntrated  sulphuric  add  are  added  and  mi  much 
of  B  is  now  atl<7wcd  to  flow  fmrn  n  buret  until  a  faint  in'een  tint  ati|>eaTs.  The 
number  ol  cubic  ccntimclcrii  of  U  U2i;d  corrx-itponds  to  i  mgm.  01  nitric  acid. 
Twenty-hvc  cubic  ecntimcicra  of  the  water  tw  bt-  examined  »rc  mixed  with  jo 
cu.  cm  of  concentrated  sulphuric  acid  and  titrated  with  B  until  tl»e  green  color 
appears.  This  titration  must,  however,  be  repeated,  and  in  the  M'Cond  observa- 
tion the  number  "f  cubic  centimeters  of  indigo-sol uti on  be  twrmilled  to  flow  in  a 
stream:  a  somewhat  larger  amount  of  fluid  may  be  required  to  produce  the  yrc*n 
color.  The  number  of  cubic  centimeter*  of  sohitioii  B  thus  used  (in  pniporlion 
to  the  previously  ascertained  strength)  indicates  the  amoimt  of  nitric  acid  present 
in  35  cu.  cm.  of  water.  In  well-water  as  much  as  10  rogm.  citric  acid  i»  found 
in  tlio  liter. 

tifdngen  mif^id  is  rccojcnixed.  apart  from  its  odor,  through  the  brown  color 
importec!  to  a  piece  of  filler-paper  thnj  has  been  saturated  in  «n  alkaline  solution 
of  lead,  and  is  held  over  the  water  boiling  in  a  flask.  If  hydrogen  sulphid  is 
present  in  ciwnbination  in  the  water.  *oiiie  sodium  hydroxid  aiid  a  dilute  solution 
ot  sodium  nitro-jTUKsid  are  added;  a  reddish- violet  culor  appearing 

It  is  of  the  greatest  signiltcance  with  resjject  to  the  excclleneo  of  drinking- 
water  that  it  thouid  be  free  from  culrcfpug  I'l  Ji\t)inf'.:\sMg  urjantc  ntatUr.  The 
latter,  in  coniuiu-tion  with  the  lower  orgunitms  always  to  be  found  in  it. 
wben  ingested  with  drinking-water,  expuse  the  body  to  serious  dangers,  as  a 
Dumber  of  infectious  diseases,  especially  cholera  and  typhoid  fever,  can  be  spread 
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in  this  manner.  Th«  tatter  is  especially  the  ca£e  if  the  welk  in  u<te  lie  near  water- 
doseu  and  manure-hcapa.  ho  that  tlie  products  of  dccumixMition  can  I'lltcr  through 
irno  the  refler\'0)r  for  the  water. 

QMaiitative  DettiQniirniicti. — (i)  A  fairly  Urec  amouat  of  water  u  evaporated 
in  a  porcelain  dish  to  ilr\'>^v^^>  ^i^d  is  then  subjected  to  greater  heat.  If  large 
amounts  of  organic  mutter  ure  [)rc^i«nt  a  discoloration  Vetween  brown  and  block 
takes  place.  If  the  mntters  contain  nttro|;>-n  the  odor  of  huming  hair  appean 
St  the  same  time.  Good  water,  so  trratrd.  yields  but  a  faint  brown  color.  Micro- 
scopic examination  may  also  be  made  to  determine  the  presence  of  micro&rsanisms 
in  water.  About  i  cu'  cm.  of  water  is  :UIowed  to  «va]ior«tt-  iipiiii  a  slide  having 
an  up-lTirned  edgr  and  kept  in  a  place  free  from  dust,  and  the  dr>-  spot  it  examined. 
(li  A  solution  uf  gold- potassium  chlond  added  to  water  produces,  after  stand- 
ing fur  a  long  time,  a  black  muddy  prucipilatc.  (3)  A  fenUitiim  of  {mttiaitium  per- 
miinKiinijti:  added  to  the  water  nluttd  imder  covtr  is  tTiidunliy  drcolorised.  with 
the  loimntion  of  a  brown  muadv  deposit.  The  precipitates  from  3  and  3  are 
the  more  abundant  the  greater  the  amoimt  of  orj^ie  substances  present  in  Iba 
drinking-water 

^M(inJii<iii;W,i>  the  amount  of  orgimic  substances  is  determined,  according  to 
Kubel.  »s  fdUoHS.  Two  suhitioiis  are  required:  A.  containing  0.6^  ^raia  of 
pure  crvstalline  oxalic  acid  in  i  liter  of  distilled  water:  B,  containing  0-13 
er.-im  »{  piJtASiium  permanganate  in  i  liicr  of  purest  distilled  water.  For  the 
di'terminntion  p(  ihc  cfticic-ucy  of  the  Inller  100  cu.  cm,  oi  distilled  water  are 
placed  in  a  wide-ncckcd  bottle  of  300  cu.  cm.  capvacily.  together  with  5  cu.  cm. 
of  dilute  sulphuric  acid  (1  voljmic  of  acid  to  j  vulunics  of  water)  and  heated  to 
iKtilintf.  Into  this  from  3  to  4ru.  cm.  of  ».>hLtion  B  iirt;  ullovrcd  to  llow  from  a  buret 
Tirovidri]  with  o  gliuw  ^top-c^iek.  The  tnixturv  ii:  bulled  (or  ten  minutes,  the 
neat  ia  then  remo\'ed  and  10  cu.  cm  of  solution  A  art-  nddrd.  Finally.  th«  fluid, 
which  has  l>*come  colorless,  u  mixed  with  solution  B  until  a  faint  red  lint  appears. 
The  number  uf  cubic  oentiinelerK  used  corresponds  to  6.3  nigm,  of  oxalic  acid. 
which  anr  pretient  in  the  to  cu.  cm,  1^  sohition  A,  and  contains  exactly  3.16  m^. 
of  jpotaasium  permanganate,  or  oS  mgm.  of  oxygen  availat^e  (or  oxidation, 
wlitch  is  neci-ssary  for  the  transformation  of  tlie  6.3  mgm.  of  oxalic  acid  into 
carbon  dioxid. 

In  order  to  test  a  given  water  for  the  amount  of  organic  matter  present, 
109  ca.  cm.  of  the  sample  are  pLiced  in  a  fla^k  of  300  cu.  cm.  capacity.  5  cu.  cm. 
of  dilute  sulphuric  .ncid  are  added  and  so  much  of  solutitm  D  thai  the  fluid  becomes 
an  intense  r*d  and  remains  »o  even  when  heated.  After  hvc  minutes'  boiling, 
1  e  cu.  cm.  of  solution  A  are  added.  The  fltUd.  thus  made  colorless,  is  then  titrated 
with  solution  B  untU  a  faint  red  lint  appe.trs. 

For  purpcsrs  of  calcuLilion  .-is  many  cubic  centimctert  of  solution  B  as  are 
necessarj-  for  the  oxidation  of  to  cu.  cm.  of  solution  A  are  subtracted  from  the 
total  number  of  cubic  centimeters  of  solution  B  used  in  tlie  experinicni.  The 
ditTerence  in  cuWc  centimeters  ia  multiplied  by  3.16  :  x  if  the  proportion  of  potaa- 
sium  permanganate,  by  o.S  :x  if  the  proportion  of  oxygen,  ncoeasary  for  the 
oxidation  of  the  organic  substances  pn.-scnt  in  100,000  parts  of  water  is  desired 
(x  represents  the  number  of  cubic  centimeters  of  solution  B  that  corresponds  to 
to  cu.  cm.  of  solution  A). 

i'ratii/'f*.  —  Nine  nnd  nine-tenths  cubic  centimeters  of  solution  B  correspond  to 
10  cu.  cm.  of  solution  A.  After  acidulation  with  sulphuric  acid.  100  cu.  cm  of  the 
w«iin-  under  exiuninution  is  mixed  with  15  cu.  cm.  ul  solution  B  and  boiicd.  The 
red  fluid  is  d^-coloriicfl  b;,-  the  jo  cu,  cm.  of  solution  A,  To  restore  a  faint  red 
tint  4-4  cu.  cm.  of  solution  B  must  be  added.  BMimation:  15  +  44  -  ig.4; 
1Q.4  —  9.9  —  95.  Thcrcfiire,  for  the  oxidation  of  ilie  organic  'substances  in 
100,000  ports  of  water  (0,5  .■.  i.iftl  ;  g.9  —  j.ooU  of  putassium  permiin;;anate.  or 
(6. J  X  O.St  :  fl.9  —  c,;;  part  of  oxygen  hltc  necessaiv.  Bad  drinkinR-wiitcr.  espe- 
cially Mhen  it  contains  much  Organic  matter,  sitould  never  be  used  in  its  native 
state,  but  particularly  not  nt  a  ume  when  epidemics  of  typhoid  (ever,  of  cholera 
or  of  dyoentery  prevail  i>i<  threaten.  It  should  lie  urgently  advised  (hat  ibe 
water  bo  tbormij^ly  boiled  prcvimisly.  as  try  this  means  the  germs  of  infection 
are  destroyed.  The  resulting  insipid  taste  can  be  readily  improved  b>' means  of 
effervexent  powder,  stigaror  fruit-juice. 
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STRUCTURE    AWD    SECRETORY    ACTIVITY    OF    THE    MAMMARY 

GLANDS. 

About  ivfcnty  milk-ducts  open  separately  on  the  tip  of  the  nipple,  and  jiist 
in  advance  of  Chcir  mouih  present  an  oval  diliitini)  thelncteal  ttinus.  generally  ex- 
{Mwded  Utcraily-  Each  undcncoes  dendritic  romilication  and  ^suaet  to  a  spe- 
cial lobe  of  the-  gland,  -which  is  ttoiind  toecthcr  hy  loouc  inlcrstitioi  connccUvc 
tiasue.  Only  at  the  time  of  lactation  do  all  of  the  terminal  branches  of  the  milk- 
ducU  lead  to  round  f;landulAr  acini  arranRC^  in  croups.  Each  vencle  has  a 
nanbrana  propria,  upon  whit'h  exltM-nally  is  a  ncttvurK  of  )itiir-sli:i[?vd  Lv-innective- 
tissue  cells,  and  iTilemally  a  single  l^yrr  oi  somcnliat  fl.iHened.  polyhedral  and 
nucleated  aecreiory  cells.  According  lo  the  dugrcc  of  secrctorj''  activity  of  the 
acinuK  its  lumen,  at  Itmeii  narrow,  ut  oLIht  tinif^  ivi<k-.  isi  tilled  nilh  a  llutd  tn 
wliich  float  round,  shinini;  fal-eranulct  (mill;).  Fitirillary  connective  ti»ue. 
principally  arranged  in  a  circular  manner,  and  transvcrscd  externally  by  fine 
elastic  tib«n,  funnti  the  wall  of  tlie  glandulut  du^-l».  n-hich  are  Uucd  hy  cylindrical 
epithelium.  In  the  <ima!lett  of  these  a  membrana  propria  can  yet  be  recognized, 
which  is  continuous  with  that  of  the  terminal  veejcle. 

During  the  first  days  following  detivpr^-  [as  well  as  before  it),  the  breasts 
•cerele  little  milk  of  considerable  ccnsListency  and  yellowiih  color  (colostrum).  Jn 
which  larcc  cells  completely  lilied  with  (at>;;ranu1eK'ar«  preseni  (colosiirum-corpu*- 
cle^).  The  latter  appear  also  later  on,  when  the  discharge  of  the  mdlc  has  for 
a  uiiw  been  discontinued.      Somclinies   a  nucleus  is  recognizable   in   the  cells. 
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r  if  (.  cato«liuni'rar(KM(ln:  I.  calntl\*  iltuw  IhrUtvl. 

rarely  ameboid   movement   (Fig.  137.  c.d.r).     Xh,c  normal  secretion  of   milk, 
appearing  in  the  course  of  three  or  four  days,  is  a  productive  activity  of  the  gland- 

Heii1(fnh.i:n  and  Partsch  found  the  secretory  cells  in  the  inactive  t;l<>nd  (Fig. 
rt?,  })  to  be  flat,  p<)lyhcdrat  and  mononuclear;  on  the  other  hand,  in  the  active 

fland  often  polynuclcar,  cytindrical,  higher,  and  richer  in  allniniin  and  grviiulcii 
PiJt-  *37.  ii)-  The  five  ednc.  turned  toward  the  cavity  of  the  acinus,  undergoes 
charaeteHnic  changes  during  iwcreiion.  There  are  formeii  in  this  part  of  the 
cells  fat-granules,  which  arc  thmwn  off  dunng  siTcrrlioii,  together  «.-ith  the  de- 
tached cell-margin.  In  part  the  nuclei  also  degenerate,  their  product  hke\'ri«e 
passing  over  into  the  milk  (nuclein-conieni  of  milk).  The  -iame  celk  apju-ar 
to  be  able  to  perfonn  the  secretory  prtxvux  rciie:4lrilly.  nndcrgomi;  rei^i-nerat  ion 
during  the  penod  of  rest.  According  to  Biizojrcro.  Benda,  Michaclis  and  Unger, 
the  ctdls  actively  produce  the  fat-granules  and  throw  them  off. 

l..eiikocytcs  containing  fat-gTanule.-i  are,  further,  found  in  nitlk,  representing 
colo^itrum-corpu^k^,  and  isolated,  pale  cells  </l.  Some  milk-globules  still  have 
shreds  of  cell-substance  on  their  surface  (b).  With  re6|x;ct  to  the  formation  of  the 
individu.1l  constituents  of  milk,  H.  Thierfelder.  who  exposed  fresh  mammary 

S lands  to  digestive  processes  imm«diately  after  death,  found  that  dunng  the 
ige«ttOti  of  Che  gland  at  the  temperature  of  the  body  a  reducing  substuncc, 
probably  milk-sugar,  was  formed  as  a  rcxuit  of  fermentative  activity.  The 
mother-substance  (aaccharogcn)  is  soluble  in  water,  but  not  in  alcohol  or  etlicr: 
it  i*  not  destroyed  by  boiling  and  is  not  identical  with  glycogen.  Tlie  ferment 
forming  milk-sugar  seems  to  be  fixed  in  the  gl^mdularccll.  as  it  docs  not  pass 
over  into  the  milk  or  into  a  watery  extract  of  the  gland.     During  the  digestion 
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of  the  dammno'  gland  at  ilic  leoipcniturc  of  tbc  body  CAsclo  also  is  formed 
as  ft  mult  of  a  fermentative  process,  and  probably  from  serum -slbunun.  This 
fenneni  in  prvM-nl  in  the  milk. 

Till-'  iiiiimiKi/Jii'j'  arfi-'Ui  auJ  the  nif^ftr  arc  rharnctcrizcd  hv  pigTTiciilArv  deposits 
in  th«  cells  of  the  rcte  Malpi^hii  (during  ijivgnaney  more  at'vmd&nt  and  of  greater 
extent)  and  by  large  papiil.v  m  the  cutis,  sonte  of  iwhich  eontam  taciile  corpuscles. 
Nunterciii^  unstnuted  miiMJle-litx-rs  in  ttu-  deep  layen  o(  thu  oarium  unif  m  tb* 
Kti^K-iit.ineouK  tiKKtie  (:ilu;i>^  free  from  f«t)  suirouiut  the  milk-ducts  of  the  nipples 
and  in  port  also  pass  kin^itudinally  to  the  tip  of  the  nipple.  'Hic  glands  of  Mont- 
gomery, about  llie  aite  of  a  millet-seed,  situated  ilunnx  tartAliim  in  the  mam* 
miliary  :irco1a,  arc  small,  nutUili»r.  prominenl.  .-^ulMniOineouK  m|]k-Klands.  witb 
a  fpcci.il  duct  of  evacuation  at  the  summit  of  each  nodule. 

Aruri.-i  enter  th«  manunary  gland  frfm  diflcrcnt  directions  Tfaeir  Vranchet 
-do  not  accompany  the  glandubr  ducts.  Capillaries  arranged  in  a  network  sur- 
round the  ({lAndulnr  acini  and  ana^itomcMce  bv  means  of  unnll  arterie*  and  \-cins 
with  those  of  the  neighboring  vesicles  In  tne  mammiUary  areola  Ui«  vnins  ar* 
araBneed  in  the  form  of  rings  (circles  of  Haller). 

Tne  nervts  of  the  mammary  gland  arise  from  the  supra'Clavicular  and  the 
second,  fourth  and  sixth  interco«taJ«,  They  pass  in  part  to  the  *kin  of  the  gland 
and  of  the  hJKUy  sensitive  nipple,  in  part  lo  the  ^xs'K:ls.  and  in  part  to  the 
unstri^ttcd  musclc-filicrs  uf  the  nipple  and  to  the  glandular  veiUcIc^  theR»clves,  in 
wliieli  their  mode  of  termination  i»,  however,  ua  yet  unknown.  In  connection 
ihith  the  inveat^tions  of  the  mammary  glands  great  credit  belongs  to  C. 
Langer. 

Lymplnuirs  are  found  close  about  the  nlvroli.  often  distended  to  their  utmost, 
and  from  thi-m  mait-nnl  for  the  formation  of  milk  appears  to  lie  derived. 

Comparaiivc. — 'From  ten  to  twelve  nipples  are  found  tn  rvxlent*.  insectivora 
andcamivom:  othcrsamongihcse  animals  ha%'eonlv  four.  Pachyderms  and  mmi- 
nants  gcncr.illy  possess  from  two  to  four  on  the  abdomen,  the  carnivorous  whale 
lias  iwi)  Ht  tliL-  Mile  uf  the  vulva.  A]>cs,  Iials.  herliiv(irou.%  nhiile>,  clcphiint^  and 
sloths  Te.temble  nian;  the  haU-apcs  have  fromtvo  to  four  nipples.  The  duclt-bill 
(omithorhvncbus  paradoxusi  possesses  tubes  arranged  in  groups  (similar  to  skin- 
gland*),  which  OfK-n  without  nipples  upon  a  hairlesa  flat  areji  of  skin  The  mar- 
AUpials  earrv  their  undeveloped  young  in  a  museular  duplicjilure  of  the  nkin  of 
the  abdomen,  in  which  the  nipples  are  situated  In  Them  and  in  the  duck-bill 
there  is  s  compressor  muscK'  ol  the  mamman,-  gland,  which  promoitsi  the  evacua- 
ii(«i  of  nnlk. 

Development  of  the  Breast. — The  first  inclieatiun  of  the  brnuts  consists  on  each 
aide  in  a  transitory  elevation  pacing  doniiward  on  the  lateral  ahpccl  of  the  tborax, 
and  of  which  sulnscquenily  there  remain  only  tninciaie  and  nodular  formations,  the 
precursors  of  the  breasts.  The  further  development  of  the  latter  bcgina  in  both 
case*  aa  early  as  the  third  month;  l>ctwecn  the  fourth  and  fifth  a  number  of 
simple  tulxvl^kr  gl.inflular  ducm  nrrangeii  radially  are  already  present  baneath 
tht  hiirUfti,  c-\e.ivated  mammill.ir\*  areola.  In  the  new-bom  the  duett  already 
«xhil>tt  two  or  thrt*  liranuhes,  anil  they  are  pniviiled  with  diluted  extremities. 
In  l>nth  sexes  the  dtict>i  divide  in  a  ilendn'lie  manner  until  the  twelfth  j-ear,  tliou^ 
without  the  development  of  actual  acini.  In  girls  who  have  reached  puberty  this 
branching  j)roe«ed«  rapidly  and  extensively,  although  aluo  in  tlicra  the  gland,  rich 
in  connective  tissue,  exhibits  the  ftirmation  of  acini  nnly  at  the  perijiht-ry.  while 
only  with  the  occurrence  of  pregnancy  do  characteristic  acini  develop  also  in  the 
ccatcr  of  the  body  of  tbc  gland  along  with  relaxation  of  the  connective  tissue. 

In  the  cliiTiacteric  penod  all  of  thi-  acini  and  numemus  »mall  mtlk-ductt  dis- 
appear In  the  adult  man  the  mammary  gland  uxunlly  resemK]e«  that  of  the  nev- 
hnm,  having  undergone  invtihitiim  after  puberty.  Su'pemtimerary  nipples  on  th« 
breast  arenfmtcred  as  repri'scnt  tag  tndepfiident  openings  of  individual  mtlk-ducU. 
Supeniumer.try  glands  and  nipples  {kyptriHaftia  and  kypcrlhelia)  arranged  in  part 
irregularly  and  m  pnrt  re^utarly  in  rovr.H.  like  the  dugi  of  the  sow.  nnint  to  loctr 
original  multiple  Wginning  and  are  worthy  of  note  as  points  of  resemblance 
among  animaU. 

The  situation  i;f  a  breast  in  the  axilla,  on  the  back,  on  the  ocromJoajor  oa 
the  tibia  is  a  curiosity.     A  slight  >c^iliMiiMB|be  bcwMt  o(  I 
milk)  is  normal ,     On  the  other  tic 
among  the  greatest  raritiv-j      A.-* 
milk  (noted  also  by  Sch! 
frr<)i»cnllv'  Wieked,  and  gi 
irritated  l>y  noctl««. 
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The  fKurwfl/ioM  of  mv/fc  (from  joo  10  1500  cu.  cm.  in  twenty-four  hours)  is 
diM  not  aluiii:  to  the  purely  mech&nical  »C1  uf  Buclum.  but  alau  to  the  functional 
iictl\-ity  Qf  the  niamm»ry  Kltind.  The  Utter  conuats  primwily  in  erection  of  the 
nippls,  the  smooth  mugolc- fibers  of  which  exertitig  pressure  trn  the  tinuscs  of  the 
ducts,  so  thul  the  milk  niuv  spurt  forth  in  a  stwjim.  Miiwover,  the  gl&ndular 
atrueture  itself  js  refltxly  stimulated  to  mope  acti%'e  secretion  through  irritation 
of  the  senMiry  nervrs  o(  the  nipple. 

From  the  siiddrnly  diluted  glandular  vessek  a  transudate  pours  abundantly 
into  the  gland,  by  which,  admi.-ced  with  the  millc-corpusclca  and  tranaformrd  into 
milk,  it  i*  diadiarKcd.  The  amount  of  The  ncm-iion  depends  thu«  upon  the  decree 
of  blood- pressure.  .-Vccordinelv.  nut  only  the  milk  stored  up  in  the  breast  is  sucked 
out.  but  during  the  process  of^  Guction  secretion  is  accelerated.  "The  breast  is 
willing."  as  the  nurMnKwumen»uy.  Only  in  thia  niaiiTicrcan  be  explained  the  itp<.-edv 
arrest  of  the  secretion  of  millc  in  connectiun  with  sudden  emotional  excitement.whicn 
(as  anger,  fright,  etc.)  nets,  as  is  known  from  cxpericnee ,  on  the  vasomotor  nerves, 
LafTont  saw,  following  stimulation  of  the  mammary  nerve  of  a  bitch,  erection  of 
the  nipples,  dilatation  of  the  vessels  and  secretion  of  niitk.  After  section  of  the 
external  spermatic  ner\-c  in  goats.  Ecldiard  noted  absence  of  erection  of  the 
dugs,  although  the  formation  of  milk  suffered  no  interruption,  which  appeared 
only  after  section  of  the  nerves  on  both  aides.  Continued  stimtitalion  of  scnaorj- 
nerves  dimininhca  the  secretion.  The  rarely  observed  condition  of  galactorrhea 
is  perhaps  to  be  considered  iis  .1  »nrt  o(  paralytic  secretion  similar  to  the  anal<}Kou9 
SccretiOQ  of  sahva.  llcidcnbain  and  Fartscli  noted  increased  secretion  in  dogs 
when,  following  nection  of  the  glanduliir  nerves,  strychnin  or  curare  was  in- 
jeCted.     Atropin  docreases  the  amotint  of  milk. 

The  slight  milk-jetvr  appearing  with  thi-  commi-nci^ment  of  the  BCcrwtion  of 
milk  is  probably  duo  to  increased  stimulalinn  of  the  vasomotors,  whose  activity 
must  further  be  considered  in  relation  wiUt  the  transposition  of  the  mass  of  blood 
out  of  the  pelvic  cavity  after  birth, 

KILK  AKD  HILK-PREPARATIOffS. 

Milk  must  be  designatecl  a  complete  Ux-nl,  in  uhioh  alt  of  the  constitu* 
ents  are  present  in  such  proportion  that  the  Irady  can  thrive  upon  it.  Ac> 
cording  to  Johanncascn  the  proportions  in  human  milk  are  as  follows:  Albumin 
I.  fat  i,  sugar  4.1^  in  cow'n  milk  albumin  1,  fat  1,  sugar  1.4]-  Of  the  milk 
relatively  more  fat  is  absorbed  in  the  intestine  than  albuminates.  Hum<m  milk 
i*  utilised  up  to  91.6  per  cent.,  cow's  milk  to  90  per  cent- 
Milk  is  opai^iie,  bluish  white,  with  a  sweetish  taste  and  a  characteristic  odor, 
probably  due  to  peculiar  odoriferoua  bodies  in  the  cutaneous  secretion  of  the 
gland.  It  lias  a  spccitic  fj^vity  of  from  i.ojo  to  1.033.  On  standing  numerous 
butter- globules  collect  on  thi.>  surface  as  cnam,  beneath  which  is  a  watery  bluish 
layer  fluman  miUc  has  always  an  alkaline  reaction;  cow's  milk  is  at  times  alka- 
line. w>metiaic«  acid,  and  sometiiiie»  amphoieric.  The  milk  of  cariiivora  is 
ill  wars  acid. 

Milk  consists  of  the  fluid  (milk-pUtima.  plasma  lactis)  and  the  morphological 
conatituenls  suspended  in  it.  among  which  the  miik-globMUs  predominate.  If  the 
milk  be  clotted,  tli«  cktrtt-cakt  (placenta  lactis),  which  consists  of  cou^ulated 
casein,  containing  milk-globules,  separates  from  the  ufh*y  (serum  lactis)-  The 
latter  contains  some  dissolved  albuimn,  milk-sugar  and  most  of  the  salts. 

Milk-gtobulirs.  ot  Ismur- globule  1. — MicroKopically,  milk  contains  mnumerable 
small  glubulea  (Fig,  137).  Coloittruin-coniuseW  and  etitthelium  from  the  milk- 
ducta  arc  not  common  in  mature  milk.  Tlic  milk'glohules  and  the  swollen  cAsein 
cause,  on  uccouni  of  the  reflection  of  light,  the  white  color  and  the  ojiacily  of 
Titilk,  The  niilk-corjmsclcs  consist  of  butter-fat  and  are  apparently  surrounded 
by  ft  thin  layer  uf  citscin  (liaptoffcnic  mcmbrttncl, 

That  the  milk-corpusclcs  arc  acluallv  surrounded  by  a  capsule  of  casein  has 
lately  bet-n  dt'liiiii^-ly  dinivd.  Formerly,  the  fuHowing  observations  were  offered 
m  soM»on  of  the  prpsencc  of  the  capsule,  if  acetic  acid,  which  dissolves  the  eawin- 
CO^HW.  lie  added  to  a  microscopic  ptvoaraiion ,  the  milk-globules  run  together 
f?i-  .'   ."'.f'''^'""''  .  f ""'i*'",    if    cow"*    milk    bo    shaken    with  potassium  hyifroxid, 

t-comes 
viously 

lifinri     f     1!"*  '"  '=*>W8  ijiiii;  from  iia  capsule:  in  the  cose  of  human  milk 

UVlOn    or    ether    ami     •■huL.;.^.,.    ,.\..^^    «..(Rr._         ndmr    Inv^sltfRltmR      KmlH-vcr. 


wnKA  ti«truy5  tljL-  <-.wcin.cap.iu!e,  and  then  bt  mixed  with  ether,  the  milk  beci 
"-<aranil  trnnsiari..n[.  j,.^  tliu  ether  dissolves  all  ol  tfie  fat-granules.     Frcvic 
»,-„^y^'?''  "i  ","^'  Pottt-tsimn  hvdroxid  or  acetic  acid,  the  ether  is  incaj 

he  fnt  in  vow's  mili:  from  iia  capsule:  in  the  cose  of  human 

ether  and   shaking  alone  suffice-     Other  investigators,  however. 
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dtxiy  the  pr«««nc«  of  the  caMin-capmle i  accordinf;  to  tbem  milk  is  a  sunpk  emul- 
sion, pemuiB«ntly  maintained  n%  such  hy  meant!  of  th«  colloid  cacein,  M-htch  is 
simply  sflTollMi  in  milk-plasTnn  The  treatment  of  milk  with  pnttiKsium  and  ether 
renders  Hm  casein  of  tnc  plnuna  untitted  lo  maintain  the  emulsion  of  the  milk 
pemumently. 

The  jals  «/  tkt  milk-sL'ttulfi  (hiimim)  nre  Ihr  iriKlyceritU  o*  stearic,  palmitic 
■nd  oleic  acids,  in  Icsv-r  anionni  of  niyristic.  capric.  caprylic.  caprctc  .and  butyric 
acids.      In  addition  there  an-  found  traces  of  formic  acid  and  cholcstrrin. 

By  means  of  lonK-cvnti^ued  Icuting  oE  milk  (chuminK).  and  even  rovre  readily 
of  crrani,  the  fat  of  the  milk-Klobulct  (after  rupture  of  the  cixeiii -capsule)  is  ob- 
tained AS  butter  in  coherent  masses.  Btttter  is  soluble  in  alcohol  and  ether,  and 
is  purified  by  melting  at  60"  C,  or  by  washing  with  vatcr  at  40".  On  standing 
in  tlie  air  itbecomes  lanctd,  from  the  glycerin  of  the  neutral  butter -fats  being 
(leconipdiicd  by  the  uction  of  geimii  into  acrolein  and  fomiic  acid,  which,  with  the 
volatile  fatty  acids,  eive  the  odor. 

The  miik-flvtii  (plasma  laciis)  is  clear,  somewhat  opalescent  and  contains 
prviteids.  chief  among  which  is  casein,  tocether  with  a  small  amount  of  iaci- 
albumiM  and  lattoghbultn  and  tlic  opalescent  upaitun,  a  little  ttmeltiti.  pbospho* 
carnic  acid  and  a  trace  of  •iiaitatti.  ftrmt-nt  <in  human  milk) . 

Castin  ia  retained  in  the  filtration  of  inilb  b>-  meaiui  <A  fredi  animal  membfanc 
or  by  means  of  clay  cj-lindi^n.  It  can  aluo  be  completely  precipitated  out  of 
human  milk  by  means  of  saturnttnn  with  magncnum  su^hace,  from  eow's  milk 
b>-  means  of  a  little  acetic  ac\A. -Quantitative  DeUrntinatum  in  Ctm/'s  Milk: 
Tv'eoty  cubic  centimeters  of  cow's  milk  are  diluted  with  60  cm.  cm.  of  water,  and 
30  cu  cm.  of  a  I  in  1000  Milnhtiric-acid  solution  are  added  with  stirring;,  precipi- 
tating the  casein  of  cow's  miltc.  After  live  hours  filtration  is  practised.  tJte  filter  is 
waahed  with  water,  twice  with  alcoliol  and  tiftccn  times  with  ether,  and  it  is  then 
dried  and  weighed.  The  caM:in  can  be  conipletety  precipitated  by  addition  of 
■lum  at  a  temperature  of  37°  C.  Magnesium  sulphate  then  precipitates  the  globu- 
lin in  the  filtrate.  Globuhn  and  albumin  toother  are  precipitated  from  the  hitrate 
by  meatu  of  tannic  acid 

The  albumin  in  milk  coagulates  on  boiling;  in  addition  the  free  surface  be- 
comes covered  with  a  skin  of  insoluble  cai;enn. 

The  plasma  conuins.  further.  milk-SMgar,  a  carbohydrate  resembling  deittrin, 
lactic  acid.*,  lecitliin  (1}  times  as  n:iuch  as  in  cow's  milk). urea,  traces  of  kreatin, 
kreaiinin.  xan  thin -bodies  (potB-vsium  sulphocvonid  in  cow's  milk) :  soditmi  chlorid, 
potassium  chlorid.  alkaline  phosphates,  calcium  and  macnesium  sulphates,  alkaline 
carbonates  and  in  addition  tracer  of  iron,  inuiallic  fluorioa  and  silica,  corbtm  dioxid, 
Ditrojgcn,  oxygen  and  ammonia,     Human  milk  contains  nuinerous  staphylococci. 

TY\t  euraling  ^f  mtJJt  consists  of  a  eoagulation  of  the  cnsein.  The  latter  is 
comlnned  in  the  milk  with  calcium  phoepbate,  and  ia  therefore  soluble  Acids, 
which  remove  the  calcium  phosph  ote  from  the  casein ,  cause  coagulation  of  the  casein ; 
laeticacid  acts  moist  readily  in  this  connection,  then  hydrochloric,  nilrie.  sulphuric, 
acetic  and  phosphoric  acids.  Acetic  and  tartaric  acids,  when  added  in  excess,  re* 
dissolve  the  precipitated  casein.  Human  milk  is  not  curdled  by  all  acids,  but  only  b^ 
means  of  two  or  more  drops  of  o.i  per  cent,  hydrochloric  or  t  per  cent,  acetic 
acid  Heating  abnvc  130"  C.  coagulates  the  milfc.  acids  lieing  formed  fn>m  milk- 
sugar  us  a  result  of  the  action  of  heat  and  the  contaiacd  caacin  becoming  more 
coagulablc.  The  spontaneous  curdling  of  milk  after  standing  for  eomc  time, 
especially  in  the  heat,  results  from  the  formation  of  lactic  acid  by  the  bacillus 
acidi  lactici,  which  tranEforms  the  neutml  alkaline  phosphate  into  acid  phosphate, 
removes  the  calcium  phosphate  from  the  casein  and  thus  prrci  pi  tales  it.  The 
sugar  is  transformed  into  lactic  acid  and  carbon  dioxid.  Trie  bacillus  furnishes 
the  ilimulatioti  for  thi»  decomposition,  while  the  casein  of  the  milk  is  tbc  actual 
fermentini;  bmly. 

By  means  of  the  lab-fcrmcnt  milk  of  alkaline  reaction  may  l>e  coagulated 
(sweet  whey).  Tliis  fermciit  drcompoftes  the  caDcin  in  the  precipitated  cheese  and 
the  jcanty  l>ut  readilv  soluble  whcy-olbumin.  The  Ub-cOBKulation  ia  then  finite 
dilfcrcnt  from  the  others.  It  takes  place  only  when  calcium  salts  are  dissolved 
in  the  milk.  If  these  arc  precipitated  by  means  of  potassium  oxalate,  the  tab- 
ferment  no  longer  causes  cosKiuatton  ia  the  fluid;  this  latter,  however,  occurs 
again  as  soon  as  calcium  chlorid  is  added. 

Boiling  (bydestri>yingto«er organisms),  sodium  bicarbonate  C,r',-g).  amiDonia, 
salicybc  acid  (VAi).  als'-"  glycerin  and  etliereol  oil  of  mustard,  prevent  spontaneous 
eoaetilalion.  Fresh  milk  rendeis  iirM:iure  of  guaiac  blue:  boiled  milk  does  not. 
After  sunding  for  some  time  in  the  air  milk  gives  off  carbon  dioxid  and  abaorM 
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oxygvn.  At  ihc  some  time,  as  u  reiuH  of  the  ftctivi<y  of  siemis  that  develop 
r^idly  in  the  milki  ^).  an  incrcAu  of  the  fat,  together  with  that  of  the  alcoholic 
and  «th«T«al  oxtrftcts  at  the  expense  of  the  cnst^in,  is  brought  about.  Ac<:ord- 
ing  to  Schmidt -Malheim  some  casein  is  transfomied  into  peptone,  but  only  in 
unooilAd  milk. 

Miik-atiaiyiis.— Every  too  parts  of  milk  contain: 

Hl-uak.  Ca*.  Go«t.  Au. 

Water SS.3  M.e         i6.a$  £9.01 

C«ei« »■»-«■»  1.  ,.j  3-0  a-SJ  t.  3-. 

Albumiit  ...i... ©.3-0.5  I  0.3  i.ao  I  "^  " 

Butter    i... 3. SI  3.5  4.34  1.85 

Milk-suir«r 4-67  4.S  il^>  ,0, 

Salts  0.3  o.T  0651  '^^ 

Coiattrttm  contains  much  seruai-altnunin  and  little  cusein,  but,  on  the  other 
hand,  all  other  solid  substances  in  larger  amount,  ctmeciully  the  butter. 

Pllugi-r  .-ind  Scti;ch<'ii'>«*  foiitid  in  100  volumes  oT  milk  th*^  following  Ent)«Uincei 
by  volume:  carbon  dioxid  from  5,01  to  7,60;  oxygen  from  0.05  to  o.xa;  nitrogen 
from  0.70  to  1.41.  Tlie  carbon  dioxid  can  in  port  be  displaced  only  by  means 
of  jihosptioric  acid. 

Among  tbc  salts,  those  of  potassium  preponderate  over  those  of  sodium  {as 
in  the  red  blood-corpuaclea  and  in  meat) ;  al»>  a  considerable  amount  of  caldum 

{>ho«ph«le  is  present,  for  the  (onnatiun  of  tlie  b«re«  of  the  infant.  Wildenslein 
ound  in  too  parts  of  ash  from  human  milk  sodium  chlorid  10.71:  potassium 
cblorid  16, i3,  potassium  31.44,  calcium  18.78,  magnesium  o.S?,  phospuonc  acid  [9, 
ferric  phospnatc  oi.  sulphuric  acid  1.64,  silica  a  trace.  Tne  amount  of  salts  la 
influenced  by  that  in  the  food. 

Milk  exhibits  no  di/Icrcnce  in  the  nmwitnt  of  albumin  hcforc  and  after  nursing. 
Tbeamouotof  sugar,  however,  diminishes  after  nursing,  while  the  fat  increases  con- 
siderabh'.  With  the  progress  of  lactation,  albumin  appears  m^o&t  abundantly 
in  the  first  fix  month*,  in  lesser  amount  in  the  second  six  month*,  and  after  the 
first  year  it  decreases  still  more.  The  amount  of  fat  varies,  but  rather  incrcasca 
after  the  fmt  yirar.  Ttic  sugar  exhibits  a  pretty  uniform,  inccmaiderable  incrcaso. 
In  primipaiiB  the  tuuouot  of  solid  constituents  {9-67  per  cent.)  is  greater  than  in 
inullipane  (8.56  per  cent.).  Youn^  mothers  form  more  albumin  and  fat,  older 
mothers  more  sugar.  A  starchy  diet  yields  a  fatter  milk,  while  with  a  protcid 
and  fatty  diet  the  amount  of  albumin  and  of  sugar  increases.  Camerer  and 
SAldn«r  found  in  milk  11  body  resi^mbliog  the  bwiis  of  bone,  together  with 
hitherto  unknoivn  bodies  consisting  of  carbohydrates  combined  with  protoids. 
If  ]t  be  necessary  to  employ  the  mifft  0}  atiimah,  it  should  be  noted  that  cow's 
milk  Cbest  when  containing  much  fati  must  be  diluted  with  water  and  mixed  with 
milk-sugar.  Hcubncr  and  Hofmiinn  recommend  for  childrrn  from  one  to  nit;c 
months  old,  as  &  general  rule,  only  one  mixture,  consisting  of  1  part  of  cow's  milk 
and  I  part  of  a  solution  containmg  bit  grams  of  milk-suKur  in  i  liter  of  water. 
Soxhlet  recommends  a  mixture  of  a  parts  of  cow's  toilk  and  t  part  of  a  ti.3  per 
cent,  solution  of  milk-sugar.  ITie  casem  of  cow's  milk  varies  (^ualitativt^y; 
further,  it  appears  in  larger  Hakes  and  is,  therefore,  more  difficult  of  digestion  than 
the  small-daJced  casein  of  human  milk.  Ihe  casein  of  human  milk  does  not  spht 
oR  paranuclein  in  theproce»o(  digestion,  as  does  that  of  cow's  milk.  Boiled  cow's 
mtlK  is  somewhat  more  difficult  ofdigestion  than  unboiled  cow's  millc.  but.  never- 
theless, becaose  sterilized,  is  to  be  preferred.  The  milk  should  be  boiled  tor  ten 
minutes,  be  cooled  quickly  to  below  ifl"  C-  and  be  ke[vt  cool.  In  the  case  of  chil- 
dren more  than  tunc  months  old,  the  addition  of  water  is  progressively  diminished. 
Cow's  milk  may  also  be  diluted  with  advantage  with  bccf-tca.  I'or  children  that 
cannot  take  milk.  v.  Liebig  has  recommended  especial  soups  prepared  from  cow's 
milk,  water,  wheat-flour,  hop-Sour  and  sodium  bicarbonate.  The  starch  is  trans- 
formed, in  the  course  of  preparation,  into  sugar  and  dextrin  The  more  rapid 
ths  (wowlh  exhibited  by  mammala  the  richer  is  their  milk  in  albumin. 

Milk-urSi  — The  amount  of  crram  is  measured  by  pennilting  the  milk  to  Ktand 
for  iwmty-four  hours  in  a  cool  place  in  a  hiah  glass  c>'Iindcr  graduated  into  100 
pans.  Tlie  erc-am  that  collects  on  the  surface  should  amount  to  from  10  to  14 
Volumes  per  cent.  The  specific  groviiy  of  whole  cow's  milk  is  between  loag  and 
1031,  of  skimmed  milk  between  103a  ami  1040.  It  is  determined  by  meanh  of 
the  areometer  at  a  temperature  of  15®  C-  Every  degree  Celsius  more  or  less 
make3adiUerenceof-<i.i''</r  +■  o  »*oothgareom«t«r.  Should onlyan approximative 
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estimation  be  desired,  the  amount  of  tni](i>r  both  in  the  vhey  aa  well  as  in  Che  whole 
milk  dilutrd  with  water  can  be  titrated  directly  by  means  of  Pchlinv's  solution 
][i  cu.  cm.  of  which  corresponds  to  0.006;  gram  of  milk-sugar);  or  tiic  amount 
in  the  u'he^  may  bo  dtrc«rmined  by  mcana  of  the  polariaation-spparatus.  If  the 
eatinuitioo  ia  to  be  made  with  exactneu,  the  proteid  mutt  be  removed  from  the 
whey:  and  in  addition  the  (st-globules  dissolved  out  of  the  vholc  milk,  and  the 
(at  exiracted  'i"he  amount  of  woltfr.  as  com narrd  with  the  amount  of  milk-cor- 
pusclcs  (fat)  —the  latter  should  not  be  less  tlian  3  per  cent,  in  whole  mtllc.  and 
t^  per  cent,  in  half-skimmvd  milk— ia  determined  by  means  of  the  lactoscope  (the 
disphanometer  of  Donn^-.  moditicd  by  Voecl  and  Hoppe-Seylcr) .  This  consists  of 
»  glass  vessel  i  cm.  in  diameter  with  plane  paralk-I  walla.  A  measured  quantity  of 
ttvuk  is  introduced  into  the  vessel  and  water  added  from  a  (pvduate  until  thv  Uame 
of  a  li^jhted  candle  placed  about  a  meter  behind  the  apparatus  can  be  diitmctly 
seen  outlmed  (in  a  dark  room)  irith  the  eye  plared  directly  in  front  of  the  appara- 
tus. In  such  an  experiment  from  ?o  to  85  cu.  cm.  of  water  are  needed  for  each 
cubic  centimeter  of  good  cow's  milk  Feaera  gatacloscofv  also  is  ser^'iccab!e  in 
the  examination  of  milk,  tiven  m  the  hands  of  the  laity. 

The  following  mbctanccs  pass  into  the  milk:  fat  taken  with  the  food. 
numerous  odorous  substances  (ajtlae,  vermouth,  garlic,  etc.),  chloral  hydrate, 
opium.  indiKO,  salicylic  acid,  iodin,  iron.  zinc,  mercury-,  lead,  bismuth  and  anti- 
mony. In  cues  of  osteomalacia  the  amount  of  calcium  in  the  milk  is  increased. 
Potaitsium  iodid  dimininhcs  the  secretion  of  milk, 

Ahn.  tnial  admixlw.-.  include  hemoElobin,  bilian-  pigments,  mucin,  blood- 
corpu^clea.  pus,  ftbrnous  clots,  tubercle- bacilli  ana  other  bAcilh.  Numerous 
germs  develop  in  cvacuateil  milk,  nf  which  the  bacillus  cywiogetius.  which  occurs 
rarely,  jtiveti  the  milk  a  sky-blue  color  It  is  the  milk-serum  that  is  blur,  not 
the  germ.  There  arc  also  schixomycetes  that  produce  bluish-black  and  green 
colors.  Red  and  ^-cilow  milk  are  also  observed  as  a  remit  of  similar  action  by  other 
chromoKcnic  schisomycetes.  Red  milk  is  due  to  the  notorious  micrococcus 
prodigioGus,  which  is  itself  eolorlcBs,  and  also  n-  the  bacterium  crythrogcnca; 
vcllow  milk,  to  the  baciltua  synxanthus.  Scnnc  of  the  piKments  fomKil  aeem  to 
be  related  to  the  aniline  dye*  and  others  to  those  bclonginj;  to  the  phenol-groap. 
As  the  possihiliiy  of  the  entrance  also  of  ntlicr  pathogenic  germs  cannot  be  eJt- 
cluded.  the-  milk' should  be  steriliied  by  boiling. 

The  n-nnet-liUt<  iiclivity  of  biictena  i»  widevpread,  »o  that  they  coagulate 
and  prptimixe  casein  .ind  finally  cause  further  decompositions  Thus  the  btit)Tic- 
acid  bacilli  first  irause  the  coagulation  of  the  casein,  which  they  then  peptonize 
and  later  deeoniiinse.  with  the  devi-lo^imcn t  of  ammonia.  Milk  becomes  viscous 
from  the  nclimi  nf  thr  hacilhis  lactls  viscnsus,  perhaps  in  other  ways,  just  as  beer 
and  wine  may  Iti-cinic  "long." 

Preparations  of  Hilk.  — i.  Condensed  MilM.  Eighty  grama  of  cane-sugar  are 
added  to  each  htiT  ■..■(  milk,  the  mixture  evaporated  iv  one-fifth  its  volume  and 
tht^n  tenled  in  tin  eann  while  hot.  Pot  the  u«e  of  nursing  infants  a  teaspoooful 
is  diss/jlved  in  a  pint  of  cold  water  and  then  hniled. 

).  Aa  a  food  replacing  albumin  A.  Salkowski  recommends  the  following  prep- 
aration of  eajEein:  Casein  3o  parr.s.  sodium  phii»i)hate  1  pari«.  uater  300  parts, 
or  the  soluble  ammonia -compound  prepared  by  rtmductmg  ammonia  over 
casein  (tHcasin):  Rohmami  advises  acid  casein-calcium  ^  Kfams.  milk-sugar  45 
grams,  di-sodtum  phoiqthatc  037^  gram,  monopoituLiium  pTiosphatc  o.ijj  gram, 
calcium  ehlorid  o  04  gram,  potassium  chh^d  0.3  gram,  magnesium  acetate  0.9I 
gram,  water  100  grama. 

J.  KoMtfiiss  and  Ktfyr.  The  Kirghese  are  accustomed  to  produce  alcoholic 
fermentation  in  mnre's  milk.  Aad  the  Cnueosian  mountaineers  do  the  same  with 
cow's  milk.  .As  a  renult  of  the  addition  of  «f)tir  milk,  which  contains  the  bacterium 
Incticum  and  the  bacillus  eaucaBicits.  the  unfermentahlr  milk-sugar  is  transformeo 
inic  fermentable  glucose,  and  by  the  action  of  yeast,  which  is  present  in  an  nd- 
diticMi  of  comi^eted  koumiss,  al'crjholic  fennemilion  of  the  glucose  takes  place, 
the  mixture  being  vigorously  stirred.  K''""-"-  ,■■■-•-■'■-  (-.-^.  .-1-..  >..  ihr.*-  per 
eeni.  of  alcohol.     The  casein,  which  is  |  ^'y 

di^.siilved  again,  i.t  lmn!ifi)rmed  inlii  acid-.ni  1  ii'    :■         '    "*!*»* 

(dispora  oaucosica)    also  gives   rise  to  a  liimilor  pn:paTat 

Kptones.      In  a<Mition   to  the  kcfj^r-fiin^iK,  ilnre  »»,'- 
:tictjin  and  a  schieomycele  that  ■  .      " 

that  forme  lactic  acid  and  annther  ^.r 
and  Vc^r  arc  also  prvpared  at  some  hi  .-lii  ii-n-si  nu 
4.  Ckees9  is  prepared  by  coagulating  skim-mil' 
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(fat  cheese),  by  means  of  rennet,  permitting  the  whey  to  run  off  and  well  salting 
the  coagulated  mass.  After  some  time  the  cheese  ripens,  the  casein,  probably 
with  the  formation  of  sodium  albuminate,  becoming  soluble  in  water  once  more. 
In  some  kinds  of  cheese  liquefaction  occurs,  with  the  formation  of  peptone  and 
diastatic  ferment  as  a  result  of  the  action  of  the  cheese -spirillum  (spirillum 
tyrogenum) .  On  further  decomposition,  leticin  and  tyrosin  appear.  The  amount 
of  fat  in  the  cheese  increases,  while  that  of  casein  diminishes.  Later  on,  the  fats 
decompose;  the  volatile  fatty  icids  yield  the  characteristic  odor.  The  formation 
of  peptone,  leucin,  and  tyrosin  and  the  splitting  up  of  the  fats  suggest  the 
digestive  processes.     Cheese  contains  also  saprophj-tic  microbes. 

EGGS. 

Eggs  also  must  be  looked  upon  as  a  complete  food,  as  the  organism 
of  the  young  bird  is  capable  of  developing  from  them.  The  yolk  contains, 
as  the  characteristic  albuminous  body,  vitellin;  also  an  albuminate  in  the 
capsules  of  the  yellow  yolk-globules,  the  egg-casein,  which  is  precipitated 
by  means  of  a  one  per  cent,  solution  of  sodium  chlorid,  on  combining 
with  oxygen;  nucletn  from  the  white  yolk;  fats  in  the  yellow  yolk 
{palmitin  and  olein);  cholesterin,  much  lecithin,  and,  as  a  product  of 
decomposition,  glycerophosphoric  acid,  grape-sugar;  pigments  (lutein), 
including  one  containing  iron  and  related  to  hemoglobin;  finally  salts, 
qualitatively  as  in  the  blood,  quantitatively  as  in  the  blood-corpuscles; 
gases. 

The  white  of  the  egg  contains  egg-albumin  as  the  principal  con- 
stituent, in  addition  to  some  globulin,  mucin-matter  and  albumose,  also 
small  amounts  of  palmitin  and  olein,  partly  saponified  by  sodium ;  grape- 
sugar  ;  extractives ;  finally  salts  that  resemble  qualitatively  those  of  the 
blood  and  quantitatively  those  of  the  serum.  There  are,  besides,  traces 
of  fluorin.  On  a  diet  of  eggS  and  also  on  a  diet  of  roast  meat,  relatively 
more  of  the  nitrogenous  constituents  are  absorbed  than  of  the  fats. 

MEAT  AND  MEAT-PREPARATIONS. 

In  the  form  in  which  it  is  consumed,  meat  contains,  in  addition  to 
the  proper  muscular  tissue,  an  admixture  in  greater  or  lesser  amount  of 
the  elements  of  fatty,  connective  and  elastic  tissues.     Beef  freed  from  fat 
and  dried  contains,  according  to  Argutinsky,  carbon  49.6,  nitrogen  15.3, 
hydrogen  6.9,  ash  5.2,  oxygen  and  sulphur  23  per  cent.     According  to  H. 
Schulz  the  amount  of  sulphur  present  is  i.i  per  cent,  of  the  dried  muscle. 
The  chemistry  of  muscle  is  fully  discussed  on  p.  548.     The  proteids  of 
muscle  are  contained  in  the  contractile  substance  and  in  part  in  the 
saturating  fiuid.     The  fats  are  derived  for  the  greater  part  from  the 
inter-fibrillary   fat-cells,  the  lecithin  and  cholesterin  chiefly  from  the 
muscle-nerves.      The  gelatin-yielding  substance  is  supplied  by  the  con- 
nective-tissue fibers  of  the  perimysium,  the  perineurium,  the  vessel-walls 
and  the  tendinous  parts.     The  red  coloring-matter,  which  is  present  in 
varying  amount  even  in  the  muscles  of  the  same  animal  (red  muscles 
and    white  muscles),   is  hemoglobin.      In  addition,  some  muscles,  for 
^ample  the  heart,  contain  the  related  substance,  myohematin.     Elastin 
ores^it  in  tiie  sarcolemma,  the  neurilemma  and  the  elastic  fibers  of 
'''unysium    and  the  vessel-walls.     Keratin,  in  small  amount,  is  de- 
"l  the  endothelium  of  the  vessels.     The  following  are  to  be  con- 
'-t>Toducts  of  the  retrogressive  metamorphosis  of  the  muscle- 
which  also  they  occur  in  greatest  amount :  kreatin 
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25  per  cent.,  kreatinin,  sarcin,  3^anthin  (especially  in  fasting  pi^ons), 
carnin  (oxidizable  into  xanthin,  present  in  meat -extract),  uric  acid 
(urea  0.01  per  cent.).  There  are  present  further  tnosite  (abundant  In 
the  muscles  of  alcoholics),  inosniic  acid  (inconstant),  phospho-oamic 
acid,  resembling  nuclein  and  decomposing  into  camic  acid  (C,b.\',OjH,(), 
and  a  carbohydrate,  and  also  snme  nttn-coagulablc  .albumin,  taurin 
(especially  in  cold-bloodftl  animals),  some  gTspe-sitgar.  glycogen  (0,4^ 
per  cent.)  abundantly  in  feial  muscles.  Further,  meat  contains  lactic 
acids  together  with  volatile  fatty  acids.  Among  the  salts  the  potassium- 
compounds  with  pbfiitphoric  acid  predominate;  magnesium  phnsphatA 
predominates  over  calcium  pho.sphatc. 

According  to  Schlossberger  and  v.  Bibra  100  parts  of  meat  contain 
the  following: 


Water 

Solids 

Soluble     albu- 
min.- 

Coloring  -  amt- 
t«r.   

Gluttn 

Alcoholic  extr&ot 

Fats 

Ittioluble  albu- 
min, veaels. 
etc 


Ox. 


CUf. 


77.50     7«.«o 
■1.50     31.80 


a.M 


i7-S« 


>.6o 


li.ao 


Vto. 


74*S 

"S.37 

'•9* 


16.&I 


no. 


78^0 
31.70 


74.4$ 

»5S5 

t.93 


CmpttK.    C*ir 


39.70 
3.0 


11S.81      15.54     '^-Sf* 


a.3S 


Pkoa- 


79.78      80.43 

30.2)        19.57 


1.86 


ii-ii      11.67 


too  parts  of  meat-asli  contain  the  following: 

j        Home. 

Ox. 

Cu-r. 

PlO. 

'3:IS 

as-M 

34-40 

37-79 

Sodium   . 

a-3S 

4.M 

HagncisitiTii 

3.8R 

3-3  « 

»4S 

4.81 

Cslcium . 

i^ 

1.7s 
5-So 

1.99 

;-54 

Potassium                                   .     . 

. , 

ScKliuni                                       ', 
Chlorin,                                      1 

1-47 

1 

4-8fi  . 

10.59 

0.40 
0.63 

Ironoxid,  , 

1. 00 

0.98 

0.17 

0.35 

Fhospboric  tK-iH 

46.74 

34-36 

48.13 

44-47 

Sulpnunc  :ici<l. 

0.30 

3-37 

,  , 

Silicic  Acid 

,  , 

3.6? 

o.8t 

Carbon  dioxvJ 

8.03 

Ammonia.          .    .      .    ....      . 

«-^S 

■• 

Potasiium   and  sodium  may  partially  replace  each  other.    The  Aeth  of  the 
pike  contains  almost  twenty  times  he  much  calcium  aa  does  beef. 

Tlui  amnunt  of  fat  in    mtM  is  cxcrtdingly  variable  in    accnrdancf  niili  the 
•t&te  of  nuirition  of  the  animal.     In  too  pans  of  human  Aceb.  aftsr  tb«  vinble 
fat  has  been  cut  away,  it  is  fmm  7  to  ij:  in  t>cef  fiom  it  to  la:  jo  vcii] 
mutton  3,901  in  wild  i:ouM!  8.80;  in  chicken  1.50. 

The  amount  of  extractives  U  mosi  abundant  tn  t' 
that  cxlitbit  vigorous   muuular  ac.iMiv,  thcrcfofo  ■ 
ecvere  muscular  exertion  the  ext^lc1l^<:t  incica>e.  t» 
lactic  acid  ic  formed,  the  meat  as  a  rc«ult  becomin, 
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to  ilie  ta«tc.  Amnng  th«  i^xtrftctivM  there  arc  some  that  hav«  a  fitimulating 
inflitcncc  on  the  nervous  s>'^icm.  )iiich  as  kre&tin,  kreattnin,  etc.  and  some  th^t 
give  to  the  flesh  the  pleiUunt  ch:ir.-ic  tens  tic  tuste  (o^iiiazoiiut).  The  latter  u 
uue  in  part  also  to  the  v«nou8  fats  in  the  meat,  and  at  Limes  it  appears 
distinctly  only  on  preparation.  In  100  part»  o(  meat  the  amount  of  extracttx'et 
is  in  roan  ano  in  piscons  3.  in  deer  and  m  ducks  4.  in  swallows  7. 

Preparation  01  Heat. — ^As  u  gena'al  nilc  the  tWh  of  yotini;cT  animals  ia  more 
tender  and  morccasily  disc^cd  than  tliat  of  older  animals,  bncuuscthcsarcoknuna. 
tbo  connective  tissue  and  the  elastic  constituents  arc  less  tough.  Further,  after 
being  allowed  to  h«nf-  for  a  whilv.  the  (k^  ix  still  more  ti-nder,  because  the  inosite 
is  converted  into  sarcoloetie  oeid,  the  jlvcogen  mto  sufar,  and  the  Inttcr  into 
lactic  acid,  so  that  the  constitucnU  of  tlic  meat  undergo  a  sort  of  maceration. 
Meat  is  funher  always  more  easily  attacked  by  the  digestive  juices  when  in  a 
Unely  divided  state  than  when  in  large  pieces,  and.  finally,  it  should  be  noted  that 
•dccfuat^ely  Ijoiled,  xirained.  In-oiled  or  roasted  meat  ix  easily  digestible,  atthoujgih 
not  so  rapidly  as  raw  meat  In  the  preparation  the  heat  should  not  be  too  in- 
tense or  too  long  continued,  because  in  such  an  event  the  muscle-fibers  become 
hard  and  much  iinniiiken.  On  the  other  hand,  thvoe  [licces  o(  meat  that  arc 
heated  to  about  60^  or  70"  C.  such  as  the  pieces  from  the  middk  of  a  large  roast 
(hat  yet  ii-ivc  a  rosy  but  not  bloody  appearance,  arc  most  easily  digested,  as  this 
temperature  is  quite  sulticient  with  the  aid  of  the  acid  in  the  meat  I0  transform 
the  connective  tissue  into  gelatin. 

Thus,  the  meat  fall;  apart  nnd  the  separate  fibers  are  readily  isolated  in  the 
stomach.  To  obtain  a.  piece  of  good,  readily  digestible  meat,  a  large  cubical 
block  is  taken  and  its  surface  is  suddenly  expottd  to  strong  heat  by  fr>'inff  in  fat 
or  imnierttrin  inboilini;  wAtfrr.  In  this  manner  a  BrmlycoaKulated  layer  of  iubumin 
fonTi5  on  the  surfiicc.  which  no  longer  allons  the  juices  of  the  meat  to  escape 
from  the  interior.  'I'hc  reddish,  juicy  parts  from  the  interior  of  a  piece  of  meat 
thus  prcpaied  are  the  most  ciutrttious  and  th«  most  readily  diKvsted,  while  the 
hafd  ana  much  shrunken  outer  crust  resists  the  digestive  juicei  (or  Kome  time. 

MMU-hrt>ih  is  most  mitnWy  pr^-jiarsd  by  permitting  thoroughly  chopped 
meat  to  stand  for  some  hours  in  cold  water  atid  then  boiling,  v.  Liebig  found 
that  out  of  too  parts  of  chopped  bi-ef  thus  treated,  but  b  parts  past  over  into 
the  cold  water.  Of  these.  3.05 parts  are  ajfain  precipitated  as  coagulBtcd  albumin 
id  for  the  srtrater  part  skimmed  otT  and  thrown  away,  so  that  only  $.of  parts 
lain  dissolved.     Of  100  parti  of  chicken  fi  parts  are  extracted,  of  which  4.7 

coagulated  and  .i.j)  |>itrts  dissolved  in  the  broth,      Bv  protracted  boiling  a 

part  of  the  coagulated  albumin  may  again  pass  into  solution.  I'hc  dissolved 
Bubstanccs  art::  1.  Ini.<rKii»ic  KtUs  of  the  meat,  of  which  63.37  per  cent,  pass  over 
into  the  broth.  The  boiled-out  meat  retains  principally  the  earthy  phosphates. 
a.  Kreatin,  krcntinin,  lactates  and  ino«inntcs,  whicn  giv«  to  the  meat-broth  its 
stimiihiting  and  ner«'e-atrcngtheningpowcr.  nawvll  as  a  small  amount  of  cxtract- 
ivea  of  pleasant  taste  and  some  glycogen.  3.  Gelatiii.  which  is  obtained  in  con»d- 
erablc  amount  from  the  fleuli  of  yuunuer  animals. 

In  accordance  with  the  facts  and  figures  presented,  tnrat-broth  is  thuK  to 
be  considered  really  aa  merely  o  highly  valuable  stimulant,  acting  as  a  re- 
storative  to  the  muAck-it,  but  uot  as  a  food  in  the  ordinary  scum:  of  the  word, 
tor  the  constituents  of  the  meat-extract  and  the  kruatin  leave  the  body  in  the 
urine  in  a  oractically  unchanged  condition.  Troni  largt-r  piece*  of  meat  cooked 
in  the  broth  cvi-n  fewer  constituenls  ar«  obtained  Such  cooked'Oul  meat  ac- 
cordingtv.  provided  it  i.*  not  much  shrunken  by  exceiiive  boiling  and  therefore 
rendered  difficult  of  tlijfirslion,  possiTsw--!;  a  high  nutritive  vnlut-,  which  ik  usually 
underestimated  by  the  laity.  On  the  other  hand,  the  preparation  of  meat-brotn 
at  home  is  a  real  luxury,  its  so-called  strength  in  the  sense  of  the  Isity  being 
a  pure  illusion. 

y.  V.  Lubig'i  Xhat-ectTact  is  a  fat  tree  meat-broth  containing,  however,  some 
gelatin  and  clycogcn,  and  also  about  jo  per  cent,  of  albumoscs  and  peptone.  It 
IS  prepurud  from  finely  clwpped  beef  or  muttun,  in  parts  of  South  America  end 
Autttriilin  where  beef  is  plentiful,  and  i»  evaporated  in  wide  di»hes  on  a  water- 
''■-*'■  •  1  "  o  consiatc-ncy  of  an  cxtmct.  Hy  solution  in  water  .1  cheap  meat-broth 
:  readilv  obtninodr  t  kilogram  of  beef  yields  31  gram?  Hy  bmling 
wild  fiiiucK  (gdiitini.  some  beef-fat.  pot-heibs  and  addition  of  salt 
;  I'jtcly  ri'pl.icinf;  frfsh  broth  is  utitained.  The so-ciUed  "bouillon- 
V  consist  almost  entirvly  of  desiccated  gelatin,  which  is  obtained 
»8  Tier  rent,  from  bones  boiled  in  Papin's  pots  under  high 
rnen  dtssotved  in  lioi  water,  naturally  cannot  replace 


430 


VBCITABLB  roODS. 


nveai-broth:  Uiey  can,  however,  be  advBataseously  employed  in  con;iincii<» 
with  V.  Liebic's  iiKat- extract.  In  boiling,  meat  loNCS  weight,  principally  thiougli 
loss  ni  water,  as  follows:  hevi  i^  per  c«it..  mutloa  to  per  cent-,  chicken  13.5 
per  cent.  In  rottsting  the  same  kinos  o£  meat  the  Iom  is  re«pecti\-ely  19  per  cent . , 
t4  pet  cent-.  34  percent. 

y.  V.  Litlng's  " Ittfitium  cartiti  frigid^  pataium"  is  prepared  liy  mixing  finely 
cfiOMtfoj  meat  with  t  :  1000  hydrochloric  acid  (3  m.  cm.  of  fumiii^  hydrochloric 
acia  to  1000  cu.  cm.  of  water),  itirring  frequently  and  exure&smg  BftersoiDe 
hoim.  The  almost  taxtelcM  fitud,  which,  in  addition  to  the  constituenift  of 
the  hroth.  is  also  rich  in  albumin,  is  often  useful  in  cases  with  enfeeble  dieestion. 
Albumin  is,  however,  precipitated  by  the  addition  of  sodium  cblorid  or  by 
Soiling.  LeuW  «nd  J.  Hoicnthal  reduced  such  a  mixture  of  hydrochloric  acid 
and  meat  to  a  gelatinoui  spongy  eondition  (eontaininjt  but  ht'tle  peptone)  by 
heatinr  under  high  pressure  in  hermetically  sealed  vewwlfi.  The  meat-solution 
thus  obtained  is  employed  advantageouKly  in  oases  of  weak  stomach 

Of  othfr  methcdi  cj'  prestTvation  there  are  yel  tu  be  mentioned  the  canning 
in  ita  own  juicex  of  meat  boikd  at  a  tempt-raturi?  "t  too",  the  dM'my  of  fat*free 
meat  cut  into  long  narrow  strips  (the  i^eminican  of  the  Indians) :  dried,  powdered, 
salted  beef  fcarnc  pura).  C.  v.  Voit  di5Co>-ercd  thai  the  nutritive  value  of 
meat  is  not  imjiaired  to  any  great  degree  in  the  process  of  pickling.  He  found  in 
picVled  meat,  m  addition  to  increase  tii  sodium  ehlorid,  a  loss  of  water  of  10.4 
percent.,  of  organic  mnltcrs  a.i  tier  cent.,  of  albumin  i.i  percent.,  of  extractives 
ij.j  per  cent.,  of  phosphoric  aci<!  8.5  per  cent.  The  practice  of  smoking  is  b<i«ed 
upon  the  aaliieptic  action  <>f  the  smoke. 

Poor  quality  and  decamf^ntion  0}  mtal  mav  result  frnm  the  development 
of  the  alkaloids  of  put refHCiion  (ptomains).  as  well  as  from  the  action  of  bacteria. 
Such  a  condition  should  always  cause  rejection  of  the  meat.  Although  it  is  often 
enough  consumed  wiih<n]t  Iwd  residt,  mi  the  pojjulariiy  of  the  "haul  goilt"  or 
"guney  taste"  demonstrates  At  least,  the  meat,  before  being  rnlen.  should 
ahniys  be  thoroughly  boiled.  The  dccompasilinn  of  sausages  and  aimilaily  pre- 
pared meat  at  times  reiulta  in  the  development  of  a  peculiar  aiid  «ven  fatal 
poison,  the  sjiusage-poison.  Occasignally  the  decomposition  of  m*,-at.  particu- 
larly also  'if  fish,  pv<s  rise  to  a  pecuhar  actively  phosphorescent  light,  due  to 
the  development  of  lower  organisms.  The  use  of  such  meat,  however,  does 
not  seem  tc  be  direeity  nyuriouH.  A  knowledge  of  the  iiecurrenee  of  the  Iricluna 
spiralis  in  pork  is  hisliiy  important:  alsn  of  blailder<i«-urin$  vaiying  in  si':c  from  a 
pea  10  a  besR  in  pore  and  beef,  the  development  of  which  into  tapeworms  is  dis- 
cussed under  Reproduction.  The  cysilocrcus  of  bothnocephahix  latua  is  found  in 
the  pike. 


VEGETABLE  FOODS. 

The  nitrogenous  constituents  of  plants  arc  less  readily  absorbed  than  those 

of  animal  foods.     Nevertheless  the  former  may  completely  replace  the  animal 

proteids.  provided  they  contain  an  equal  amount  of  nitrogen.     Carbohvdnttes. 

starch  and  sugar  arc  quite  completely  absorbed  and  even  some  cellulose  is  digested. 

The  greater  tlie  amount  of  fat  in  vegetable  food  tlie  less  the  carbohydrates  are 

digested  and  absorbed. 

Among  the  vegetable  articles  of  food  the  certali  occupy  the  first  place.     They 

contain  proteids,  Etareh.  and  salts,  together  with  water  to  about   14  per  cent. 

The  nitrogenous  gluten  is  most  abundant  beneath  the  capiule,  so  that  the  use 
bf  tiiiply  viniund  bran  in  coarnr  tiri-,id  M-em.i  plilu^ib^L■  fur  gimil  digi'.ilive  organs: 
ntilhough  the  varieties  of  bread  that  contain  a  considerable  amount  of  bran  are 

digested  with  appreciably  greater  difficulty,  as  the  ccllulose-menibranc  of  the 

i:Iutcn-lavcr  is  scurcely  diimnrved  in  the  pmci;»xof  ilige«lion.     Rye-bread  is  aiinimi- 
ateil  with  greater  dimculty  than  whcal-bread.     For  commercial  bread  a  mixture 
of  both  kino*  of  flour  i«  advisable.     Quantitative  composition: 

M*  para  U  ctrMl  Mb  ceoMin: 

li<J  UlMt.  Whiu  WWm. 

t~.Sj    Polassiuitt  carbifnaU    33-S4 

IS-7S  Sodium  .... 

1.93  Cftkrum  5.09 

9.6^  Magnesium  '3-54 

1.36  Iron  oxid  e.31 

4f>.j6        Phiispiutic  iicid        4V-" 

o.  1 5  Silica  .... 


I9B  (Bn*  vl  drr  ""Ui  idaliio ; 


Wheat 

Rye . . 

Barley 

Corn 

Rice 

Buckwheat 


AltHninniH.        SUrth. 


11.93 
17.7c 

7.40 

as-i 


OS 


60.91 

86.11 
6S0S 
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It  is  Rfititrkablp  that  in  whit*  wheat  »Mi«m  is  wanting  an<i  is  ivplac*d  by 
Other  alkalies.  Rye  contains  more  ccllultM*  ar<l  dextrin  than  whf-at.  but  lesa 
sugar.  Ryu-1>fL-it(I  m.  ax  »  rulu,  l<-i£«  p<in>u);  Burlry  anil  Oftls  are  iiiucli  usijd  at 
gmel,  and  in  the  N^rth  ako  mixed  in  lircad. 

Oau  contain  a  crvstalline  globulin  (avenalin).  and  a  proteid  soluble  in  alcohol 
and  anolber  snlulile  m  alkalies.  By  adiniAimrr  with  watt-r  ur  ntnitrat  usilt*  tliree 
other  protcidis  are  nbtatncd  us  products  uf  triinsformitliKR.  Rye  and  wheat 
yield  one  glubulin  (cdcsi.in)^  one  albumin  (Icukoein);  gliadin,  forming  gluten. 
and  soluble  ia  dilulc  alcohol;  and  glulenin  (alnacnil  fioiit  rye),  soluble  in  dilute 
acids  and  alkalies.  Barley  contains  Icrukosin,  vdcstin,  horclcin,  curreNi^onding  to 
gli.itlin,  ami  nkn  other  jvrottirtfi. 

lo  th*  pnpnration  of  br*ad,  flour  is  kneaded,  together  with  wat«r,  to  form 
dough,  in  n-hicn  the  gluten  acts  as  a  cemeniinR  substance,  and  (o  which  salt  and 
ul&'i  yeast  (cnccharomyces  oercvi«ijt)  are  added.  Under  the  mtliiencv  of  heat  the 
altniniinat<'!i  of  the  tlour  lxg)n  to  undereo  decomposition  and  the  ferments  act 
upon  the  swollen  starch,  which  is  paniallv  transformed  into  aucar.  The  Kuear 
iindcrgoes  further  dcconnjiiwition  into  carlion  didxicl  imd  a1coh(>i,  of  which  the 
first,  forming  biibbli^^  in  the  stiff  doug^h.  causes  this  to  become  sponrj-.  CerLain 
bacteria  also  co-jperale  with  the  yeast  la  the  same  end.  By  the  boxiag  at  300° 
C.  the  alcohol  i«  driven  of!  and  tlie  dough  is  done.  Much  readily  soluble  dextrin 
is  formed  in  the  crust      In  the 
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prtrparation  of  sour  bread,  old 
sour  dough ,  in  tehich  the  sugar 
baspartlally  undergone  laclic- 
aciii  lennenialion.  is  added 
in^le.-td  nf  yitiM.  and  n»  u  re- 
sult, in  addition  to  th«  alco- 
holic {(.fment&lion,  the  lactic- 
acid  fermentation  of  the 
grApC'Mi^nr  in  the  douf{h  is 
also  ininaled.  As  in  the 
transformation  of  starch  into 
su^'ur.  and  the  latter  into  car- 
hen  dioxid  and  alcohol 
(wlticli  eventually  escape). 
material  i.t  directly  lost :  am- 
monium carbonate,  which  es- 
capes during  the  process  of 
bakinK  with  the  expaii^un  of 
the  doufth,  is  added.  This 
lose   amounts  to  about  one 

Ser  eent  «'ith  an  average 
aily  consumption  of  bread 
for  each  individual  of  ijfi 
grams,  the  daily  loss  for  1,000,000  [htsode  should  equal  1500  kUograms  of  bread, 
or  sufficient  for  to.ooo  ficrstios.  J.  v.  Lichig  proposes  the  use  of  soiditun  bicarbon- 
ate and  hydrochloric  acid  for  the  same  purimme;  tlii-n  the  dough  will  not  have  to 
be  salted,  because  of  the  formation  of  sodium  chlorid.  Ilorsford's  baking-powder 
(calcium  phosphate  and  sodium  bicarbonate)  is  also  used.  It  permits  the  escape 
from  Ihr  dougli  of  the  expanding  carbon  dioxid.  the  phosphoric  acid  oiE  which  is 
also  useful  to  the  body. 

The  Ugumti  eimtain  much  albumin,  Benna  contain  two  globulins  readily 
soluble  in  salt-solutions— the  phoseolin  of  Riithauscn  and  phasehn.  Peaa  and 
wtches  yield  in  considerable  amount  a  globulin,  designated  legumin  by  Braconnot, 
which  is  soluble  iji  a  solulti^n  of  aodinm  chlorid.  and  also  three  Other protcids. 
Legumes  contain  also  starch,  lecithin,  and  cholcstrrin.  toglcthcT  n-ith  m>m  0  to 
19  percent,  of  water.  Peas  contain  ih.ot  percent,  of  albumin  and  38.81  of  starch: 
btans  38.54  and  37.50;  lentils  39.31  and  40  respectively.  The  last  arc  richer  in 
cellulose.  Because  of  the  dcticivncy  in  gluten  no  dough  can  be  made  from  them, 
and  therefore  no  bread.  As  a  fo^d  inr  the  mass  of  the  people,  these  plants  descri-e 
tht  |:;re!iTcBt  consideration,  because  of  the  large  amount  01  albumin  they  contain, 
althinigh  they  may  I*  a  source  of  intestinal  discomfort  in  conxequt-nce  of  the  devel- 
opmf-nt  of  ga«,  as  well  as  of  the  prescnc*^  <jf  iiidijjestible  oelliilosc.  Leguminous 
flour,  when  mixed  in  different  proportions  with  the  flour  of  cereals  (for  instance 
in  tlie  f<irm  of  Hanenstein's  leffumiaosc) ,  can  be  used  with  advantage  in  the  feed* 
ing  of  children  and  dcbilitatca  persons. 
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Maiucontminx  ihrec  globulins,  scvcra]  albumins,  and  a  prowid — scUi — solabic 

in  alcohol. 

Potatoes  contain  from  ro  to  8i  per  <eot.  of  wftter.     In  the  juicy  cellular 

tiiiue,  vhich  jnelds  an  acta  naction  vrtien  fr«sh,  from  the  presence  of  phos- 
phoric, malic  and  bydrochlonc 
acids,  thtre  U  present  front  i6 
to  aj  per  CMii  of  starch,  j.s 
per  cent-  of  dissolved  protcids, 
consisting  of  one  globulin  ^tu> 
bcrin) .  k  luble  in  potato-juice, 
and  some  albumin,  together 
with  a  trace  of  asparagin- 
The  cell-capsutea  become  swol- 
len when  boiled,  and  are 
changvd  by  dilute  acids  into 
sugar  and  giun.  The  "eyes" 
^^^fi"  the  poiftonous  sub- 
sUnce  solaiiin.  One  hundred 
parts  of  potAtcash  contain - 
potassium  carbonate  46.96.  so- 
uiiun  chtorid  1,41.  potassium 
chlohd  S.I  I,  maKDi'sia  13-5^, 
calcium  i-i$,  phosphoric  acid 
II. 91.  Bulphunc  arid,  derived 
(tori  buroed  albuminates.  0. 50. 
silica  7.17. 

FfHtts  contain  as  the  prin- 
cipal food- constituents  sugar 
and  salts.  Their  characteristic 
tute  is  ducto  theorsanicocids. 
The  gclatinixing  sulxtarce  at 
(ruit-iclliea  i.t  the  soluble  so- 
calied  pecliH  (C„H^Ob),  which 
can  also  be  obtained  artilici* 
ally  by  cooking  from  the  pec* 
tose  of  unripe  truit.  wnicfa 
is  soluble  witn  ilifliculty,  and 
from  carrots. 
Grtmt  vegrsai^fs  are  especially  rich  in  salu  that  rcM-nibte  tlie  i»alts  in  the  blood. 

For  instance,  unseasoned  lettuce  contains  33  per  cent,  of  Mklts.  spinach  much 

iron.     Of  k»  iinporlancu  in  them  ore  starch,  dextrin,  sugars  and  small  amounts 

of  albumin. 


."^ 


Flo.  In.— Scitiun  thniuch  Pmato:  k,  ct^i  ft,  iJnma-uwuimos 
cetk.  Willi  taiM  tUKbflnnulH;  tr,  ptwrlo  irytiillnld:  i. 
Matth. 


CONDIMENTS. 
COFFEE,  TEA,  CHOCOLATE,  ALCOHOLIC  DRINKS  AHD  SPICES. 

Sine*  the  time  of  ».  Bibni  the  term  mbJiw^k  has  been  applied  to  such  articles 
of  food  at  are  used  leu  because  of  their  direct  nutritive  proj^iertits.  tlutn  because 
of  their  agreeable  action  and  stimTilation.  in  part  up<m  the  organs  ol  taste  and  in 
part  also  upon  the  nervous  system.  Coifee.  tea  and  chocolate  are  prepared  a* 
infuaionK  or  decix^tions  of  the  familiar  vegetables.  Thcv  contain  respectively 
an  activo  constituent,  caffcin  or  thrin  (CH„N,0.  -  H,©— triinethyUonthin) 
or  the  closely  related  thcobromin  (C,KiN|0] — dimethybcantbin) ,  which  are  classi- 
£ed  among  uie  alltuloids,  or  vegetable  basc^.  7'hcK  have  recently  been  prepared 
artificially  £rvm  xanthin. 

Thece  nlkaloidK  auA  similar  bodies  in  many  other  plants  are  present  in  the 
plants  preformed.  Their  liehavior  is  similar  to  that  of  ammonia.  They  have 
an  alkaline  reaction  and  with  acids  form  crystalline,  well-ddined  salts.  AU 
of  iheve  vegetable  bases  :itli;<-t  the  nervous  system,  some  feebly,  as  the  preceding, 
or  more  actively  stimulating,  as  quinin:  others  have  a  more  powerful  ittimulating 
effect,  to  the  point  of  paralysis,  mctuding  active  poisons. such  as  morphin.  atroptn, 
strychnin,  curnrin.  nicotin,  etc. 

The  alkaloids  of  cotTec,  tea  and  chocotatc  confer  u[    ^  nms  of  thtMc 

substances  generally  used  as  popular  beverages  th«j 
upon  the  nervous  system,  refreshing  the  aiind,  1 
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tttine  U'  incnniwd  activitv.  In  this  respect  they  resemble  the  stimulating 
cxtntctivcs  flf  b«:M>roth.  Coffee  codtoins  about  1  pcrccni,  of  cailcin.  wbicb  is 
paniaUy  first  set  Crec  in  the  proce&s  of  roaattcfr.  Te&  contains  6  p«r  vent,  of 
thein,  green  tea  al»o  i  p«r  <eot,  of  ethereal  oi!,  block  lea  j  per  cent. ;  grtta  tea 
iK  per  cent.,  black  tea  15  per  cent,  of  tannic  acid.  Gn>en  t<'n  yields  on  the 
whole  about  46  per  cent.,  bfftclc  t«a  scarcely  30  per  cent.,  of  extract. 

In  addition  the  inorganic  substances  in  these  beveraces  are  to  be  considered. 
Tea  contains  3.03  per  cent,  of  aalta.  includine  conviderable  amounts  of  soluUt 
compound  of  iron  imd  man|rane«e.  which  ore  importsnt  in  the  formation  of 
hemogloblin,  and  also  sodium-salU.  In  coffee,  which  yields  3.41  per  cent. 
of  asli,  potassium  preponderates.  In  all  three  beverages,  however,  tlie  remaining 
inoTfiaiuc  subslAnces  that  are  found  in  the  blood  are  present  in  suitable  propor- 
tions. Cocoa  is  only  madequAtely  utilized  as  a  nittritive  agent:  of  50  grams 
only  5  grams  of  albttmin,  j6  grama  of  fat  and  6  grams  of  starch, 

Alcoholic  bmaragt!  owe  tfeir  activity  primonly  to  tlie  alcohol  they  contain. 
With  regard  to  the  latter  the  following  is  to  be  noted:  i.  Alcehol  is  decomposed 
in  the  body,  principally  into  carbon  dtoxid  and  water.  In  this  respect  it  does  not 
diflcr  essentially  from  other  articles  of  ifood.  and  it  b  thus  to  be  regarded  as 
a  source  of  beat.  As  alcohol  readily  undergoes  this  combustion  in  the  body. 
its  use  can.  therefore,  diminish  to  a  certain  degree  the  consumption  of  the  con- 
stituents of  the  body  itself.  It  has,  however,  been  shown  that  with  «  mixed 
diet  akohol  is  not  capable  of  protecting  llw  albumin  from  decomposition,  but 
solely  the  fat.  With  a  mixed  diet  alcohol  is  not  able  to  replace  any  of  the  carbo- 
hvdrate  of  the  food.  Only  from  i  to  a. 5  per  cent,  of  the  alcohol  passes  over  into 
tlie  urine,  from  5  to  6  per  cent,  into  the  TjTcath.  The  odor  of  th«  brvath  is  dtte. 
in  addition .  to  other  volatile  substances  tn  the  alcoholic  beverage,  such  as  fusel-odl 
and  otliers.  Traces  pass  into  the  cutaneous  aeeretinnt.  g.  In  small  amounts 
alcohol  hfw  u  stimu- 
lating effect,  in  large 
doses,  through  over- 
stimulation, a  para- 
lyzant ctfect  upon  the 
B«n-ous  BystMH.  By 
means  of  this  stimu- 
Iniine  eSect  it  is 
ther^ore  capable  of 
spurrinR  the  body 
tcinpiiriirily  toKirater 
function  ill  activity  for 
achicv-cmcnt.   at  the 

cxpcii.se,  it  is  true,  of  a  subsequent  depression.  3.  ^Mien  taken  is  small  suitable 
doses  before  or  after  meals,  it  aids  the  diRestinn ,  while  larger  doses  interfere  with 
digestion.  4.  It  diminishes  the  sensation  of  himger.  5.  It  induces  more  active 
respiratory*  movemmts.  nnd  stimulates  iIil-  he.irt  and  the  vascular  system,  and 
thus  accelerates  the  circulation  of  brieht-red  blood,  so  that  muscles  and  nerveM 
become  tiiore  capable  of  action.  It  also  causes  a  subjective  sensation  of  heat. 
In  a  larger  dose,  howi^vcr.  it  pjiralyws  the  ves.trl.i  l-y  overatimulation  and  they 
become  dilated,  for  example,  in  the  rxtcmn!  iiilc^umtnt  .'\s  a  result  heat  is 
railiiitcd  in  x^eutcr  dtji^'ci^  ihrouph  the  skin  than  ii  is  gemrated  in  the  body,  and 
then-fore  the  bodily  tern jxTa lure  is  Imvurcd,  Lbrge  dosi*  also  iliiniiii«h  Ihc  activity 
of  llic  heart  by  the  excitation  of  smaller,  weaker  and  more  rapid  b^ats.  In  cic* 
vated  regions  the  power  of  alcohol  is  greatly  enfeebled,  as,  on  occowit  of  the  low 
^^^  atmoftphcric  pressure,  tlio  alcohol  is  rapidly  given  off  from  the  blood. 

^^^  From  the  toreooing  remarks  it  is  clear  that  alcohol,  when  token  in  small 

^^^B  amounts,  csin  l>c  uf  ineulculablc  brnelit  in  eonditionK  of  temporary  privniinn  and 

^^^  want  of  food,  in  conjunction  with  which  resistance  to  fatigue  and  an  extr.nordlnary 

W  anicunt  of  work  are-  yet  required.     In  a  similar  manner  it  is  capable  of  pnrtectmg 

I  the  li^ues  of  the  siclt  fnim  too  rapid  ccJii.itiinplicn.  with  the  cxcemion  of  the  al- 

I  bumin.      When   taken    habiiunlly.   however,    and    e.ipcci.-illy  in    large  amounts. 

I  it  causes  derangement  of  the  nervous  system  by  overstimulation,  and  undermines 

I  the  forces  of  mind  and  body,  partly  in  conseiluence  of  iU  poisonous  properties, 

H  chirdy  due  to  its  volatile  constituents  (fusel-oil),  aSecting  the  nervous  sj-stem 

B  pi: mianently,  partly  thrmigh  its  direct  action  m  causing  injurious  catarrhal  and 

B  inMammatory  conditions  in  the  digcgtiv«  orgnns,  and  partly  Einally  through  inter- 

H  ferenee  with  and  impairment  of  the  nonnsl  metabolism. 

H  Alcoholic  beverages  are  prej>ared  by  fermentation  of  the  sugar  obt.tined  from 


tvi-  149.— I,  liclMrH  yn(t.ctl1»;  3.  j.  f<xiniiliiD  qI  'mit     i.  i,  nitlivuiciu 
al\\atmuuM:  b.  temiiiuiioD  »0(j  bud -formal  km. 
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various  carbohydrates,  especially  starch.  Alcoholic  fcnnmtallon  is  a.  ie«iiU 
of  the  vita]  activity  of  a  low  order  of  fundus,  namely  the  yeoM-funjcus — the  aac- 
chammycvs  ccrcvituc  (in  the  fcrmcntMtion  of  bc«r}  and  the  sncchoromyccs  cllip- 
fiuidvMfi  (in  Uic  fermentation  uI  ivjnv),  the  funeua  removing  <iin?ctly  from  tn« 
«aKabarin«  mixtun*  th*  substances  n«c«aary  for  iis  existence,  namely  earbo- 
faydratcc,  albiirainaU'S  iind  xalti,  chieRy  calciura  phosphate,  potaMium  pho»hat« 
and  magnitsium  Kulphnir  and  raiiKjng  ihi'ir  dccomp'KJtion  into  alcohol  and  car- 
bon dioxid.  together  with  some  glycerin  (from  j.i  to  3.6  per  cent.)  and  eucdnic 
acid  (from  o.b  to  o.;  per  ccni.)  The  yvaat-liqttor  alone,  in  tlic  absence  of  yeast- 
cells,  alaocauxcK  rermenlation.  throuKh  the  presence  of  a  ferment  known  as  zyina*c. 
Vi'hich  acts  like  a  chemical  aernt.  Yeaat  belongs  to  the  budding  funei.  \rhich 
niuUiplv  butli  by  budding  and  b>-  sporulatlon  (aaeoi^orcs).  It  w  added  diredJy 
t'j  the  tluids  tu  w  fvrnictiteJ.  or  tts  spores,  which  constantly  float  about  in  the  air, 
fall  into  the  iirn;overed  mixture.  Perftct  exclusion  of  yca^-cells,  or  their  destruc- 
tion, AS  by  boiling  the  avrup  in  sealed  venacis,  therefore,  prevents  the  occurrence 
of  fermentation.  Alcoholic  fermentation  ia,  therefore,  a  result  of  the  vital  activity 
of  a  lower  form  of  organism. 

Wimt  containx  on  an  average  from  89  to  go  per  c«nt  of  water,  from  7  to  8 
per  cent,  at  alcohol,  together  with  the  ethyl-alcohol,  propyl-alcohol  and  butyl- 
alcohol.  The  color  of  red  wine  is  derived  from  the  sltiiw  during  fcrmeniaiion. 
If  the  tltins  lie  previously  rtinnvod  red  grapes  will  yitld  whitish  wine.  The  fine 
taste  {dower,  bouquet)  develops  during  the  atoring  of  the  wine.  Ennnthic  ether 
■a  said  to  give  rise  to  the  charactcrbtic  odor  of  wine.  The  valtie  of  wine  depend* 
upon  the  at  vet  unknown  Ktimul.-iting,  volatile  eubatanced  that  confvr  ujion  caeh 
^nne  it«  special  charactftr.  Of  great  importance  are,  further,  the  salts,  whicb  ia 
their  ccwnposition  resemble  Ihrne  of  the  blood. 

BciTT  contains  from  75  to  95  per  cent,  of  water,  alcohol  from  s  to  5  per  cent. 
(porter  and  ale  aK  much  as  $  per  cent  ).  oatt>i)n  rtioxid  from  o.i  to  o.S  per  cent., 
sugar  from  a  In  8  per  cent.,  (jtiin.  drxirin  fritm  a  to  10  jjcr  cent.,  cholin,  the  con- 
stituents of  h<»ps.  some  residue  of  proiein-siibstanccs  (gluten),  fat.  lactic  acid, 
ammonia-compounds,  tlic  salts  of  barley  and  of  hops. 

In  the  aan  the  enonnouH  arnouiit  of  phosphoric  acid  and  potaasium  carbon- 
ate, so  important  in  the  formation  o£  blood,  la  noteworthy ;  one  hundred  parts  fii 
ash  eontam  of  potassium  carb-jmatc  40,8,  phosphorus  to.  magnesiwm  phosphate 
so,  calcium  phonphat*  36.  sihca  16.6  per  cent.  The  favorable  influeoce  of  beer 
on  the  formation  of  blood  muxcles  and  other  tissues  is  due  to  the  abundance  uf 
phoiphoric  acid  and  potassium  carbonate.  The  obcsttv  of  the  bcar^rinkcr  d»- 
jientb  chiefly  on  the  fat-sp.inng  arliou  of  the  alcohol.  The  potanl\mi  carbonate 
present  in  beer  has  n  faliijiiini;  cllei-i  after  heavy  drinkinic- 

Spw« arc  not consumrd  because  of  theirnutnlivc  value,  but  in  [>art on  account 
of  their  taste,  in  part  becauK  of  their  stimulating  effect .  through  which  Ihcy  stoum 
the  dicestivo  organs  to  incrcaiied  activity.  In  a  certain  eutiae  Bodiaia  chlorid 
must  also  be  regarded  as  a  spice,  bcmg  withheld  at  prcjcnt  apparently  from  only 
a    few  savage   tribes,     A  similar   fact   was  recorded  by  Homer.     Also  certain  at 

fet  unknown  substancci)  that  have  a  marked  eiTect  on  the  organs  of  tatte.  and 
hat  develop  only  in   the  course  of  preparation  of  some  dishes,  as  m  the  crust 
of  a  roost,  and  m'lhe  crust  of  pastry,  may  be  included  among  tpjce<. 


PHENOMENA  AND  LAWS  OF  METABOLISM. 

METABOLIC  EQUILIBRIUM. 

By  metabolU  fqnUibrimn  is  understood  that  normal  condition  in 
wliich  prccisclv  the  sninc  nmnunt  of  material  for  the  maintenance  and 
growth  of  the  organism  is  taken  up  and  ussimilateii  from  the  dtj^sted 
nourishment  as  is  rcmovci;!  from  t)ie  body  through  the  excretory-  orgatts 
in  the  form  of  waste- materials  or  end-products  of  retrogressive  ti.wue- 
metamorphosis.  The  jnoome  mus:t  always  balance  the  expendituiie, 
Dunng  the  jieriod  of  grow'th  of  the  Imdy  a  certain  excess  of  formative 
activity  corresponding  to  tlie  increase  in  sise  of  the  IkkIv  must  pre- 
dominate.   Thus,  growing  portions  of  the  body  *xhibi:  frora  7.$  to  6.3 
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times  as  active  a  metabolism  as  parts  of  tlie  1>ody  already  formed.  On 
the  other  hand,  in  the  years  of  senile  debility  a  certain  excess  of  "bodily 
expenditure  is  to  be  considered  as  a  normal  phenomenon. 

Mtikod. — The  normal  metabolic  equilibnum  in  the  organism  may  b«  recog- 
nized: I .  Bv  dct^rnunin^  cbcmicallv  that  thr  sum  of  all  the  cgcstn,  ^ivcr  off  by 
the  body  vfiihin  a  certain  period  of  investigation,  corresponds  to  the  sura  of  th« 
ingmtta  furnished  by  the  UtrnX.  In  thix  cunncctirm  the  aiiioimt  of  carl>on.  iiilrogen. 
hydroEen,  oxygen,  and  Baits,  together  K-ith  the  w^ttrr  of  the  food  and  the  oxygen 
Ol  the  inspired  air.  must  be  equal  to  the  carbon,  nitrogen,  hydrogen,  oxycen,  the 
ults  and  the  water  in  the  excretions  (urine,  feces.  ex|>treil  iiir.  evapoiated  water) 
of  the  organism,  a.  The  physiological  equilibrium  <A  mctuboli»m  may  further 
be  rccognuicd  in  a  purely  empirical  uay  from  the  fact  that  with  a  suitably  aciccted 
diet,  tlte  body  perforniine  its  ordinary  ftinclions  is  able  to  maintain  its  normal 
weight-  Thus,  th:.-:  simille  procedure  of  weighing;  makes  it  possible  for  the  phy- 
sician to  infami  htmKeli  ijuiclfly  and  with  certainty  concerning  the  metabobnn 
of  his  patient  or  convalescent.  The  tedious  method  of  olemMitaiy  metabolic 
analysis  was  tnx.  successfully  underialcen  particularly  by  the  Humch  investt- 
gaton^.  V.  BischofI,  v.  Voii.  v.  Wttcnkofer  anct  others.  It  was  soon  apparent 
that  of  all  the  elements  the  greatest  importance  was  to  be  assigned  to  the  passage 
thrQugh  the  body  of  carbon  and  lutrogen. 

The  total  amount  of  carbon  taken  with  Uic  food  (which  ia  aaccrtained  by 
tieiDeatary  analysis  of  a  sample  of  each  article  of  diet,  or  is  calculated  from  re- 
liable analyse-s  of  the  ftrtides  of  fooii)  must,  in  complete  met.-vbolic  equilibrium, 
correspond  to  the  carbon  in  the  carbon  dioxid  contained  in  the  expired  air  (oo 
per  cent.)  from  tlie  lungs  and  the  skin.  To  this  there  should  also  be  added  the 
relatively  finall  amount  of  carbmi  in  the  organic  excrementittous  nia,lters 
of  the  urine  and  the  feces  (lo  per  cent.),  which  is  to  Ix:  determined  by  ele- 
mentar>'  aoalysb.  As  all  organic  food  and  all  the  coRstituenis  of  the  body 
contain  carbon,  an  increased  Inan  of  carbmi  (a.-^  cumpared  with  the  inciiTiii*)  in- 
dicates that  orgimic  matter  in  excess  is  being  decnmpiKird  in  the  bixly:  on 
the  Other  hand,  diminiahcd  excretion  of  carbon  necessarily  indicates  an  ad- 
dition lo  the  substance  of  the  body.  For  the  exact  determination  of  the  car- 
bon dioxid  in  the  expired  nir  the  Munich  investigators  employed  v.  Pcttcn- 
kofer's  respiratory  apparatus. 

With  rcRnrc!  to  the  nitrogen,  which  should  be  determined  in  the  ingesia 
as  well  OK  the  cxorelu  by  the  method  of  Kjeldnhl.  it  was  found  that  almost 
all  the  nitrogen  of  the  ingested  food  is  excreted  ag»in  in  the  urine  within  aj 
hourt.  principally  in  tht  t'oroi  of  urea.  The  remaining  nitrogenous  urinary 
conntitucnta  (uric  acid,  krealiuin.  etc.)  furnish  only  about  i  per  cent,  of  the 
nitragcno\is  elimination.  In  addition,  the  nitrogen -con  lent  of  the  feces  is 
to  be  taken  into  account  (from  4  to  5  per  cent,  in  don).  A  small  amount  of 
oitrogeii  also  escapes  from  the  orsaiii»iu  in  the  cxpirca  air;  also  a  portion  with 
the  desquamated  epidermal  structures  (about  50  mg,  of  hair  and  nails  daily) 
and  in  the  sweat. 

The  opinion  that  praetienlly  all  the  nitrogen  ingested  with  the  fond  is 
excreted  in  the  urine  and  the  feces  was  established  (or  caniivora  by  v.  Voit 
and  Gruber:  for  ruminanti:  by  Hennel>erK.  Stohinann  and  Giouvon,  and  for 
man  by  Runkc.  Contrary  to  this  view  a  number  of  the  older  ns  well  as  more 
recent  invcstigatora  have  made  the  assertion  that  the  total  amount  of  nitroKcn 
cannot  be  recovered  from  the  excretions  mentioned,  but  that  an  appreeiaDle 
nitroKcn-de  licit  exists. 

According  to  I.eo  about  *.S5  P*''"  cent,  of  the  albumin  decomposed  in  the 
tody  yioids  its  nitrogen  (which  may  be  dssumoii  lo  amount,  to  15  per  cent,) 
in  tne  gas<-ous  state.  In  making  exact  analyses  of  metabolism  this  gaseous 
excretion  of  nitrogen  muKt  naturally  1w  taken  into  account. 

In  the  food  nitrogen  occurs  almost  exclusively  as  a  constituent  of  albu* 
Tninous  substances.  In  the  excretions  it  indicates  decomposition  of  the 
albuminous  constituents  of  the  body.  .As  proieids  contain  on  the  average 
zd  per  cent,  of  nitrin;eii  the  iimount  of  albumin  corrcspundinc  L<j  the  »mount 
^  nitroj^^n  excreted  is  determined  by  multiplying  the  latter  ligure  by  6.35. 
Mtrogeii'>iiB  e*^ui(ibriuia  thus  indicates  that  the  albuminous  substances  in 
the  body  are  unchanged.  If  nitrogen  is  retained  giitn  in  weight  takes  place, 
-inncipfilly  in  the  form  of  muscle:    if  th<'re  t«  an  cxeees  of  nitrogenous  exere- 

cunsutnption  of  the  albuminous  constituents  ot  the  body  must  ensue. 
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The  relative  amoiiat  ol  mtrogci)  aod  carbon  in  albumin  may  be  expressed 
a*  t  :  3.3.  Of  the  amount  of  carbon  deeompftsi-d  in  the  prvcevs  of  metaboUum 
there  are  1.3  part*  (or  every  part  -jf  nitrogen  in  the  protciils  .lubjected  to  thp 
process,  Theocpssifi  to  hv  Httribnted  10  the  decomposition  ofnon-nitrogenou* 
substances  (fats  or  carbohydrates). 

It  is  believed  that  the  Kreater  portion  of  the  'proteids  ar«  decompOEed 
in  the  titmcK  into  cnrbamic  acid,  which  is  then  transformed  in  large  amounts, 
in  the  liver,  into  urea. 

The  excretion  of  nitrogen  after  the  talcing  of  food  is.  in  animals,  not 
uniform  from  hour  to  hour,  but  it  tncre:isi,-ii  mpitlly  at  nncr.  reaches  its  maxi- 
mum after  5  or  5  hours  and  then  gmdMnlly  dccUncs,  The  excretion  of  sulphur 
and  pho«phonifi  pursiict  n  similnr  courec,  though  the  maximum  excretion,  00 
a  meat  diet,  occurs  as  i7.-irly  as  the  fourth  hour.  On  addition  of  fat  to  a  meat- 
fiiet  thy  excretion  of  nitro^n  and  of  sulphur  is  more  evenly  diitributed  throuKh- 
out  the  hours  of  the  day.  In  human  liein);t  Rosemann  found  during  the  day 
an  increa'c  brtwren  ij  and  1 1  a  m  .  as  a  result  of  breakfast  and  Uk  xiimu- 
]at:on  of  all  of  the  functions  in  the  morning:  a  second  increase  between  3  and 
4  p.  m..  ntt  .1  result  of  ilinncr;  a  third,  smaller  one  between  ;  and  g  p.  m.,  fol- 
lonii)^  siipprr;  and  a  linnl  increase  between  9  and  11  p.  m.  The  excretion 
Uiminisbcs  during  the  night. 

The  nitrr'genous  cnnBtituents  of  the  body  become  poorer  in  carbon  as 
a  result  of  the  proeesies  of  metabolism,  but  richer  in  nitrofren  and  oxygen; 
f"r  there  are,  in  the  nlhumins.  4  aloms  <if  carbon  for  each  atom  of  nitrogen. 
in  gelatin  3  \  atoms  of  carbon,  in  glycocnll  a  of  carbon,  in  kreatin  i)  of  carbon. 
m  uric  acid  iJ  of  carbon,  in  allantoin  i  of  carbon,  in  urea,  hnalty.  only  ^  atom 
of  carbon. 

The  oxygen  fumi.shed  by  respiration  is  either  determined  directly  from 
ilie  reduction  in  its  amount  in  the  air  supplied  to  the  animal,  or  it  is  calculated 
frr<m  other  data.  This  inspired  oxygen,  as  well  as  the  oxvgcn  of  the  food, 
make*  its  appearance  principally  in  the  form  of  carbon  uioxid  and  water; 
a  small  nnioiint  Imves  the  bodv  in  the  excrement  it  ions  products.  The  amount 
of  oxygen  absorbed  in  respiration  is  the  measure  of  the  entire  process  of 
combustion  in  the  ^^o^Iy-  by  which  carbon  i*  oxidized  into  carbon  dioxid  and 
hydrogen  into  water.  The  respiratory  uuotieni  indicates  the  amount  of 
inspired  oxygen  that  is  required  alone  for  the  combustion  of  the  carbon. 
If  the  volume  of  carbon  dioxid  produced  by  the  combustion  of  pure  carbon 
is  exactly  the  same  as  the  volume  of  oxygen  corwumed  for  this  purpose,  tlie 
respirator)'  quotient  is  i.  This  is  the  case  in  the  decomposition  of  carbo- 
hydrates. AB  hydrogen  and  oxygen  arc  present  in  these  compounds  in  the 
proportion  ncceuar)-  to  form  water  by  combustion,  practically  all  the  oxygen 
IS  utilized  for  the  oxidation  of  the  carbon  of  the  carbohydrates.  For  albumin 
the  respiratory  <|uoticnt  is  o  8,  for.  on  a  purely  albuminous  diet,  only  Sao  cii. 
em.  of  carbon  dioxid  are  excreted  for  every  1000  eu.  cm.  of  oxyt^n.  For 
fats  the  respiratory  quotient  is  0.7.  for,  on  a  diet  of  fat,  only  joo  cu.  era.  of 
carbon  dioxnl  are  excreted  for  rverj'  1000  cu.  cm  of  oxygen  consumed.  Thus 
for  fats  and  albumin  the  respiratory  quotient  is  smaller  than  for  carbohydrates. 
the  volume  of  carbon  dioxid  excreted  is  less  than  that  of  oxygen  inspired, 
because  in  the  comlnistion  of  albumin  or  fat  a  part  of  the  oxygen  taken  op 
mu»t  be  employed  for  the  oxidation  of  hydrogen  into  water. 

In  case  a  larger  volume  of  carbon  dioxid  is  excreted  than  the  amount  of 
oxygen  absorbed,  the  respiratory  quotient  rises  above  t.  This  happens 
if,  in  addition  to  the  inspired  oxvgen.  a  portion  of  the  oxygen  from  the  con- 
stituents of  the  food  is  convertcil  into  carbon  dioxid  in  the  proeest  of  com- 
bnstioti  in  the  body.  This  is  the  case,  for  example,  when  nutritive  materials 
rich  in  oxygen  (for  example,  carbohydrates)  are  transformed  in  the  body  into 
those  poor  lu  oxygen   (for  example,  fats). 

The  respiratory  r^uotient  may  also,  under  certain  circumstances,  become 
even  smaller  than  it  is  after  an  exclusive  fai-dict,  if,  for  instance,  a  portion 
of  the  inspired  oxygen  is  employed  in  the  body  for  the  formation  and  deposi- 
tion in  the  tissues  of  compounds  rich  in  oxygen  (for  example,  in  the  formation 


of  glycogen  1. 

Th 


The  respiratory  quotient  may,  however,  exhibit  certain  periodic  varia- 
tions independently  of  the  character  of  the  diet.  As  the  oxygen  taken  up 
is  not  always  used  in  the  formation  of  carbon  dioxid  immediately  upon  its 
entrance  into  the  body,  but  as  certain  intermediate  predecenors  of  carbon 
dioxid,  rich  in  oxygen,  may  accumulate  in  the  body  and  be  excreted  only 
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later  complctel}'  oxidized  lato  carbon  dioxid.  It  a\xy  happen  that  during 
one  part  of  a  period  of  dieting  more  oxyi^n  nitty  b«  talccn  up  than  is  given 
off  as  carbon  dioxid. 

Hydrogen  leaves  the  body  pniicipallj'  oxtdiEcd  into  water,  but  it  niay 
also  leave  the  body  combined  with  orK.inic  excreta.  Th«  water  is  iriveii  oR 
with  the  urine,  the  feces,  tlirougb  the  lungs  and  by  evaporation  from  the  skin. 
Aa  hydrogen  ia  oxidized  into  water  the  amount  ol  vraler  givt'n  off  is  nat-urally 
greater  than  that  taken  up,  The  salts  ore  excreted  in  various  ways,  the  most 
soluble  of  them  pnnsing  out  with  the  urine,  a  few.  particularly  potasxiura- Halts, 
and  those  that  an  ^nlublo  with  dithculty.  with  the  icvei.  and  sumc.  like  com- 
mon salt,  in  part  also  with  the  sweat.  The  salts  contained  in  the  ingesta 
and  ext  rrta  are  t^itimitted  by  weig^il  after  incineration. 

If  the  sulphiir  and  ih<-  phosphorus  arc  to  be  estimated  stTiaraicly  the 
amount  of  cacti  in  the  ingested  food  is  oxidized  hy  combustion,  by  addition  of 
sodium  hydroxid  and  v'^tasniuin  nitrate  into  sulphuric  and  phosphoric 
acids  respectively.  The  name  method  is  fulluwed  for  their  estimation  m  the 
(«CC9,  a«  well  as  (or  sulphur  in  the  cpidcrmul  «lructurc«.  The  sulphuric  and 
phosphoric  aetds  so  obtained,  as  well  also  as  the  nulphur  and  the  phosphorus 
excreted  in  the  urine  in  an  already  oxidized  form,  are  estimated  accoraing  to 
Ihe  method  described  on  p.  491.  The  sulphur  ia  derived  princLpally  from 
tbe  albuminous  food :  about  half  of  it  is  excreted  with  the  urine  a^s  sulphoric 
acid,  half  with  the  feces  (as  taurin)  and  through  the  epidermal  structures. 

Kor  every  body,  there  is.  according  to  its  weight  and  activity,  a 
mintmum  and  a  maximum  limit  of  metabolic  balance.  If  less  food  is 
supplied  than  is  necessary  for  the  first,  loss  of  body-weight  results,  If, 
on  the  other  hand,  an  excess  of  food  is  supplied,  any  amount  exceeding 
the  maximum  limit  will  be  passed  unabsorbed  as  superfluous  ballast 
with  the  feces,  provided  it  cannot  be  utilized  for  increase  of  flesh.  The 
more  the  body  gains  in  weight  on  a  generous  diet,  the  higher  the  mint- 
mum  limit  rises.  With  marked  increase  of  flesh,  therefore,  the  necessar>' 
supply  of  food  must  be  relatively  much  greater  than  in  the  case  of  thin 
persons,  in  order  to  cause  a  like  increase  in  the  tissues  of  the  body. 
With  continued  increase  in  flesh  there  finally  resiiit.s  a  condition  in  which 
the  digestive  organs  are  able  to  prepare  only  sullicicni  material  for  the 
maintenance,  but  not  for  iocrease.  of  weight. 

POALITY  AHD  QUANTITY  OF    HOUBISHMEITT    FOR    A  HEALTHY  ADULT. 

Tlie  question  as  to  the  substances  that  are  needed  hy  man  for  his 
satisfactory'  nourishment,  and  the  amount  required,  has  naturally  been 
answered  in  a  purely  empirical  way  by  observation  of  the  manner  of 
nourishment  ni  healthy  individuals  at  different  ages  and  with  varying 
degrees  of  activity.  As,  for  example,  the  infant  flourishes  and  grows  on 
a  diet  of  milk,  milk  must  undoubtedly  include  in  its  composition  nutrient 
matter  qualitatively  and  quantitatively  appropriate. 

In  accordance  with  his  entire  organization  man  belongs  to  tlie 
umnivora,  that  is,  to  the  class  of  beings  that  is  adapted  to  a  mixetl  diet. 
He  possesses  the  canine  tooth  of  the  camivora,  but  bis  intestine  is 
shorter  than  that  of  the  herbivora. 

For  his  conLinuGd  existence  man  reqtiines  the  following  four  principal 
nutritive  substances,  none  of  which  can  be  sparetl  from  the  diet  for  any 
length  of  time: 

r,  WatffT;  for  an  adult  from  3700  to  2800  grams  daily  in  food  and 

drink. 

Withdrawal  of  water  increases  the  disintegration  print-ipalty  of  the  albu- 
minous tissues.  If  thirsting  eats  are  kept  for  a  long  time  in  tint  air.  a  con- 
centration of  the  blood  becomes  manifest,  which,  tlirongh  chemical  injury, 
leada  to  a  fatal  central  narcosis  by  poisoning  of  the  vital  ccntcm. 
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a.  inorganic  maltcrs  as  integral  parts  of  all  o(  the  tissues,  without 
which  their  sintcture  could  not  be  formed.  These  substances  are  present 
in  sufHctent  amount  in  all  the  usual  articles  of  diet,  so  that  it  is  unneces- 
sary to  supply  them  separately  (as  the  nutrition  of  animals  shows). 
Increase  in  the  supply  of  salt  causes  increase  in  the  consumption  of 
water,  and  tliis  in  turn  causes  increase  of  nitrogenous  decomposition  in 
the  body.  Withdr.iw.il  of  certain  necessary  salts  causes  disturbances  in 
the  nutrition  of  the  tissues  containing  them.  Thus,  the  use  of  food  free 
from  calcium  is  followed  by  disturbs  nee  in  normal  bone-formation; 
withholding  common  salt  causes  albuminuria.  The  body  absorbs  the 
iron  required  for  the  foniiation  of  blood  in  part  in  the  form  of  complex 
organic  compounds  from  the  vegetable  and  animal  kingdoms,  but  in 
part  also  in  an  inorganic  form;  phosphorus  principally  from  proteids 
containing  phosphorus.  The  alkaline  salts  derived  from  vegetable  food 
serve  to  neutralize  the  sulphuric  acid  formed  by  oxidation  of  the  sulphur 
•of  the  proteids.  Food  that  has  been  artiticially  deprived  of  all  salts 
-causes  rapid  death  in  animals  by  acid  intoxication. 

Only  as  »  matter  of  nrcr«sity  dors  man  occasionally  resort  to  tho  use  of 
■considerable  amounts  of  inorganic  matter  in  oider  to  oMain  the  organic 
nutrient  mstcrial  mixed  with  it.  as  A  v.  Humboldt  relates  of  the  infaabttanis 
alont:  iTii-  slinrus  nf  the  Orinoco  and  thr  Mcta.  and  who,  in  times  of  fcnrcity. 
wncn  the  catch  ot  lish  is  low,  arc  compelled  to  cat  a  certain  kind  of  rich  day, 
containing  un  abundance  of  infusoria. 

3.  At  least  one  animal  or  vegetable  proUid.  The  albuminates  arc 
utilized  to  replace  the  con.sumed  nitrogenous  tissues,  particularly  the 
muscles.  In  addition,  they  aro  used  as  sources  of  energ}'  and  heat.  The 
latter  function  of  albuminous  food  can  be  fulfilled  by  non-nitrngcnous 
food;  the  first,  however,  can  not.  The  albuminates  contain  from  15  to 
18  per  cent,  of  nitrogen. 

Different  tisiiues  of  the  body  contain  proteids  in  the  following  proportions: 
Rlotid  30.5c  per  cent.,  mutclts  iq.g  per  ci^nt.,  livtrr  11.71  per  cent ..  brain  S.63 
per  ct-ni..  blood-plnitmn  0,0  per  tt-nt.,  milk  3.8  per  cent.,  lymph  j.4  per  ccm. 
According  to  Pflugcr  and  ilohland  a  growing  youth  wcigbins  6a  kiloe  dccom- 
jtonts  89,9  grams  of  albumin  daily. 

It  id  o  n^miirkablr  fiict  that  a«purii|{in — a  nitrngcnouE  amido-body.  which 
is  formed  m  tproulitig  plants  (r»m  albumin  and  tinilcr  c.-rtatn  circumstances 
may  be  again  traniiformrd  into  this  in  the  plant — combined  with  griatin  is 
eapable  of  replacing  the  albumin  of  the  food.  Aiipara){in  .i]one  in  capable 
(only  m  herbivora)  of  iliminishing  the  dccom  posit  ion  of  albumin.  Salts  of 
ammonia,  glycocoll,  sarcoKin  and  b«nzaraid  increase  the  destruction  of  proieid. 

4.  .'\t  least  one  form  nf  fal  or  digestible  carbohydrate.  These  ser^-e 
principally  for  the  replacement  of  the  decomposed  fat  and  non-nitrog- 
enous constituents  of  the  body.  On  account  of  the  large  amount 
of  carbon  they  contain,  they  are,  through  their  oxidation,  the  chief 
sources  of  heat-production.  Pats  and  carbohydrates  can  replace  each 
other  in  the  diet  in  reciprocal  amounts  corresponding  to  the  quantity  of 
heat  that  they  are  able  to  produce  by  their  combustion  in  the  body. 
In  the  same  way.  the  portion  of  the  albumin  of  the  food  that  docs  not 
serve  for  the  restor.ition  of  the  tiissues  can  be  replaced  by  equivalent 
amounts  of  fat  or  carbohydrates.  In  this  connection  100  parts  of  fat 
are  equivalent  to  256  of  grape-sugar,  345  of  milk-sugar,  334  of  cane- 
sugar,  331  of  iXry  starch.  In  general  the  same  amounts  CDrre<:pond  to 
337  parts  of  carbuhydralc.  as  well  as  to  337  of  albumin. 
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T^c  compound  sugmrs  in  the  or^nntBDi  must  fmt  be  deconpoted  into 
monosscc hands  bciorc  tliey  arc  oxidized,  jutt  w  tbey  are  decomposed  into 
inonos^iccliiiridB  in  iIk-  process  of  fcnticntation.  If  the  oreaniBni  it  unable  to 
split  31  compound  sugar  into  its  componenis.  it  canroi  oxidize  the  s«par.  This 
splitting,  for  example,  of  cnne-su;;ar  and  milksiiKar,  is  carried  tiut  in  the 
intestine.  IC  these-  8ubslflnci.-s  arc  introduced  subciitanvously  they  src  not 
split  up.  and  therefore  are  not  made  use  of;  ihac  is.  they  arc  excreted  again 
in  the  uriiie. 

It  is  a  remarkable  fact  that  butter  can  b«  injected  s»l>ciitaneousIy  in 
conaidcrabte  amounts  and,  thus  introduced,  is  utilised  cither  for  combustion 
or  for  the  deposition  of  fat. 

With  regard  to  tlie  relative  proportions  in  which  these  various  nutri- 
tive materials  should  be  combined,  experience  has  taught  that  for  man, 
a  diet  in  which  the  nitPORcnous  and  non- nitrogenous  elements  arc  mixed 
in  the  proportion  of  tine  nitrogcnnu.s  to  3  J,  or  at  the  most  4.4.  parts  of  the 
non -nitrogenous  elemenls.  must  be  considered  as  the  most  advantageous. 
If  tlie  customan,-  articles  of  diet  be  considered  according  to  this  standard, 
it  can  easily  be  seen  to  what  degree  thc>'  conform  ■with  the  requirement 
mentioned,  and.  furtherniorc.  that  a  .tuitable  diet  may  often  be  formed 
by  a  mixture  oE  several  of  them. 

The  fDlIowiog  table  shows  the  proportion  of  nitrogeuotis  and  uon- 
nitrogenou-t  matters  in  various  articles  gf  food : 


Mires- 
cnoui. 
1.  Veal, 10 

3.  Hare 10 

y  Bwf V"  ** 

4.  L«Btilft f..   to 

i.  Bewis 10 

6.  Peas 10 

7.  Mutton  (fatimed).  10 

8.  Pork to 

9.  Cow'*  milk, 10 


to 


Niiroa- 
moiit. 

10.  Human  milli, to 

11.  Wheat-flour,  ...   10 
la.  Oat-mcal,  ...        .10 

13.  Rye-Hour to 

14.  Barley-flour, 10 

I  J.  White  potatoes,.    .    ro 
to.  Blue'potatoes.  ...    to 

17.  Rice le 

18,  Buclfwhcat-ftour. .  .    10 


Nan-alirat- 
to       37 


II 


Tliis  Ml r^■ey  shows  that  in  addition  to  human  milk,  ivhrat-flinir  lies  within 
the  normal  limit-i  with  regard  to  its  proportional  coinp'isilion  On  the  other 
hand  the  articles  of  diet  from  r  to  9  require  an  addition  of  non -nitrogenous,  those 
from  i>  to  tS  of  nitrogenous,  substant-es  in  order  to  maintain  the  proportion* 
from  i»:3s  to  ro:  45.  A  man  who  attempted  to  live  on  meat  alone  would,  there- 
fore, be  junt  as  irrational  as  one  who  tmilc  ttotatOMi  alone  ac  food.  KxjHint-rice  long 
ago  impressed  upon  the  mind  of  the  people  the  fact  that  millt  and  eggs  will  indeed 
support  life,  but  that  a  meal  of  meat  requires  potatoes  or  bread;  a  dish  of  beans 
n  portion  of  bacun. 

It  should  also  be  ts[n*;ially  mi-titioncd  that  the  proportions  of  the  diet  vary 
in  accordance  with  climate  and  M-ason.  As  with  a  considerable  degree  of  ci>ld 
the  orgonibiti  must  produce  more  heat,  the  inhabitants  of  higher  latitudes  take 
relatively  more  non-nitroyenousloc'd  (fat  and  su^ar  or  starches),  which,  on  account 
of  its  richn'fi»  in  carbon,  is  especially  suited  for  the  generation  of  Iicnt  in  the  body. 


The  graphic  representation  of  the  composition  of  the  most  important 
articles  of  food  in  rig.  141  (after  A.  Fick)  is  especially  clear. 

If  it  be  borne  in  mind  that  the  nitrogenous  bodies  in  the  food  must 
be  in  the  proportion  of  1:3^  to  4^  of  the  non-nit rogcnouii,  a  glance 
will  show  at  once  what  articles  of  diet  are  suited  for  food  without  addi- 
tion, as  well  as  which  of  them  may  be  suitably  combined  to  supplement 
one  another. 

The  absolute  amount  of  jood  that  an  adult  needs  during  twenty-four 
hours  is  ioHuenced  by  various  factors.    As  food  represents  the  reservoir 
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muse  be  increased  when  the  loss  of  heat  from  the  body  (winter)  or  il« 
muscular  activity  (work)  increases.     On  the  average  a  man  recjuires  I 
grams  of  protetds,  84  grams  of  fat,  and  404  grams  of  carbohydrates. 
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Tlir  miiiiiiumi  Hituimil  of  [iT\ilci<.1  rvqtiisitc  for  prc£pr\'iiig  the  nutrition  must 
Iv  iti)  lori^f  tit.il  (he  iiitri>):vn  it  contains  will  bo  rquiU  to  the  nitrogen  excreted  by 
llir  iitilivtihutl  \n  \\\wfl{im  in  a  fii^linc  romiition. 

Siiiiill  jitiin).iis  consume  for  each  unit  of  body-weipht  decidedly  more  thiin 
lanit'  ones.  This  dcivnds  not  so  much  on  the  fact,  a^  was  formerly  believed, 
tliiil  the  uict.-iK>lisni  is  more  active  in  small  animals,  as  on  the  fact  that  small 
Aitiinitls,  in  (>i\>i'oriion  to  their  KhIv- weight,  possess  ;»  larger  body-surface,  and 
*rt>.  theivfi'iv,  more  t-xjH>seil  reliitively  to  external  intluences.  and  especially  to 
ihe  civliiiK  cihvt  oi  the  sunxiunJing  air.  If  the  amount  of  the  s-jbstar.ces  lic- 
eoniiH>se\l  is  compared,  not  to  the  body-weight  bm  to  the  body -surface.  I  r 
rXAuii'lc  to  one  s>iiian.-  nu-ter.  almost  the  same  values  wi'.I  Iv  obtained  for  str.a'.l 
)«  for  !.ii'>:c  at'.'.mals  of  the  s-itne  st-tvies.  On  the  v>ther  hand,  the  values  for  ar.iirj'.s 
\\i  diiU-tvnt  si»ec»es  aiv  ^htlcrxn'; . 

The  ;tK<oiuto  atr.outt:  ot  Kvv.i  that  an  atlult  requires  ir.  twer.iy-:Vur 
l\^>urs  ts  :t;»vii;  i>»r.vonwr.tlv  cxvtvssevi  ir.  the  iorrr.  o:  ur.its  of  c-er^y 
that  il  is  »,-ai\»l-V  v'*:  supplyiv.f:.  that  is.  ir.  calories.  A-  ait:!:,  tri:'-  j 
Kt^xWrato  .■t:"o-.ir.:  i»i  la:.  «s.;uires  ^■..^i!y.  :or  ea^:h  kilogra"  o:  rc-iy- 
wfish: 

.\:  »v;v.-,-'.e;e  ws;  ;>.",:•,  ;;..-.-;  ;r  :5  ;c;  ca'cr:;* 

At  liiht  v*^rV  j:5c;;       ^5 -- 

.\!  ;-.*-.v'.  «vrs  5-- -----      :--  ;-- 

r^f-vV!X-  .\  — .i".  wr-.^'-.r.\c  --■'  k:\-j;T.:.!"S  .;:  '.:••':::  w.rk  ■*.-.:■.*  rv  TUirs 
v.:  :'■.{-  ■•,-'vi;'-Vor>,.v«.-  .■:  --•' \  jc -vc  .r  ;  ^^r  cc;  :,■,'  n^s  .--.-  i:=T 
ivv.;.;-"."^;  ;  >.n,- cvo  *\i"..'r::'>  :*  sr.r^,-.er.T.  ':-.i:  T/.f  :.;■:'  "■■-<:  i.-i.i-T 
•vv,:,;-.-'  y: ■-•:?-..;  .iv.'.  :•:  -..-  c v-.v.:  ^js.?  :'-..i:-.  >c  ^^.r:?  LiS.\  J-^  : 
i'.A-"   .•:  yw'c  :.  ^-'.i'.X^   i'cc   .-.il.'r.i:*     :    ^.ir:    .:'   ."j.-'r-r'-.-iri.:;   iirr 

"V"s  "".",\   '.V  ,\'-s'..''f ?tv.  -IS  >■■,;'"  ."fv.T 
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obtain  the  necessary  i  ^o  grams  of  proteid  a  laborer  roost  consume  the 
following  amounts  of  various  foods: 


Oiae»e 38S  gBU. 

Lentib 491     " 

PcM 58.     ■• 


Beef  . .    614  gnu. 

Eek» 968     '■ 

Wheat-bre»d . .  t-m     " 


Rice a$6a  gmth, 

Rye-bnod  . . .   aijs    " 
Potftto(^»  ....  toooa    " 


Ic  is  quite  evident  that,  in  tising  the  laxt-narnei]  substances,  the 
laborer  must  consume  a  uselp-ss  excefu  of  non-nitrogenous  food.  In 
order  to  obtain  from  his  food  the  neccssar>'  448  grams  of  carbohydrate 
(or  the  equivalent  amount  of  fat)  required  for  his  subsistence,  such  a 
laborer  would  hav€  to  eat : 


Rice S7»  gnis, 

Wlicai-lircad . . .  615    " 
Untils S06    " 


Peas S19  gms. 

Eggs 903     " 

Rye-l>rcad 930     " 


Cheese >oi  t  gnis. 

PoiatocA  ...    .IOJ9     " 
Meat 3961     *' 


Thus,  particularly  with  the  exclusive  use  of  cheese  or  meat,  the 
laborer  would  lie  compelled  to  consume  enormous  quantities,  which 
would  be  equivalent  to  a  waste  of  nitrogenous  material. 

Finally,  attention  should  be  drawn  to  the  fact  that  not  all  of  the 
food  is  digested  or  absorbed  in  the  digestive  tract,  but  that  there  is 
always  a  certain  residue  that  ts  unutilized  and  is  voided  with  the  feces. 
Calculated  as  dr>'  substance  this  amounts  in  percentages:  in  rice  to  4.1, 
in  white  bread  to  45.  in  meat  to  5-3.  in  eggs  to  s-'-  i"  '"''k  t"  9-  in 
potatoes  to  9.4,  in  pe.is  to  11. 8,  in  beans  to  18-3,  in  bl.ick  breaii  to  15. 
It  is  more  advanlagcoua  to  administer  the  amount  of  fo<id  required 
daily  in  several  portions  than  to  give  it  at  infretjucnt  intervals  or  all  at 
once;  the  distribution  of  the  food  over  several  meals  diminishes  proteid 
decomposition. 

For  the  hrrbivom  a  diet  sulBces  onlaining  one  part  of  nitrogenous  to  eight 
or  nine  ports  trf  non-oitrogeaous  material. 


METABOLISM  IN  THE  STATE  OF  STARVATIOH. 

If  a  warm-blooded  animal  is  deprivfd  of  .il!  food,  it  must,  naturally, 
decompose  and  utilize  the  enei^gy  stored  in  its  own  tissues  in  order  to 
generate  its  bodily  heat  and  to  perform  any  mechanical  labor  demanded 
of  it.  Its  body-weight,  accordingly,  steadily  decreases  till  death  from 
starvation  occurs,  the  tissues  and  organs  meanwhile  becoming  richer  in 
water. 

M^ih^i.  —For  an  rx&ct  invtstintion  of  the  state  of  inanition  (t)  the  starvitie 
man  or  animal  is  v.-eighed  daily,  (j)  AH  of  ilie  carbon  and  nitrogen  in  the  expirea 
air,  Utc  tirittu  and  Lhc  fec-vs  a.  eslitnateit  ilaily.  Tlie  nitro^tn  found  can  be  derived 
only  from  lln*  consumed  proleitli.  of  ihe  Imdy,  rsprrialiy  tin-  muKclex, and  from  the 
sacnc  Miiiirce  also  a  varying  amount  of  cartion.  In  accordance  with  the  composition 
of  the  niuscliai.  The  aniciunt  uf  carbon  rcmatains  after  sulnracting  this  amount 
is  to  be  .attributed  to  the  docoinposition  <>(  itie  noii-iiitiogeiious  tissues  of  the 
body,  principally  the  (at.  After  tnc  amount  of  muKlc  and  fat  broken  down  liiu 
been  taus  eonitmlcd,  the  subtraction  of  lliis  ninouiit  from  the  total  Ioks  of  body- 
weij^t  will  yield  the  amount  of  water  lost. 

The  following  example,  which  deaU  with  a  cat  starved  to  death  by  Bidder 
and  Schmidt,  shows  the  various  excreiiont  on  the  sueeesitive  days  of  slar\'atiun: 
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In  the  (-AJ'«  q[  the  fasting  virtuoso.  Cctti,  Zunty  nnd  t^limonn  found  that 
the  consumption  of  cxygun  and  the  production  of  cnrbon  dioxid,  as  calculated 
for  the  unit  of  body-woistit,  rapidlj'  r«aoh  minimal  values,  below  which  they  did 
not  (all  with  continued  starvation.  On  the  average,  the  consumption  of  oxygen 
fiom  tHc  thirU  to  llii-  sixth  day  of  fasting  lummnted  to  ^.65  en.  cm  for  cjich  Itilo- 
gram  of  body-weight  and  for  each  minute.  Absohitely.  as  regards  the  individual. 
th«  recplratory  interchange  decreased  ttlowly.  but  ihis  decrease  failed  to  keep 
pace  with  the  'dfcrcii-v;  in  the  winght  of  the  body.  At  the  besinninj!  of  starvation 
the  amount  of  carbon  dioxid  diminished  niorc  than  the  consumption  of  oxygen. 
The  respiratory  quotteot  va»  0.67.  The  urea  from  the  first  to  the  tenth  day  of 
starvation  decrctued  from  39  to  10  grains. 

In  the  ease  of  another  fanter,  Succi,  Luciani  found  that  a  nitrogenous  excretion 
of  16.35  grams  had  decreased  on  the  first  dAy  of  fasting  to  13, it  gramK,  on  the 
Mv^ntccnth  day  to  7.8  grams,  on  the  twenty-second  to  4.75  grains,  on  the  twenty- 
eighth  day  to '5.6  grainx.  .Also  Johaiinson.  I.4indgren.  Soiidto  and  Tigerstedt 
found  that  metabolic  activity  at  first  deehned  quickly  and  to  a  large  degTec,  later 
slowly  and  slightly. 

A  consideration  of  the  relative  loss  of  vreight  of  the  various  organs  is  alao 
of  great  interest,  aa  shown  by  comparison  with  a  similar  animal  killed  without 
preuminar>'  starvation.  It  should  be  stated,  howtver,  in  this  connection,  that 
mjuiy  organs  lose  weight  proportionately,  fur  example,  the  bones  (and  as  a  result 
phOK>hohc  acid,  calcium,  ana  magne^iui'n  increase  in  the  urine),  white  other  parts 
exhibit  a  difiproportionatcly  marlced  decomposition,  for  Dxample  the  fat.  The 
latter  are  broken  down  with  cspwial  rapidity  and  from  them  other  organs  aru 
IB  part  nourished  during  starvation.  Finally,  certain  organs,  like  the  heart  and 
the  nerves.  sufTer  Klighi  Iuks.  as  they  are  able  to  maintain  Uiein«eives  on  the  de- 
composition-products of  other  tissues.  In  the  breaking  down  of  the  tiiwues  the 
nuclei  also  sutTcr  and  certain  glands  undergo  fatty  degeneration. 

A  starved  male  cat  lost,  according  to  v.  Voit: 

PcttcDlut  ol  llu  ^tCEllM«r  of  the 

Amnuni  QricitMllr  Total  l.am  tt  Am 

Protai.  ftody. 

I.   Fat    ....                                                                   07  *tf.> 

a.  Spleen 66.7  o.4 

J.  Liver .,                                      S3-7  4-* 

4.  Testicles 40.0  o.i 

t.   Muscles  ......                                              30.5  41. s 

o.  Blood .                                             17. o  3.7 

7.  Kidneys »S-9  o-^ 

a.  Skill ,   30.6  8.S 

9.  Intestines tS.o  9.0 

10.  Lungs 17,7  O.J 

11.  Pancreas 17.0  o.t 

]3.  Bones ....    t j.9  5,4 

13.  Central  nervous  system j.i  0.1 

l<l.  Heart a.6  o.ea 

15.  Remalningportionsof  thi- body  together  36.8  5.9 

The  average  resistance  of  the  hemoglobin  is  increased  by  inanition. 

Allusion  should  be  made  also  to  an  imporlant  difference  between  animals  that 
have  been  litH-rally  fed  with  meat  or  fat  Ijefore  the  beginning  of  Mm  period  of 
inanition,  and  those  that  have  been  kept  on  a  barely  aufiicicnt  diet.  Lilwrally 
fed  animals  suffer  much  greater  loss  in  weight  in  the  early  days  of  stan-otion  than 
in  the  later.  Fiiriherniort.  fat  individuals  exhitiit  from  the  tirnt  a  nrwitrr  dttom- 
poeition  of  fat  in  proportion  to  proteids  thnn  thin:irr  individvi.ils.  .AtiimiUs  liber- 
ally fed  with  proteid  continue  to  decompose  much  albumin  in  the  early  days  of 
fasting.  Animals  fed  with  little  proceid,  on  changing  to  a  lihcral  albuminous  diet, 
likewise  continue  to  decompose  only  a  limited  quantity  of  albttmtn  in  the  &rst 
few  days. 
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METABOLISM   WITH   AN  EXCLUSIVE  DIET  OF  MEAT,    ALBUMIW 

OR  GELATIM. 

AMXirding  to  Pflugcr  th«  higli«r  aniiual  {im  )im  bem  drinonstratrd  experi- 
mentally for  the  doRl  can  he  nourighcj  and  maintained  almost  pxelusively  oo 
ptattids.  without  iiii]iainm-m  nf  its  (iiiirtifmal  ui-livny.     Prottid*  arv.  (herrto*e,] 
to  be  drsif^aicd  as  foods  of  the  first  urder.  as  fimd.-inK-ni.il  fnods.     CHugi-r  appliM 
the  term  nutriUDe  rttjutremtiil  to  the  smallest  amoiunt  of  lean  meat  that  tBcapablt 
oi  mainlaininD;  the  metabolic  uquiliLrium,  without  fat  or  cttrl»)h^-drate  o(  the  tx)d^ 
Ining  uliliicd  for  dcciimpositiot!.     The  amount  of  this  luitritivu  rc<)«ircTncnt  is 
determined  by  thv  wcjghi  ot  the  Hcsh  of  the  animal  and  increasrs  with  this  on 
a<lditton  ot  flc»K  to  the  body.    The  decomuositton  of  ]>ri't4-ids  incrcaMti  alito  yritl 
the  supply  uf  protcid  i{  tin;  latter  exceed*  tne  nutritive  requirtnicTit       Under  (aicl 
eirctirtMiani^it,  howcvor.  a  certain  portion  of  the  exceR*  of  proicid  in  conserved! 
and  deposited  as  flesh      The  nutritive  requirement  of  the  dog  is  for  i  gram  offl 
animal  nitrogen  o.oiijci  yrnm  of  imiricnt  nitrogen;   or  i  kilogram  of  nitrogenoti»l 
animal  titme  requircx  j.oqq  7r^m«  of  nitrocen  in  the  food. 

Human  l>einRS  provided  exclusively  mth  meat  free  from  fat  are,  however, 
not  able  to  maintain  the  metabolic  equjiibriwm.  Compelled  to  adhere  to  swch  a 
diet  ptmianeiitly  they  would  cortiiitily  succumb,  The  rvanon  for  tliia  ib  obvious. 
In  lA-cf  the  proportio-n  of  mlroxenous  to  non-mtrojp;THJU»  elementary  nutritiy*^ 
constituents  is  as  i  to  1,7.  The  healthy  person  gives  of!  daily  in  the  carl>on  dioxi^ 
of  the  resj>ir»tJo«i,  in  the  feces  and  in  the  urine,  alKmt  iSo  grams  of  c&rbon 
If  he  dcsin'd  to  obtain  thejt  iS©  jp-nmt  of  carbon  from  the  carbon  of  aw  excliutivel] 
meat'diet,  hi-  would  he  rnmpclled  t<>  di^^cst  and  auimilnte  more  than  t  kilos  ( 
pure  meat  in  twenty-four  hours.  His  organs,  however,  would  by  no  means  suffio 
to  accomplish  thii  permanently.  The  man  would  under  such  conditions  sooo  t 
compelled  tii  ronsiume  legs  meat.  Thii  result  would  require  the  decumpoution  of 
the  constitvtrnts  of  his  own  body,  firs!  of  all  the  fat  and  ihrn  alsn  the  proteids. 

Also  in  the  following  manner  it  can  be  clearly  shown  that  a  human  being  iaj 
unable  to  maintain  himstTK  on  a  meat-diet  excluMvcly.     A  man  wciKhing  70  kil 
enuns  and  doin^  a  moderate  amount  of  ivork  rctiuircs  40,000  calories  aaily  for  ■ 
xilo  of  body-weight,  thcrtforc  a  total  of  i.Soo.ooo  calories.     One  thousand  gi 
of  lean  beef  vicla  95,000  calorii*     Such  a  person  would,  theneforo,  be  compelled^ 
10  consume  a^Kiut  j  kilogrami;  of  beef,  or  s,8jo,ooo  calories,  daily,  and  this,  natur- 
ally, it  imjinssible. 

The  camivora  (dog),  whose  digestive  organs  are  especially  adapted  to  the 
discsiion  of  meat,  by  n-ason  of  the  short  mtestine  and  acturely  solvent  in- 
fluence "f  the  digestive  tl\iid»  upon  pn>1ciib,  cinnnt  be  maiiitmncil  |Tcrm.iitently  »m 
chemically  pure  albumin,  although  this  is  possible  with  the  leanest  meal,  which, 
hcmcvcr.  alwaya  contains  not  less  than  o  s^  per  cent,  of  Xat.  Under  such  circum- 
stances the  atumnl  consumes  larKe  aniuunts  of  meat,  and  as  a  resull  the  elimina- 
tion of  urea  is  in<'rea»ed  corrc»pr,nilirj:ly.  If  it  cat  still  larger  amovint*.  it  may 
even  put  nn  flesh,  and  thi-n,  in  accordfince  ti-ilh  the  mnintcnancc  of  the  newly 
deposited  flesh,  it  requirts  naturally  a  constantly  increasing  amount  of  meat. 

The  herbiviira  are  under  im  ein:uinit.tnees  capable  of  subsifiting  upon  a  meaC^ 
diet  exclusively,  as  their  digestive  appanitus.  which  is  adapted  for  vegetat>le  foodf 
would  by  no  means  suiTiee  for  the  diwosal  of  the  necessary  amoimts  of  meat. 

Of  gilmin  it  hiia  lieeii  »howii  that  it  may  rqiluec  the  proteids  in  the  fo  __ 
in  so  far  as  these  serve  an  smirces  of  energy-  .md  heat.  Imt  not  if  bodily  tisMic  ia"- 
to  be  replaced.  Under  such  circumstances  two  parts  of  gelatin  take  the  place  of 
one  pan  of  prolciil.  The  camivi>ra,  which  can  maintain  tlicir  metabolic  equilib- 
rium with  liifge  amounts  of  meat,  are  capable  of  doing  this  with  less  meat  aniT 
a  coTresponding  addition  of  gdntin.  According  to  Munk  the  dog  ts  capable  fq 
a  few  days  of  replaeing  J  of  its  protnd  rcfjuirement  b\'  gelatin.  A  diet  of  gelata 
exclusively  is.  Iiowevirr.  inaiicquate.  In  addition  the  animals  soon  lose  the*' 
appetite  riir  such  food 

In  conscipuncc  of  its  solubility  the  addiriou  of  gelatin  (calf's-fcKic  jelly)  to 
the  food  of  convalescents  has  been  recommended.  The  absorbed  products  of  the 
iUgcfttion  of  gelatin  are  conveyed  to  the  connective  tissues,  which  constitute  a  re- 
pository for  it.  After  u  Itmg-conlinued  diet  yf  chondrin.  together  with  atcatj 
EIucosc  has  been  found  in  the  urine. 
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AN  EXCLtreiVE  DIET  OF  FATS  OR  CARBOHYDRATES. 

If  /al  Hlune  is  Kumilieil,  thv  Ixxly  i!^  uniiblr  to  nmint^iin  itNcK.  Lii  cunaeijubiice 
of  the  dcficimcy  of  nitroK^n.  the  Animal  must  ticcossarily  perish.  The  symptonut 
occurring  w  iih  tliia  fomi  of  diet  are  as  (oUows;  The  animal  in  question  secretes  less 
urea  than  in  a  Mali;  ut  huriiivr.  Thrrtfure,  the  cimmnipliiM)  of  fiit  iitual.  rvstrict 
that  of  tlic  &ff,h  (i{  tlic  nnimal  itself.  This  is  due  to  the  fact  thnt  the  fat,  being 
a  readily  combustible  substance,  is  more  readily  oxidised  iit  tbc  botjy  tluin  tlic 
Ic44  nrudiiy  tomSuatible  nitruti-iioiiB  ullni minutes.  I(  tli*  aniouiil  vl  fwt  lakcit 
it  exoeedtngly  large,  not  all  of  the  curbon  of  the  fttt  enn  be  Tecovenid  in  the  excreta, 
or  BS  carlxm  dioxid  in  the  expired  air,  Aeei^dingly  the  btvly  mu*t  aecumu- 
laie  fat,  white  nsiturally  it  destroys  protcids  in  corresponding  amaimt.  Tlw 
animal  thus  becomes  fatter  and  at  the  same  time  poorer  iii  llesh. 

The  rutullof  adminixtntttan  of  caTbohydraui  tdont:,  which  must  ftnt  be  con- 
verted intoGusar  by  the  di^stivc  processes.  cxhitnLs  marked  similariiy  to  tliat 
obtained  with  a  pure  fal-dict.  Il  should,  however,  be  noted  that  the  sugar  in 
thd  body  more  readily  uuderKoca  dealrticlion  than  Uie  fat.  and,  further,  thai  with 
reference  tw  the  nutritive  vnlue.  156  parts  of  glucoK  are  the  equivalent  of  100 
[Murts  of  fat.  Acordinsly.  a  earbo hydrate- diet  restricts  the  decotnpoeitioo  of 
protaidt  even  more  readily  than  a  pure  fat-diet. 

jiutc  as  it  is  necessarj'  outside  of  tue  body  for  the  fermentation  of  disaccharids 
and  polytaecharid)!  that  th«He  bi:  tiret  drcompoecd  into  moniMuiecharid»,  so  alto 
the  combustion  of  sugar  in  the  t>ody  can  occur  only  on  condition  that  a  trans- 
formation  into  monosaccli&rids  has  previously  taken  place. 


LAWS  GOVERNING    METABOLISM  ON  A  MIXED  DEBT  OF   MEAT 
AND  FAT  OR  CARBOHYDRATES. 

If  a  dog  in  a  state  nf  metabolic  equilibrium  be  ^'ivni  an  amount  of  fat  and 
starch  exceeding  its  requirements,  climi nation  through  Tnetnboli.im  is  not  in- 
crewted,  but  the  excesii  of  these  non-nitrnKciiuus  fuod^  adiuini&lered  is  dcpo&itcd 
in  the  body  of  the  uiimiil  as  fat. 

If  n  do^  fed  with  tli«  Irancst  possible  meat,  and  in  a  state  of  metabolic  equilib- 
rium, be  given  an  additional  amount  of  meat  exceeding  its  requirements,  the 
elimination  Ihroufth  mctabohain  increase*  almost  proportionately  to  the  addi- 
tional amount  administered  tjcyond  the  reijuirt-iuents.  Only  a  (anall  portion  of 
the  addition  is  conserved  and  increases  the  hody-neight  as  a  deposition  of  flesh. 
This  augnientation  of  metaboUsm  not  only  causes  an  increase  in  the  nitrog- 
enous excretion  in  general  proportitmiil  to  the  sup[ily  of  pruteid.  but  «Uo  tlw 
carbon  contained  in  the  supply  of  proieid  is  a^ain  excreted,  fur  of  the  pmteid 
fed  00  portion  is  deposited  in  the  body  as  fat  or  carbohydrate.  From  both  of 
tliesc  statements  it  (oIli^v><i  that  neither  fut  nor  carbohy^ato  i$  cap;ible  of  in- 
creasing metabolism  beyond  th(>  requirenientR,  ulihough  proteid  is. 

The  se.tt  of  active  proteid  mciabulism  after  a  diet  rich  in  proteids  is, 
according  to  Plluger,  not  in  the  incrcaaod  How  of  lluid,  but  within  tnc  proteid- 
containing  cells  wlttch  liave  undergone  a  marked  atieraiion  (saturation)  as  a 
result  of  the  entrance  of  the  iiroteid  into  iIikiu.  This  view  is  contirraed  by  the 
experiments  of  SchOndorff.  who  found  that  if  the  blood  nf  n  fiL'tling  animal  l>e 
forced  through  the  tissues  of  a  generously  nouiislicd  animal  the  urea  in  the  blood 
of  the  hitter  iiicreii.sc< ,  while,  011  tlie  oootrary,  if  the  blood  of  a  we  11 -nourished 
animal  be  forced  through  the  tiontes  of  a  lasting  animal  the  uxca  in  the  blood 
of  the  Utter  dinunisbcs.  At,  oa  providing  an  adequate  amount  of  proteid,  mus- 
cular activity  takes  place  only  at  Uw  expense  of  proteid.  and  as  in  tlic  decomposi- 
tion of  this  proicir!  ninther  (at  nor  carbohydrate  results,  fat  or  carbohyurat« 
cannot  bo  t)u:  ttuuree  of  muscular  activity  (PHugirr).  Other  investigators  are 
of  the  opinion,  however,  that  with  adequate  nitn)genous  nourishment  energy  its 
well  as  neat  can  be  gtuerated  from  (at  anil  carbohydrate. 

\'ouriilimtnt  with  Ctirbi^hydraus  <"'<i  Mral.  -The  organism  is  capable  of  gen- 
erating fat  from  carbohydralen.  A  deposition  tr(  fat  in  the  body  thus  brought 
about  takes  place  only  if  in  addition  Iv  the  proteid  of  the  meat  a  nutritive  excess 
of  carbohydrates  is  present-  Such  an  exce<ts  of  starch  may  be  present  even  when 
the  supply  of  starch  its^^lf  is  ginnll,  while  the  cxce»s  inuy  even  be  wanting  when 
the  supply  of  Eiorch  is  large.  Tli«  rvsnlt  dt-iH'nds  u]x>ti  the  character  of  iBe  food 
that  is  supplied  in  addition  to  th«  starch.     The  larger  tlie  amount  of  proteid.  in 
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ftdditlem  to  the  sutrch,  contained  m  lh«  food,  tht  more  (««dily  is  an  txttaa  ot' 
starch  to  b«  attnined  without  the  necessity  of  sueplj-inij  too  much  starch.  If 
this  condition  of  sticb  an  excess  t*  ooi  fulliUtd,  fat  dot^  not  rwalt  even  with 
generous  admin  i«tration  of  rariwhvdnitex.  The  newly  formed  fat  pocseceos  th9 
ume  )>olenti;U  raersy  AS  the  nulnti%-e  excess  resulting  from  the  carbohydisUi 
adnunist«red. 

Dc!H>sition  of  fut  in  the  body  docs  not  t«kc  place,  however  large  the  excess 
of  prutcid  f<7od.  if  corbolivdnitcs  or  Cat  be  not  sup|>hed  at  the  same  time.  Ob 
(c«ding  with  nicAt  and  starch,  or  in  general  with  a  mixed  diet,  the  aoioant  of 
nowly  forinrd  fat  d<rf>cnil(  in  no  w-i»e  upon  the  amount  of  proleid  decomposed,. 
but  onlv  upon  tlK  amount  of  nutnuve  excess  due  to  carboh)'dratec  DepocitioB' 
of  fat  from  carbohydTBtos  takes  place  ev*rn  when  no  proteid  at  all  is  supplied 
and  the  metabolism,  therefore,  must  be  maintained  in  part  at  ibe  expense  ot  a 
ponion  of  the  body-proiwd. 

\Vhile  (or  the  inaintniance  of  the  nietalwlic  c(|ailibrium  on  a  pure  meat-diet 
an  enormous  consumption  ifrom  ,'^  to  .'(  of  the  body -weight  in  the  dog)  is  required. ' 
a  third  of  Hh.-  amount  of  meat  suffices  with  an  adequate  addition  of  fat  or  carbo- 
hvdrntc.  For  loo  parts  o(  bt,  added  to  the  meat.  145  parts  of  diy  meat  or  317 
of  B>-TitontD  can  be  conver^'cd.  U  carbohydrates  arc  selected  instead  of  additiomal 
fat,  100  parts  of  fat  correspond  to  from  950  to  it,9  parts  of  carbohydrate.  It 
should,  howe\<er,  b«  borne  m  mind  that,  at  least  for  a  short  time,  the  carbohy- 
dralM  are  superior  to  fat  as  a  proieid -sparer,  as  the  fat  is  leu  eompletelf 
utilised  in  the  pnven:  of  metabolism  than  tae  carbohydistrs 

It  Kipears  that,  mstead  of  fat.  a  convspooding  amount  of  fatty  adds  has  tbt 
•MiM  cflect  in  the  process  ot  metabolism. 

Clyemn  is  not  capable  of  )r.tsening  the  destroctioo  of  todiljr  proieid.  althcvxb 
recently  1.  Munlc  has  stated  that  moderate  amounts  of  elj'venn  intradoced  into 
the  circulation  aiv  consumed  in  the  bodv  and  throvsh  tncir  oxidalioo  proMct  » 
portion  of  the  bodily  (at  against  oxidatton  Acconuof  to  Leb«<lefl.  v.  Vott  and 
Afoaehink,  cljpcenn,  however,  diminishes  tbe  decomposition  of  bodily  fat  and  is 
tbuvfen  «  ncd-materiol. 
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A  peiticn  ot  the  bodily  fat  is  derived  dirretlv  from  the  food,  bsing 
depoattM  in  tbe  tsssnc*  after  abaerption.  In  favor  of  this  view  m  the  ouei 
that  with  a  SBanty  jwoteid  diet  a  jicnerotts  additiosi  of  niest  canaei  tbe  depotWoaj 
oJ  larp  amonnu  of  fat  in  the  bo>^.  The  adrajnbtiatiaa  ot  ftttt j  arids  alone  OAJT  < 
also  cooinbutc  to  the  fonaatsoo  o<  fat.  tnamnch  ac  gjj'ociin.  fonncd  by  tM  \ 

As  a  itsuh  of  nitteuin^  operinMBts  with  diflcniot  waim-fcloodwl  smmaW ' 
(pig.  gogse,  do£) ,  ts  which,  m  additioo  to  a  \»xgt  «zccm  o(  starch,  only  a  saall  r 
amoyat  e(  fait  aatd  prvtcid  is  supplied,  the  ooochwion  has  been  mcbcd  that  ■ , 
dimet  tmutc»mutioa  of  the  absoned  carbohydrates,  rick  in  uxygf .  imo  faXtf '. 
tiemt,  poor  is  ossrsea.  taltts  placa.  MflMrtOnstd  thai  the  ncar-inalectile  «<  thai 
feod^gmniB  BXCHB(rftharKi«iT«BenteKirtbv  dr»ckya«nt  r«  Catis  tbe  atAaal. 
ii  ia  |wn  nndised  and  m  part  redoced,  so  that,  on  the  one  hand,  carbon  dioacad*  : 
aad.  oa  the  other  band,  tiae  poop  et  atocns  caocemed  in  the  fiormatioa  of  te. ' 
resnh.  T"""'""  ^  a*  the  mclecnEtr  irnrnps  CH  OH  are  trdoced  to  CH,  The  cartwa 
SetM  that  is  cxhaM  what  fatt-foraation  takes  place  in  ranMswtsK*  <d  ibfe  | 
adXBiBiiuatioa  cd  starch  b  thus  denrnd  hvn  two  aovr.^  '  -    tn  part  frooi ' 

the  process  of  deoanipoBtJon  iliaiilwl.  tai  ia  part  I:  '^  cMBboM^oa . 

(d  sUK^     tV  eEGcmve  tfminatioe!  «(  ««-■ —   -■'-  — *i  o*  fat- 

temation  ia  coasaHosBca  of  an  ejbcesarve.O-  oittae  tn 

increase  m  the  3 
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the  caibon  of  the  meat  could  cot  be  recovtred  from  the  excreta.  Tbcy  concluded, 
therefoie,  that  tliia  carbon  liad  been  truisfonned  into  fat  for  accumulatloo  in 
the  body. 

Tbii  statement  is  contradicted  by  PHuecr  on  the  basis  of  bis  own  investiga- 
tions, mliicl)  lead  biru  to  Ibc  conclusion  tliat  the  doctiinc  of  the  development 
o(  fat  from  pratcids  ill  tlie  bodies  of  aniroalu  is  entirely  groundlesa,  If  it  were 
lUKumcd  that  fat  could  be  formed  from  proieid.  nich  formation  is  not  possible 
through  siitiplo  decomposition  of  the  proteid  molecule,  but  miiier  it  would  be 
necessary  for  decomposition  first  to  taxe  place  and  then  G>-nthesifi  of  the  decom* 
posed  parts. 

Earlier  investiKston.  who  accepte*!  the  formation  of  fat  from  proteids.  be- 
lieved that  the  pixxeids  administered  broke  up  into  a  non-nitrozcnous  and  ■ 
nitroeesious  atom-complex.  Tlic  former,  in  case  it  did  not  leave  tnc  body  com- 
plctcly  dccomiJOBcd  into  carbon  dicixid  uiid  nstcr  vsIkti  a  rich  {jtotcid  diet  was 
taken,  was  believed  to  iumish  the  matcnsl  for  the  (oimation  of  (ut,  while  the 
latter  was  supposed  to  leave  the  body  oxidized  principally  into  urea. 

The  following  experiments  support  the  view  that  fatean  develop  from  proieid 
furnifiheil  tn  food:  (i)  Ssubotin  and  Ki-iiimerich  fed  nursing  hitches  with  meat 
almost  free  from  fat.  and  found  that  the  yrcatrr  the  amcmnt  of  meal,  cntra,  the 
greater  was  the  amount  of  milk  produced  and  thus  also  of  fat.  In  these  experi* 
m«nl&,  however,  the  possibility  is  not  excluded  that  the  bitches  utilized  the  fat 
of  Iheir  own  bodies  in  the  preparation  of  the  milk.  (3)  Radziejewiiki  £ave  a 
lean  dog  meat  almost  free  from  fat  and  in  addition  pure  rape-oil.  one  of 
whose  constituents,  erucic  acid,  docs  not  occur  normally  in  the  animal  body. 
Whi/n  the  animal.  aft«r  a  period  of  feedine  of  considerable  li-ngth,  had  accumulated 
fat,  chemical  examination  demonslrated  that  the  ti&sues  contained,  in  addition 
to  crucin,  also  fat  which  otherwise  is  normally  present  in  the  dog.  In  an  analogous 
manner  Lebedetf  found  in  a  dog  after  feeding  with  lean  meat  and  linseed-oil  con- 
siderable amounts  of  linoldc  acid,  together  with  Doimal  dog's  fat.  In  both  experi- 
ments, huwever.  the  normal  dog's  fat  could  have  been  denved  from  the  fat  01  the 
meat  fed.  (?)  Tlie  fat  found  within  organs  in  a  state  of  pathological  fatty  degenera- 
tion had  previously  often  been  considered  as  derived  from  llic  proteid  protoplasm 
of  the  tissues.  Even  though  it  be  admitted,  naya  I'liuKcr,  that  the  fat  of  the  de- 
generated organs  has  developed  within  them,  and  has  not  gamed  entrance  £rom 
without,  it  wotiid  still  tirat  be  necessary  to  believe  tliat  the  cells  everywhere  con- 
tain carbohvdrates  or  their  derivatives,  which  it  is  known  with  certainty  can  be 
tran)ifi>rtnecf  into  fnt  Svsvrthetic  procctitt.  AUo  the  fatty  degi^ncraiion  produced 
in  the  animal  body  by  phosphorus- poisoning  affords  no  gupport  for  tlie  view  that 
fat  is  developed  from  proteid.  for  uthough  a  small  amoimt  of  fat  is  found  in  the 
body  after  such  poisonrng.  itn  development  from  proieid  has  not  yet  been  demon- 
strated. Tn  the  case  cf  fatty  diiiencration.  there  is  primarily  an  injiUTf  of  proteid 
bodies  and  in  place  of  these  fat  from  other  sources  appears  in  the  cells  in  a  certain 
measure  as  a  reparative  pruccdun:.  (4)  Niigeh  showed  that  kiwrr  forms  of  funici. 
Eke  other  plants,  arc  able  to  form  proteid,  fat  and  carbohydrates  syntbcticall)r 
from  various  matters,  in  part  cxcci'iHiigly  simple.  Thus,  for  example,  fungi 
generate  fat  syntheticntly  in  ripening  cheese  prrtliablv  from  the  products  of  de- 
composed proteid  In  the  decomposition  of  eiitirt  cadavers  and  their  transforma- 
tion into  a  mass  eonsiMtmg  uhnosi  wholly  nf  piilmiiic  and  stearic  acidit  (adipocrrc) 
in  the  presence  of  fungi,  it  cannot  be  concluded  that  a  simple  transformation  cd 
albumin  into  these  fats  takes  place. 


DEPOSITION   OF   FAT  AWD    FLESH   IN   THE    BODY  (HYPER- 

nUTRITIOK], 

CORPULENCE  AND  THE  MEANS  FOR  ITS  CORRECTION. 

riypeniutntion  results  if  more  food  is  supplied  than  the  body  is  capable  of 

aecnin posing  and  again  cliuunuti»K>     'rhi.-  digestive   apparatus   (coUcctivelv  and 

tMi  onmnon  attivity)  is  probnUly  ciip.ibU-  of  digesting  twice  as  much  as  the  re- 

•i^uiriments  demand.     The  absorbed  cxclm  of  (ood  thnt  is  not  decomposed  is 

*a*^'^'"'"'iited  luid   forms  the   supcrHuous   tisiiiKv     Higher  animals  are  capable, 

~  .^hough  not  in  the  strict  sense,  of  surviving  on  an  almost  exclusively  proteid  diet. 

■eiT  wa»  able  to  keep  a  doR  engaged  in  hard  work  alive  for  an  mdefinite  time 

■I  exclusivfly  i)(  meat  and  almost  free  from  fat.     All  of  the  vital  phenomena. 

">■  can  be  carried  on  by  means  of  proteid  alone.     Albumin  may,  accordingly. 
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wholly  replace  f»l  in  the  proceaJ  of  metatKtlinn.  The  nnolleit  Amount  of  lean  meat 
that  tlni"  itK.mi:.>iit  ihe  metabolic  ef|uihbriuin  is  drsi^ated  bv  Pfitigrr  aa  the 
Htttritf.'e  "-  The   s»ii>i>ly  nf  (at  or  carbohydraies  exclusively  is  newer 

capsble  of  ng  tife,  as  the  animal  under  sodi  circumxtaoceii  b  eompeUed 

ti  rfinNuine  in*  mwii  iVsh  Tlirrrfore.  a  certain  indiitpmxablr  umnunt  of  pTOtcid 
must  al«oliite'lv  W  prrrtcnt  in  c%Tr>'  diet. 

[(  an  a  '      i'  protcid  be  added  to  the  food  that  is  »uliicieiit  in  itself  to 

fulfil  tlx.-  I  '    and  if  any  desired  amount  vl  ia.\  i>  added,  almost  all  c4 

the  proteid  -i.,  ..^  iiitompoaed  and  almost  all  of  the  fat  wii!  l.c  dc-pi^ipd  as  sueh. 
The  conditions  are  mueh  ihi-  ivamt  if  rarbohvdrate  in  supplied  inHiead  nf  fat, 
exeept  that  in  this  ca*c  the  carbohydrate  is  transfomwd  in  the  body  into  fat 
and  IS  derxtsiied  as  such.  Tlie  greater  the  amount  of  non-BiiTogenou«  forxl  that 
is  jrufiTiliea  in  a<lditii>n  to  the  ntitni)V«  requirement  nf  pmtcid  the  more  favorable 
are  the  cn(idiiirrn$  f'T  fattening,  because  all  oi  the  non-nitragenous  matters  arc 
tran»(om:M.-d  inlo  b('dily  fat. 

If  prutctd  ia  oot  luiijilicd  in  sufficient  amount  the  deliciencr  may  lie  made 
Roodbyfnt  or  carbohydrate,  and  in  nich  pri>porti<}n  that  two-third*  of  ilic  nutritive 
rrfpiirement  may  tw  supplied  by  non-mlrogenous  mailer*.  I'ndcr  such  circum- 
stanc^rs  the  lalte'r  replace  the  A-ticicticy  of  rroteid  in  accordance  with  the  amiunt 
of  ihcir  potential  energy  as  indicated  by  xhc  numbtr  of  calories  j-ielded  in  their 
<.*(<ml>tii.lii>ii.  Prom  these  (acta  it  follows  tluit  the  gn^ater  or  (fnaller  .-itnount  of 
albumin  supplied  with  such  food  is  decomposed  almnft  wholly  in  the  process  of 
mctal'dism,  irdiflerentjy  whetlwT  much  or  little  fat  or  carbohydrate  is  sup- 
plied at  tliL-  same  time.  In  direct  contrast  tn  the  protcid.  the  ammint  of  fat  or 
carbohvdrale  that  in  c^inMimed  in  the  process  of  metabolism  is  in  nowise  dependent 
upcn  the  ammtnt  thereof  contained  in  the  food.  Grncrally.  the  amount  of  caxbo* 
I,, , Irate  i.'t  fat  Ihal  undergots  decomposition  is  tbe  smaller  the  larger  the  amount 
Pvid  supplied      The  nutritive  rt-qtiirement  ii  satisfied  first  and  foremost  by 

i  i-l,  but  tf  the  amount  of  proteid  supplied  is  not  wiBScient,  the  fats  and  the 
t-ari^'.ih  yd  rates  an-  also  ulihwd  in  so  far  as  ihc  rc<iuiremcnt9  demanil.  In  order 
tu  comprehend  the  laws  of  fattening  by  means  of  proteid  and  starch,  it  should 
bo  borne  in  mind  thai  fur  the  saiufactioii  of  tin;  nutritive  retiuirement.  in  addition 
to  almost  the  entire  aminint  of  prfiti-id  wiiiplied.  so  much  carbohydrate  is  decoan- 
pned  ns  will  wholly  suffjce  for  tlie  nutritive  rc(|uirenn-nt  The  amount  of  cartx^* 
nydratc  left  over  is  de[ionted  aa  fat.  In  atvonlnnce  with  the  forctoinx  statements, 
on  Bupplyinf;  cfiuni  amounts  of  carbohydrate  u  pro[)ortionatcly  larger  amount 
will  be  conKned  the  larger  the  amount  of  proteid  f^unuahcd. 

The  anit'^ifit  of  nntniive  rr<]tiin.'ment.  that  is,  the  smallest  anunint  of  fat^free 
meat  that  alone  establishes  metabolic  eq«ilit>rium,  is  governed  by  the  flesh-weight 
of  the  animal  and  incrcRKes  in  direct  projiortiim  in  this,  A  fat  animal  hoK,  (here- 
fore,  apparmtly  a  smaller  nutritive  nHiuirentent  only  Iwcause  the  total  amount 
of  fat,  acting  as  a  sitniiar  amount  of  dean  matter  consumes  nothing. 

The  decomiH'j'titiiin  in  the  pr<icc»  of  inctntHili^m  of  the  proteid  talcen  with 
tbe  food  incrcnsrs  with  the  nipply,  even  when  thi.i  fnr  exceeds  the  reqiiimncnt. 
but  a  jiortion  of  the  excels  is  always  conserved.  In  this  manner  there  is  a  gradtwl 
dc])0«ilion  of  flesh  in  the  b<i4v, 

As  tbe  amount  of  nrotetd  supplied  with  the  food  haa  practically  no  inRuence 
upon  the  deposition  of  fat  in  the  nody,  and  the  car*MihydratM  are  generally  not 
so  useiful  as  proleid.  fat  will  he  prodnced  most  advanlagenusly  with  the  smallest 
amount  (rf  proteid  posubte.  but  with  the  largest  possiBle  amount  of  starch  in 
the  food.  If  an  animal  on  »  mixed  diet  in  a  nvKlenite  state  of  fattening  be  given 
a  further  supply  nf  pmuid.  this  wdl  at  once  satisfp'  a  portion  of  tlie  nutritive 
requirement,  which  theretofore  had  been  saiislied  by  non-nilrofrenous  matters. 
These  therefuri- 1  an  lie  disjjenscd  with  and  arc  deposited  aa  fat. 

With  a  diet  of  miat  eaclu.-avidy  drpositit'n  of  fltsh  is  poeaiMo  only  when  Um 
jirotcid  of  the  food  exceeds  the  requirement.  The  lai|*eit  portion  of  the  excess 
of  proleid  is  decomposed  and  some  is  deposited.  Willi  incrvase  in  tbe  weight  of 
flesh,  the  consumption  of  proleid  soon  inereo.^cs.  and,  aeeordingly,  the  amount  of 
excess  diminishes  It  is,  therefore,  one  of  the  properties  of  protirid  food  tliat  it 
tends  «pei-ilily  tn  neutralize  the  conditions  necessarj-  for  the  deposition  of  Aesb 
if  these  are  present. 

With  a  mixed  diet  drjioviii.in  of  llish  can  lie  attained  only  if  tbe  supply  of 
proteid  cxcced^^i^ani<i'.iiiT  iiidis;MrnKib!c  fndcr  such  circumstances  only  (rom 
7  to  9  BBEflBHiV''  '^^  moll  16  per  cent.,  of  the  proleid  6u|rplied,  is 

coDMrMH^^^^^^Fri  <  articles  of  luoA.     11)c  deposition  <>f  flesh  ia  Uicn 

the  gr-  ■::;  n    '    f  j.rotcid  Contained  in  the  food.     Of  th«  protftld 
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coasumcd  the  body  can  deposit  only  one  part  of  protcid,  while  nine  parts  arc 
decooipoaed.  In  addition,  tor  two  parts  of  dixi:>fni)osinK  prot«id  one  part  of  fat 
in  fonned  from  tbe  caTbohjrdratc  mpplicd  m  cxcvm. 

Excntsivc  deposition  in  the  hoay  of  man.  c^rrfwl^ncif.  U  to  be  eonnidcred  an 
abnormal  inanif<!Siatton  of  Tnetaholicm.  vrtiich  to  th«  mbjci't  may  t>^  a  noitrce 
not  alone  of  inconvenience,  but  also  of  dtsordfrs  or  ev*n  of  sericniB  danger.  With 
reference  to  the  causes  of  olwsity,  n  certain  ileuree  of  c-finj^eiiiinl  nredisi>osiiion 
(m  from  jj  to  s6  per  cent,  of  the  cases)  cannot  he  dctiii-d,  inasmucn  ax  mcni)>ers 
of  certain  families  increase  more  readily  in  weight  (as  is  likewise  true  of  certain 
breeds  of  unimais),  while  others,  even  when  su^iplird  ivtth  xn  abundance  of  food, 
which  mny  reach  enormous  amoimt.t.  rcmaiTi  thin,  Th*  principal  cnusi;.  hnwevcx, 
is  an  habitually  i-xccssivc  eupply  of  food  beyond  the  normal  metabolic  avcraf^i 
allhou^h  itImijBl  w^ry  corpulent  pvrson  will  mlh  complacent  »clf-dcccption  main- 
tain  that  be  really  eat*  remarkably  iillle. 

'i'he  mi«lAk«  i^hould  ))c  avoitlcd  of  considering  the  corpulent  individual  as 
always  excessively  (at.  The  process  of  overfccdinc  results  at  hrsc  in  the  drpcisition 
both  of  fat  and  of  tlcsh.  On  coniinuaiiee  o(  ine  process  ihe  develojjment  of 
mutcular  tivHuc  dtminixhes.  tjK:auiw  in  con&equence  of  hi^  chaiisiness  and  helpless- 
ness the  corpulent  indiviilual  is  n-nden-d  inaclivc.  As  a  result,  the  mitrition  of 
the  muscular  siruciures  is  secondarily  impaired.  Some  active  corpulent  individ- 
uals, however,  retain  their  larve  depoailion  itf  lleth  ihruuchout  life.  If.  however, 
tho»e  facton  tiecome  especially  operative  later  on  that  favor  the  production  of 
fat.  corpulence  may  be  tran«form«l  into  obesity  exclusively,  as,  naturally,  is  ire- 
qiiently  the  case, 

T/nffollotitimgiHflufKeesfavorlit^tUvtUpituniv}  corpulfntf:  (i)  An  excessive  diet 
of  proieid,  with  a  corresponding  addition  of  fst  or  carbuhydraie.  The  proteid  of 
the  food  serves  for  the  deposition  of  albuminates  in  the'  iKiily.  while  the  fat  is 
produced  by  the  ingestion  of  fat  and  carbohydrates  (a)  Diminished  consump- 
lion  of  nitrojien  in  the  body,  in  ccxiM^nuence  of  (<i)  k-wtMied  muscular  activity  (hlttc 
movement,  much  sleep).  C''*  Rnfci-hlemrnt  of  the  sexual  ftinrtions.  a.t  shown  by 
the  fattening  of  castrated  animals,  as  well  as  the  circumstance  that  women  readily 
become  corpulent  after  ccsMtioii  of  niemitruation,  probably  in  consequence  princi- 
pally of  witlidrawiil  of  the  stimulating  influence  of  vascular  activity,  {<:)  Dimin- 
ished mental  activity  {ohesiw  of  idiocy),  phlegmatic  temfieramenT.  prr-hahly  for 
the  foregoing  rvason.  Conversely,  vigorous  mental  activity,  an  excitable  tem- 
uerament,  anxiety  and  grief  r<ninteract  the  fattening  procfsi.  (J)  The  eorpu- 
lent  individual  need  consume  n-lativcly  less  malenal  for  the  p-m-rstitni  of  beat 
in  his  body,  partly  because  hi.i  compact  body,  in  coiiseiiuence  of  the  greater 
concentration  of  mass,  gives  ntl  lens  heat  frotn  thc^  cxieriial  integument  than  a 
delicate  .tlender  body,  ami  parlly  because  of  the  thick  lavcr  nf  fat  as  a  poor  con- 
ductor of  heat  prevents  direct  loss  of  heat  by  conduction.  As  a  result  of  the 
relatively  lessened  production  o(  heat  in  the  body  thus  rc<iuircd,  there  may  be  an 
increased  dei>o(iitiwii  o(  tissue  (<■)  A  reduction  in  the  number  of  red  blood-cor- 
puscles, which  stimulate  ■■ixicl,iiion.proci*iisc«  in  thi?  body,  is  gi-iu-rally  followed  by 
an  increase  in  the  amount  of  f.nt,  Corpulent  persons  arc,  lhiT;-fi>n!.  not  rarely 
fat  because  they  arc  anemic.  Women  with  a  reduced  miml>er  of  red  blood-cor- 
puscles are  jjene'rallv  fatter  than  imni.  (/)  The  use  of  akolin!  favtjrs  the  coiiscr^'a- 
lio«  of  fat  in  the  body,  hecatise,  on  account  of  the  re.'wIineMt  with  which  it  is 
oxldiu.-d,  it  protects  the  fat  in  the  body  from  combustion  (the  obesitv  of  drunkards). 

In  addition  to  the  vrval  inconvenience  due  to  the  weight  o{  the  body,  cor- 
pulence, and  partieutarTy  obesity,  k  aileiidi'il  with  certain  dinad vantages  and 
danger*.  Amifnj;  these  arc  dyspnea,  readiness  of  fatigue,  the  development  of 
intertrigo  in  the  (nldsi^f  the  skin  and  of  so-called  fat-hcon,'!,  and  finally  the  danger 
of  fatty  degeneration,  of  cardiac  paralysis  and  of  apoplexy. 

For  the  Giyrrt-elion  j;  i>bc\<:iiy  the  JoUowing  nie-a*ure*  should  be  adopted:  (t] 
L'niforin  retluctmn  di  all  of  the  articles  of  U<i.n\  to  Uie  iinipurtioiiB  iit  llit  normal 
diet.  The  nhesejiaticnt  should  weigh  himself  and  his  daily  amount  of  food  from 
week  lo  week.  So  long  as  he  observes  no  reduction  in  body-wcitfhl,  the  amount 
of  food  (in  apite  of  the  appetite)  xhould  he  gradually  and  uniformly  reduced. 
ThiscourM:  snuuld  be  pursued  slowtv,  without  imduly  sudden  limiuition.  Almost 
all  good  resolutions  fail  in  ihc  face  of  the  excellent  appetite,  A  moderate  reduction 
of  the  fat  and  the  carbohydrates  in  Ihe  noniial  diet  nould  at  the  same  time  rcndt 
in  consunipiion  of  The  fat  of  the  body  it>*I(.  Such  individuals  as  are  still  capable 
of  muiculnr  activity  may  be  pemnittcd  156  grams  of  projcid,  4^  grams  fit  fat, 
114  gmms  nf  carbohvd rates.  I'hose  in  whom  hypostasis,  hydremia,  and  rtupira- 
tory  difticulty  have  developed  may  be  permitted  i;o  grams 'of  proteid.  195  grams 
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of  lal  bimI  17a  snoB  of  Cftrbcdiydtmiiu.  It  ii.  bowever,  not  adviubk  to 
■  cofpiikat  pcnan  eBOCMVdy  u  10  Csu  and  carbohr^ntcs  aloM.  as  U I 
is  iht  ao-CAlted  enre  uf  Buitmg.  Ssch  a  riaks»  a»dificatio«  <4  the  noniaal 
it  f>ftai  attcAdftd  with  pfofoond  ik-T»ng«RMnt  of  Uw  coUrc  nMtabobna. 
penoM  have  waBenA  gnatly  in  b«a4tb  m  a  tenlt  ei  Hut  proet6ate.  Erety : 
gqptinatd  UautatioB  Mt  diet  in  ooe  (ttrectioa  is  deleteriaits  and  will  aeeovd 
mak  in  etnadation.  bat  doc  wiibout  dangct-.  (or  it  baa  a  diaturtnig  tnflutncc  i_.  _  _ 
tbe  entite  metaboJiwa  and  thw  in  a  givm  ante  is  palhoKycaL  {*}  It  is  athritaUe 
donnfc  the  pnDdpal  nttaia  to  avoid  aa  nmch  aa  poaaibje  tbe  ok  oi  Suida  of  aU 
Uiul  (tmtil  about  tbree-cpaiten  of  aa  hmtr  later),  becaoae  hf  this  meam  the 
•baarptkm  axid  tbe  diccsuvc  arU-ritT  in  tbe  inUatiDe  are  rmdovd  lest  effective. 
(3)  MUKulai'  actit-ity  ^lould  be  tncreatcd  by  vigomu  work,  and  also  mental 
activity  tbould  be  cncourarcd.  (4}  Heat-daanpatioa  ibould  be  tavored  by  c«Jd 
batba  of  long  duration,  followed  by  n^oroua  inctaon  cS  tbe  aiaa  to  tbe  point  of 
bcigbt  rednua.  At  the  came  ume  tbe  dotbins  tbOBld  be  li^t.  Tbe  patintt 
sbnild  Bleep  ia  a  cod  room  and  for  not  too  long  a  time.  In  tbia  bubimw  tba- 
incnaard  ingactioa  of  tea  and  cof7ee  also  ia  useful,  actively  cttnnilatiDg  tbe  1 
neooi  circulation  and  tbeieby  tbe  disipation  of  beat.  (5)  Mild  taxativea.  audi  ■ 
acid  Cruita.  cider,  alkaline  carbonates  (Mohenbad.  Cailsbad, Vicby.  N'eumahr.  Er 
etc.),  bavc  a  favorable  influence  to  the  correction  of  obesity  by  increasing 
cvacuauoos  from  tbe  intcstinri  and  dimiatsbtnK  ataorpiion.  (6)  If.  in  tbe  eii 
cnce  vi  marked  depooitioB  of  fat.  there  a  altTAdy  dan},trr  vf  eafecblemciit  oc  I 
action  of  the  heart  an  attempt  chimld  hv  made,  with  (caution,  liv  mcanii  tA  ' 
crcaacd  mutnilar  activity  (mountain -climbing  and  the  Itkci,  to  stimulate 
heart  and  to  strengtben  its  muacnlature.  By  tbu  means  tbe  cirrulation  i&  iz 
and  meiabobsm  becomea  more  active,  so  that  reco\'ery  may  even  yei  be 
about  with  tbe  aid  of  a  sensifale  diet.  ^ 

Entirely  diSercnt  from  the  prtictsa  of  fattening,  which  conaista  in  the  def 
tion  of  larEC  droplets  of  fat  in  the  fat-cVUs  of  tbe  piuuiicvlus  and  about  tbe  viscemj 
as  wcU  as  in  the  tione-marrow  (bot  never  in  tbe  subcutaneous  connective  ti 
of  tbe  eyelids,  the  penis,  tbe  red  marKin  of  tbe  lips,  tbe  carv.  the  noae),  is  tbe  1 
ditioa  vt  /oJ/v  nirt^pity  or  /oUy  dtgervralioti,  which  occurs  in  the  form  of  fatt 
granules  tn  the  albunuiMua  tistuea,  for  example,  in  muscle -tihrTs  (of  the  beartj 
glandular  cells  (ttver,  Itidneys),  cantlage -cells,  lyrnph -corpuscles  and  pus-c 
ctes,  as  well  aa  in  divided  nerves.     If  this  process  increases  in  the  tissoes  to  1 
a  degree  that  the  albumin  is  as  a  remit  made  to  disappear  without  being  .  , 
restored,  tbe  fatty  atrophy  or  degeneration  is  marked.     It  is  observed  after  sell 
fevciM.  marked  (artificial)  beating  of  tbe  tissues.  dimiDislicd  absorption  of  1 
into  tbe  body  (as  has  bren  obamred  especially  after  pbospboma-poisoaing) ,' 
in  drunkards,  dTier  certain  forms  of  intoxication  (arsenic) ,  and  ia  cooncctioa  with 
disorden  of  circulation  and  inncrvatioa.    Finally,  some  organs  exhibit  fatty  dc- 
feneration  in  connection  with  special  diseases.     In  rare  cases  in  the  new-bora  the 
entire  body  may  rapidly  undergo  fatty  atrophy. 


THE  BCETABOLISM  OF  THE  TISSUES. 

All  tissues  require  for  iheir  normal  existence  and  lor  their  functional 
activity  the  process  of  metabolism.  The  chief  medium  for  this  is  the 
blood-current,  which,  acting  as  the  principal  traffic-carrier  in  the  metab-^ 
olic  procets.  conveys  the  materia!  forthe  restoration  of  thetissues and  re-1 
moves  the  products  ot  their  vital  activity.  Those  tissues  that,  like  the 
comea  and  cartilage,  possess  no  vessels  in  their  siracture.  must  receive  the 
nutritive  plasmatic  fluid  from  the  adjacent  capillaries  through  their 
cellular  elements,  which  thus  act  as  channels  for  the  conveyance  of  tl 
fluid.  Therefore,  inicrference  with  the  normal  circulation  in  tbe  tissuf 
as,  for  example,  throt;  '  triction  or  calcification  of  the  walls  of  t>\? 

vessels  and  the  Itfce,  ^--l  with  derangement  of  nulntion;    com- 

plete o-/  ihroaibosjs.  total  cumpressiort.  <jr 

artifidai  licrent  vessels,  is  followed  by  cttrt^jo 

destrucUoTi  ui  the  tusuc*.  which  »Mon  appears  in  the  form  of  ganj^reoe 
(necrostt) 
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Atrophy  multine  from  niluctiun  in  Uic  nomtol  supply  of  blood  gradually  dis- 
iippffirs  ill  ttif  (urtbtT  ci>uriK'  "(  lime. 

In  accordance  wilb  what  has  Iwen  statetl  a  double  current  can  be 
recoKnizeU  in  ihe  fluids  o(  the  tissues,  tlie  afferent  current,  which  brings 
the  materials  for  the  restoration  of  the  tissues,  and  the  efferent  current, 
which  removes  the  effete  products  of  metabolic  activity-  The  former 
will  convey  the  albuminates,  fats,  carbohydrates,  as  well  as  the  salts 
in  solution,  as  ihey  are  taken  up  by  the  organs  of  absorptinn,  for  the 
formation  of  the  tissues.  It  is  clear  that  obstruction  of  any  sort  in  the 
arterial  system  of  the  tissue  in  question  will  liiminish  this  supply.  The 
meiaboHsm  is  as  a  result  restricted,  tn  consequence  of  dehcienl  formative 
activity. 

Thii  currmt  con  W  rccoenixfd  fruni  l>>r  cin-umxtancc  thut  after  injection  uf 
A  rclativfly  indificrinit ,  nrudjly  di.iii(jiiBtral>K-  KuWtiiiK-v.  fur  mstoncv  polossium 
fcTTocyanio,  into  the  blood,  that  suhstancr  will  b«'  found  lU  the  blood  within  the 
tianies.  whither  it  has  hctn  ronv<n'ed  with  th«-  afferent  current. 

The  efferent  current  removes  the  products  of  metabolism,  particu- 
larly urea,  carbon  dioxid,  water  and  salts,  in  order  to  convey  these  with 
the  utmost  rapidity  to  the  excretor>'  organs. 

This  dirrrnt  can  lie  n;co^iw.Hl  (ram  the  circumiitiincv  thai  if  h  «"liihlc  tiub- 
Stnnce  lie  iniroiluced  into  tht  tissues  themselves,  rs  with  a  syringe  fnr  &u)>culan(ra>iu 
in3«T.rttr)n,  Uv  i^xample  pulatuimm  fcrrocyamd,  ihi»  will  bt-  (inir'l  in  iht-  urine  in 
the  coiinw  iif  a  tvvc  (fnjtn  two  to  five)  minutnt. 

If  the  efferent  current  from  the  tissues  is  so  strong  and  so  large  that 
the  excretory  organs  are  unable  to  eliminate  the  waste  matters  from  it, 
these  may  ajjain  wander  througli  the  tissues.  Such  a  condition  is  ob* 
served  after  subcutaneous  injection  of  considerable  doses  of  poisonous 
substances,  which  often  enter  the  blood  in  such  large  amount  that, 
before  they  can  tie  ehminated,  they  are  conveyed  to  other  tissues,  for 
example  the  ncr\'ous  systein.  upon  which  they  exert  their  effects  before 
any  considenble  degree  of  elimination  h,-is  taken  place.  1  f  large  amounts 
of  foreign  substances  arc  injected  they  may  even  be  temporarily  de- 
jKjsited  partly  in  other  tissues,  particularly  in  the  liver  and  the  bone- 
marrow.  As  the  afTerent  current  traverses  two  canal-syslems.  the  veins 
and  the  lymphatics,  it  in  clear  that  obstruction  of  the^e  paths  will  disturb 
the  metabolism  as  a  result  of  interference  with  the  normal  removal  of 
effete  matters.  On  tight  constriction  of  a  peripheral  portion  of  the 
body,  in  consequence  of  which  veins  and  lymphatics  are  compressed, 
stagnation  of  the  current  takes  place  to  so  marked  a  degree  that  even 
swelling  of  the  tisRues  may  result. 

In  the  jjuipagation  of  the  currents  in  the  tissues  the  activity  of  the 
muscles  is  of  great  imjjortance,  inasmuch  as  not  only  lio  they  favor  the 
movement  of  the  tJuid  in  the  vessels  by  jiressure  within  the  yielding 
tissues,  but  also  where  they  are  attached  to  the  periosteum,  the  peri- 
rliondrium  and  the  joints  they  cause  changes  in  the  form  of  the  inter- 
stices and  thereby  influence  the  movement  of  the  fluid  within  the  latter 
by  alternate  contraction  and  relaxation. 

it    N.-)sxc  /oiind   the  spcciiic  Hxavity  of  ibc  blood  in  the  jugular  vein  o  115 

in  a  tfiouju,,,!  hijjhcr  than  thai  of  the  blf>ofi  m  the  earoiid  «ner>-.  and  ContAin- 

'"*.  ?  V  part  more   hy  weight  in  1000  of  B:0ltds.     One  thousand  c'u-  ctn,  of  blood 

i't'^Ufil"  *^"^*^''^'"K  through  ihe  head  more  than  5  cu-  cm.  of  tntnicudnte  to  the 
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rill-  .uiiMtv  .'f  iiui.ilH'lism  ill  tlif  tissues  ami  .it  the  5.-inic  time  the  in- 
li'ii>'.i  V  111  I  111  v.iiMiii;  ouiTciiIs  ili'j'fiiJs  tii'Oii  iliviTSi-  factors: 

I  I  I'.'K  ilu  .i,.'.::.i  ,  ■  ;.!.■  nuns  thtuifihi:*.  The  incrvaseii  activity  of  an 
I'vi;-"'  '■'"  I  »'  111  .'ijiii 'ii!  ir.'iii  the  larger  aiiiottiii  of  I'Kx'd  contained  in  it  and  the 
iii,riMM-il  .uii\  :i\  oi  the  iiu-ulatii'ti.  which  in  turn  are  the  media  icr  the  metal- 
i>h>ii!  ll  .111  .'i-i;.ui  :s  Mil'vcteil  to  eoniplfte  inactivity,  for  example  a  paralyzed 
lll^l^.■;l.■  .'1  llir  ]'i-iii't;ciMl  cxtri'.ii'.iy  of  u  div.iied  nervf,  tlie  anii'imt  of  bK-od  and  its 
inii'ti.  h,iiii;i'  M'.'ii  d;ii\iii!sh  The  vTjj.inism  sends  lis  iluids  oiilv  to  active  tissues. 
Tin-  .i!!n  ud  imM  li.-.iiits  }i.i!i'  jiid  tl.uvni  and  :';ii:iily  undiri;.  rs  falTv  dcRenera- 
ti.'i!  I'.'v  >..ii!;i-  iTii.iiis  iv.iTcasid  nu'iabo'.isiii  in  as-sociiii K'I".  with  llieir  afiivity 
h.is  '.vi  V.  di  ■.rn'ii>;i.itid.  for  I x,i!i;''!f  thf  muscles  L.mp'.iy  and  Svwa'.l  have 
Ihi  !!  al-U-  to  observe  niicR'Mi-i'ic.i'.lv  ilie  mit.i! I'lism  in  thin  lobules  of 
i;'.. 111. is  diiv.Hf:  life  rhf  ce"s  botl;  of  the  serous  a;vl  of  the  muciu*  and  itftic 
j;'.,iiids  bi,-.Tv.e  T'"ed  ii".  tb.e  (st.ne  of  nst  with  c-  arse  jirannlis.  dark  in  trar.sr'.ittid 
.;"..!  mV.  :.■  ■.:■.  rei'.ivted  l!_i;b'..  «!:vb.  arc  o.  :^!-u:nni  dvir-.r.j;  -.he  iir-.^d  ,:  ae;:\-.:y. 
P'.:'."'.f.i;  >^i;-  :;i  whioV.  v.ik'S'.  I'f  "he  ori;.i;;s  .ire  .i".  ri>".  :"e;.iV.>':s:^:  :>  rt:s'.r:cted. 
I:  '.s  '.;'-Li'tt;>e  .^.•.•.•.•.r■.s^.^^'.  bv  darVr.css.  «h:le  ::  :#  s",::;v.;;..".id  ':  v  1;^;::  .  Vv::;;iSlv 
ti'.v.ujjb.  viT\ .  us  :n:'.v.tv.cts'  The  v.tr: a: ■.■■;•.?  :;■.  ti :  j'.  ;:-i:.tbi  '.■.<■'.'.:  w-i;  t-r 
vi:'lC'.i.:  "■-  '.Ve  vti;:::;'..i:'.,'n  I'f  e.ir':v~  i:;,"s:J.  av..'.  urt."..  whik'".  :r.  e- :l:.  nv.iTv  with 
'Aw  .w-.:\:'.v  >f  :hi-  ,r?;.:iV.:sm  vu'lds  .~.  cv.r^i  ;'".i:  is  ;,i-r!y  r.ir.i'.lil  ivi;h  ".ha-,  fer 
till-  d.ilv  %,.r;,.:  :.'.-*  ■■••.  v.  ^-.-.r..;-.  ;•.  ;  u'.sf  .;:■.;  :.::::  -.  r,,v,:r-. 

J  .\'.i.o  the  y.M.  .  ■  :  ;■.. , .:  h.is  ,i  .bs:-.;:,.-*  -.v:"v.;v,,'i  v.:  •:.  :':.<  .--.Lrr-.r.:?  ■-.  the 
l:»'.ies  o'.'.  which  ;he  '.■.u;a',i- ".-,>".■.■.  .'.tttr.U  .\  r.'.;r.'v  i,  :.•,•.': '.-.it.:.',  '.'..'.  ""t  :.c:tr.t 
".".  *x,i'*v  >'.:.■:'.  ,,^  :>  .'T  st ".'^ t  .",  .-•ttT  ;'T  !".:><  >".^ l-iT".'",^;  c^t'i.  ".".s  ,i:ArT:'.ta  Z  7  ix.i^.r-e 
!"  ..->->      I  .T'  '..v..     T"!  V .:.  rs  "iii*  ■-SSV.1S  -'."-      '^".'.t     ^' .  ^.'.  ir>t,'.      ".".:    \.i.^"\^  ur   IT-t^ 
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RBCENE  RATION. 

Hnd  metabduun  on  contraction  of  bloodltss  mtttclMt. 
apnea  arc  not  followed  by  mcreascd  oxidation. 
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Increased  respiration  and 


REGENERATIOR. 

Tlie  power  of  regenerating  parts  that  have  been  lost  varirs  widviy  in  diScrent 
organs  and  liKsuea.  [i  ia  much  more  mitrkrd  in  the  lower  aniinnts  than  in  warm- 
blooded animals.  Division  erf  the  frL-9b-wat<r  pobi)  {h)'dra]  is  folluwcd  by  the 
development  of  two  new  individuals.  An  entire  being  may  even  develop  from 
•very  excised  portion  of  the  trunk  of  the  body;  only  exceedingly  small  pieces  give 
rue  to  incomplete  reproduction.  No  animal  regenerates  portions  of  the  arm. 
Also  the  plnnnria  exhi»it  similar  powers  of  regeiierHtion .  hrucn  every  purlJooi  of 
the  umbrella  of  ecrtain  medus<i.-  (thaumBtitiaoe^) .  if  it  contain  only  a  fiortion  of 
the  murgin.  a  new  medusa  may  develop.  From  the  iiirface  of  a  piece  ol  the  trunk 
of  a  lurbellaria  dinvled  downwjird  a  pedal  exiTemtty  deveiciji!*,  frijin  the  upper 
surface  a  cephalic  extremity,  and  if  attached  homontalljf  ht-ud»  divcloji  at  both 
cxlrctnities.  Artiiicial  division  is  possible  also  in  rhizopods  and  infusoria. 
Divided  infusoria  rvxeiicratc  only  if  the  divided  iiortioti  contains  a  part  of  the 
nucleus.  Tran»ver«.-!v  divided  earthwwnns  (lumLriculus  variegntus)  regenerate 
entirely  to  whole  individ\iak.  The  dccupitAted  hciLd  has  kct^n  observed  to  re- 
geoente  live  timet.  In  starworms  the  excised  snout,  toeether  n-ith  the 
pharyngeal  ring  of  the  central  nervous  system,  regenerates.  Spiders  and  crabs 
rttgenerate  fuelers.  legs  and  claws;  snails,  parts  u(  the  head,  inclmling  feelera  and 
eyes,  providing  the  centra]  nervous  s>st cm  is  uninjured.  Some  fish  aixr  capable 
of  repWiog  repeatedly  destroyed  fins,  principally  the  caudal  (in.  Salamanders 
and  tizarda  exhibit  regeneration  of  the  entirely  lost  tail,  with  bones,  muKlca  and 
even  the  posterior  extremity  of  the  »pinal  cord.  In  young  frogs  amputated 
legs  regenerate,  but  only  when  the  bones  also  are  divided,  and  not  alter  cx- 
aniculution.  In  tritoiis  the  lower  jaw  regenerates.  In  order,  ho^vcver.  that  this 
regeneration  shall  take  place  a  stump  at  least  must  be  left.  Total  exlirpaiion 
of  the  parts  mentioned  destroys  the  power  of  regeneration. 

LoeD  designatea  as  hatftomorphosts  the  pbeoomeoon  that  occasionnlly  after 
injuries  supemutneraiy  parts  appear  that  otnerwise  du  not  belong  in  such  situa- 
tions. Thus,  for  example,  in  young  lizards  lateral  notching  of  the  tail  niiiy  ciiuse 
the  growth  of  a  second  tail  from  the  wound;  likewise  supernumerary  extremities 
develop  in  tailed  amphibia  after  amputation.  Planurta  injured  un  tlie  bead  cxliibit 
the  ertiwlh  of  a  second  head. 

In  amphibia  and  reptiles  the  regeneration  of  organs  and  tissues  follows,  on 
ibo  whole,  the  type  of  embryonal  development,  and  the  histological  processes  in 
the  groinng  caudal  extremity  and  in  regenerating  portions  of  the  body  of  earth- 
worms take  place  in  the  Kome  manner.  In  amphibia  and  reptiles  only  tissue  of 
the  same  kind  develops  from  intured  tissnc.  The  spinal  cord  regenerates  from 
the  epithelial  cells  of  the  central  canal.  In  the  process  of  tissue-formation  the 
leukocytes  assimic  ontv  the  function  of  nutrition  and  conveyance  of  material.  It 
is  a  remarkable  fact  that  tadpoles  develop  after  destruction  of  the  lirain  and  the 
medulla  and  functional  exclusion  of  the  ^nal  cord. 

riic  power  of  regeneration  is  much  nio<re  restricted  in  wann-bloodcd  animals 
and  in  man.  In  tbeae  also  it  is  ooiiiined  principally  to  early  life.  True  regenera- 
tion is  exhibited  by — 

I.  The  blood;  first  the  plasma,  then  the  whit«  and  finally  also  the  red  blood* 
corpuscles. 

9.  The  apidermai  structHrer  and  the  tpilheiium  of  the  mucous  membrane  re- 
senerate  by  cell-division  in  the  deepest  layers  after  pre%'ic>us  nuclear  division. 
After  direct  loss  they  regenerate  so  long  as  the  normal  matrix  upon  which  they 
grow  and  the  deepest  layer  of  cell- protoplasm  capable  of  development  is  not  aloe 
destruved,      In  the  latter  event,  rcpinerittjim  ceases  and  restoration  must  take 

filacc  from  the  margins  of  the  dcJiciency.  In  the  process  of  regeneration,  there- 
ore,  growth  takes  place  always  cither  from  the  deep  layers,  or,  after  their  de* 
rtruction,  from  the  margins.  There  develop  under  such  circumstances  prolo- 
plasmic  wandering  cells  that  in  part  become  detached  and  help  to  close  the 
deticiency.  and  in  part  the  deepest  lavcr  of  cells  develops  into  large,  multinu- 
cleated protoplasmic  cells,  which  multiply  by  division  into  polygonal  lUt  nu> 
cleaied  cells. 

The  nait  grows  from  tlie  posterior  (old  forward,  on  the  lingers  in  the  course 
of  from  four  to  Ave  months,  un  the  great  toe  in  about  twelve  months  (and  more 
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^ll>^vlv  ill  i-\iri-tiiiiif?i  willi  frju'iiin'.i  |ii>iii'sl.  Its  in;tinx  fxtonls  as  far  as  the 
Uiiuil.i.  .iiul  H->  l''t,il  i>r  iMiti.il  ilfslniiti.iii  i-;iusts  oo[Tr>i"'iu]itij;  Inss  I'f  ihi-  nail. 
rin'  I  u  ■"  ■-.  ■  .itv  i-li,iiij;nl  111  frv>iii  I'lir  Imtiilrril  U'  <itif  luinilrcii  ;iml  [iftv  ilavs.  tho 
iviii.iiiiiui;  li.uis  iivTi-  !.l<'wlv  !X'sini.-;ii'ii  I't  ilir  iMpilla  in  li  hair-foIlii.-li'  jirVvciils 
iV);i  lU'T.ilii'ii.  I'liHiiis;  .uvi  kr.iirs  tlii-  i:r>>wlli  i>f  tlii'  hair.  a!ihoui;h  cm  hair  i]<x-s 
iii'l  i;ii'"  li>;:i;iT  lli.iii  iniijil  haiv  At'li'f  .iH.tiiiiii,:;  a  I'lTlaiu  liHj;lh  the  li;iir  falls 
i>lil  rill-  li.iir  i;.\iv  j;i'''"s  at  its  tVii-  cxtri'iiiit v  Tlu-  t-r::i:,\:.!-  iV.V-  •,{  the 
imii'i'",!".  iii.ir.'T.iiVi-  -mil  ilii'  i;laiii'.s  .ippiMr  in  If  sii!>;ivioil  '.o  :i  ri-yular  cycU- 
in  \)w.:-  iii;;i..i;:.'i!  ,ii;.!  ill  thr  rfj;iiii  r.i:;  'n  .-f  m-H  cflls  In  tlif  innTTiniary  j:!an<l 
aiiil  l'.!.ivv.-i  :■!  t!;i-  •■il',uvi'',is  i;l,in.i>  iMrli.il  ilcs';iiaina;i.'i:  ■!  suTitiTV  ti!i>.  anii 
,iU.'  t\wr  rii^i'nif.iti.'n.  aiv  ^\i^lt■n;  l'l:i'  rij;i'nir.ii  ii  n  \i  >:  in!-.it../>\i  takis  ji^-u'e 
tliv.;:..;li  ,>.;'i'.i'.i,i;.''';.i^;-.  In  ..iM"-;  ;.  ■;.;;;:  'i:.-  ;ni' ft 'a  >■■-.!  i!f,<'i*.ianiat:in  ard 
iviLi  :'i  ■.Mii.'ti  I'f  I ; '.:';iIm;  ii  !!s  t.ikt'  -,>'.. n't  ■.■.;>.>n  the  ;i'.;:i-.".is  !;'.iml>rani':;.  ".■■L.v.hir 
wi'.V.  Vw  ,.■.■;..  .iv.iTVi-  >l  ir.!:;:!  iiTi:  .•fK-:'r';;:s  I'.iisli.v^  ti^;  :ti  l.iri;t  :v,:;:-:-,r  T:.i- 
.'i».'.i.,  •.   wl::i-li   ivjTi.  >i  ntii  an   :v.\  .L»;"'-.iti'i.i  i.:':.iir:v..il  s.ii"  th.it   !;,;^  ivo  ■:i'.'' 

ui.Uvi  v..Kv.;    !-i  ^i  ;•!  i.no  M,i  »'pnlu  !;,;!  -;r,;cmri.ji       1;>  :;■.,»;  r;^  :s  ',;:i  .iti^vr-.'-r  w.i" 

fc>.i>   Vrk'SCt't    IT"*.    \"\<   Mt'.T.>i!l    V,  .!    '.?5V    .^'^^ 

I'A'-^i    v^i"->.  r^'iit :~.*. r.i"'i  I'   ■.iT*i>  "  ..n."i     i"is 
.'.  ■  .\ '.".'. '\'\i..tV  T-.ATs  j::-.!  :  ..■.?■;;  t'".i  itit^rt- 

""*  ^.  :"i  r*fc':    :*.    '.*:".'*.■;'.  T.i'v,  >  ;  ,.-  '^    "".  '  ~i 
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lad  functiODAl  re^neraliofi  takcK  piM-p.  Kr>  that  V(>lufilar>'  nwvemenis  again 
—  VnulRir  olwcrvcd  in  frogs  and  Masiu>.  in  dwgs  (irsi  motilitj'.  then  scnsi- 
remm.  Rt-gcncratioii  of  the  spinal  ganfflia  did  not  lake  place.  According 
to  Stnicbc  a  formaiion  of  ftlK-rs  u»Wli<  jiliu-c  in  it  small,  hiniud  area  at  ihc  site 
i)f  injury  to  the-  spiiinl  conl  wf  ihf  mbbit,  but  not  complete  rtsi^ntnititm  of  ih< 
actual  Kpinal  tissue. 

6  fii  sonw-  gliindi  th<-  f<a<^ncratit;ii  vi  their  wHs  durinj!  normal  activity  is 
exce*dinRly  juriive.  for  examplo  the  sehncecoii  glimd.t.  th*  mucoug  follicles  of  the 
ceomach,  tht^  |i{lAml!i  nf  LirlM-rkuhn.  thr  utcnnc  glaiuls',  the  inummary  glands 
during  pregnancy;*  in  nthcrs  rrycin-raticn  is  kss  active  The  rtmnvsl  of  consider, 
able  portions  of  vahoun  glands  is  not  followed,  as  a  rule,  by  regeneralion.  whi!* 
afttr  injiir\'  u(  tc'x'^'l^  re([i-iK'ration  of  the  affected  piirit  don  not  lake  place  if 
nuppuraiitin  (icciini,  Rcgenrnitidn  of  ihv  biliary  passaRes.  th«  hilc-duct.  and  of 
the  pancreatic  duct,  is  rcraarWabIc,  After  injur)-  of  the  liver  Tiizuni  and  Colluci. 
as  well  as  Urilfini.  oljscr\fd  Lhi;  rentncratitm  nf  livt-r-cvlla  and  biliary  paseascB 
even  l>«yo7td  the  normal  limit*  <■(  the  liver  Piscnti  rtports  similar  obsn-rA'alions 
upon   till-  kidnry. 

After  mi(in,''lo  the  liver  Podwisotzkv  of-servcd  the  deficicrcy  diaappcnr  com- 
pletely thr^mgh  partial  tnultiplicutiftn  o(  th*  liver-cells  and  parli'al  hyperplasia  of 
the  epithelial  culU  of  the  biliiiry  piix^uKet.  whii'h  an-  likeniM'  (ranhfoniK-d  nito  true 
Uver-tiMU**  (rew-inbling  the  enibVj-onal  development  of  tlir  liver)  Pontick  exlir- 
palrd  even  three-quarters  o(  ilie  hvcr,  and  rcKnteral  ion  set  in  within  a  few  days 
after  the  oiieration  and  was  comjtlcte  in  the  coiirsf  of  a  ft'"'  wi-cks. 

Acconiing  to  I'hilitipcnux  and  GriiTini  regetieratinn  may  lake  ptao-  aftcrpartial 
removal  of  the  iptccn.  ^iccufding  to  Laudrnbach.  in  the  do^,  cvvn  after  almost 
completv  rtjii'jval.  AfU*r  iticvhanical  injury  to  the  in.xix;tory  tclU  of  curluin  clandt 
(livur.  kidn^-v,  subvarv-.  mammary,  MtilK^miBn)  hyperplasia  and  divi»i(n  of  adja- 
ct-nt  cdU  tal«?  plaee  for  tlii"  piirpfisi"  of  rcgonfrniion  The  nipple  of  whieh  half 
has  bcon  extirpated  undergoes  regeneration. 

7.  Of  the  connective  tissues,  ciiriiliigr.  providing  Jls  perichomdrium  rrmains 
intact.  Hppe^rK  to  rc^eneralc  by  division  of  tne  carlilai^-ccIlK,  although,  prohshly, 
loss  of  tissue  i«  most  frc<iiii-ntly  replaced  by  connective  li»ur. 

A  After  incfscii  ivtnimlN  nf  Un.K'iti  rnmitm  ttikcs  placer  thr<nit;h  rhe  a;?rncy  of 
(he  lendnn-ccUs  lhrmN«-Iv(.<i  Thcsi:  miilii|ily  contidrrnbly  by  vuilirirj;  tlic  matrix 
lor  the  formation  of  cclU  and  by  miloiic  divihion  of  the  latter.  If  tbc  extrem- 
ities of  the  divided  tcndfrti  art-  widely  M-p.iralcU,  LTiuiulnlion-liiniuf  fonns  (or 
tbe  development  of  a  cicatrix,  ns  a  result  of  markccl  reaction  in  the  surroundinit 
connective -tissue  tendon-sheath. 

9,  The  regeneration  of  h'n/ is  remarkabl*.  If  th*  artictdarextTpmity.  toeethcr 
with  the  adjacent  portion  of  the  bone,  be  resected,  it  may  be  regenerated,  nitnough 
an  ai)]:n'ciabli?  i.h(iitt'niiiv  ri-).ult«,  I'iri'i-«  of  lioni-  ihiit  have  bern  lirnkt-n  or  sawed 
off  reunite  if  n-plsccd,  likewise  twth  thai  have  Xiccn  rcmovi  d  and  replaced  in 
the  alveolus.  An  isolated  piece  uf  periosteum,  even  if  transiilantL-d  to  another 
lione.  pvcH  rise  to  a  picix-  of  lK)ne  of  corn-sjiondini;  rthv.  Defccls  in  bciiie  arc 
readily  tilied  by  bony  tissue  if  the  periosteum  he  pn-served,  For  this  reason  tli« 
surgeon  in  resecting  di£(.ased  bones  carefully  prc»cr\-es  the  periosteum,  in  the  hope 
lliat  the  bone  will  rcueiicrali-  Iix>ni  il.  The  m<.'duUa  of  bon«  may  also  t^j;tnerate, 
The  mtt-mal  mt^dullarj-  memhrant  is  capable-,  if  transplanted,  of  producmg  bony 
titsuo  in  Hiinll  nminiiiT  from  the  oateoblnsls  pn-w-nl. 

If  a  bone,  for  example  a  long  bone,  ba*  l*tn  fractured,  a  circular  thickened 
deposit,  at  lirst  of  rather  gelalinous.  \ascular  smd  cellular,  later  of  firmer  car- 
tilagimm.-i,  chanitter.  fonns  from  ihf  prri<i»tr(im  upon  ilie  t-xtem;il  surface  at  the 
site  of  fracture— the  cxUnial  i.aUuf.  .\  similar  proci-ss  takes  place  ni  the  same 
tinic  within  the  medullary  cavity,  which  is  thi-n-by  diminished  in  siac— iHfcrwa/ 
callui.  Tlii-M-  fonnstiims  arc  due  to  cell-multiplication,  iti  {tart  from  the  perios- 
teum, in  part  from  the  medulla  and  the  bonc-tissuc  itself.  The  callus  Rt-ncrally 
resembles  tisnuc.  and  is  often  carlilngin"us. 

In  the  extcTT^al  and  internal  callus  calcitJcatior  of  the  earltlage  later  takc« 

place,  a*  well  as  the  deposition  of  ossi-ous  lamcll.-*'.  which,  acting  a:*  rings,  tix  the 

iraetured  extremities      Later  (up  to  the  fortietli  day}   a  thin  l:iy*r  <if  the  «ame 

material  forms  between  the  fractured  extrtTnilies,  and  this  subBi-iniintly  under- 

icocs  osiiifiealion     iHtcniitdiaU-  calius.     With  the  final  solidilicaiion  of  the  latter, 

I  the  bony  mjiiter  of  the  external  ami  iniemril  caltuti  graditally  di-sapirturs      Ex- 

ktcipally,  the  swelltne  disappears,  internally  the  medullary  eanid  bcci>mes  again  of 

[uniform    siic  and  tnc   intermediate  callus  eventually  acquires  the  same  archi- 

.  lecture  ns  the  adjacent  portions,      Bone- f  rat  lures  toward  which  the  coyii*c  of  the 
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nutritive  \'c«c!lfl  of  the  bone  is  directed  are  said  to  heal  TcUtiYely  more  reulilv 
and  oi^irc  rapidly. 

With  n;fvrcnc«  to  the  Krovrth  and  the  mctabdism  o(  bones  a  number  of  in- 
teresting  obMrv-atiotis  mny  U.' rr-cordcd:  (i)  Exceodinsly  siaaU  aaavunts  of  pbo»* 
p^rus  or  arwnoii*  nriii,  added  to  tho-  food,  c»u«e  marked  thickening  of  the  bones. 
This  sppean  to  be  duo  to  ifci?  fact  thtt  the  portions  of  bone  thnt  undergo  atotorp- 
lion  in  the  (irocess  ot  mirniiil  growth — for  example,  the  trails  of  the  medullary 
cavity — are  not  .il«<iriK^.  but  persist,  vhile  new  growth  continues  to  take  place. 
Small  doses  of  phosphorus  arc  emplovcd  for  the  comclion  of  rachitic  aoftenmg 
of  botte.  In  casts  of  osteomalacia  Setimann  found  an  increased  elimination  oi 
phosphoric  aciil  n-ith  the  urine,  (i)  Complete  exclusion  of  lime  from  the  food 
docft  not  impair  the  erowth  of  the  bones,  but  makes  them  ihincer.  all  parts,  even 
the  organic  matrix  oF  the  bone.  undergoinK  uniform  atrophy.  (,0  The  ingestion 
of  madder  <rubia  imcloruml  makes  the  lioncs  red.  the  pigment' feeing  deposited 
in  the  oeseouK  tiBJiu<^  together  with  the  caleium -salts.  In  birds  the  eg^-sKell  likc- 
wi«;  is  ^uinril.  (4)  Long-continued  administration  of  lactic  acid  has  a  solvent 
influi^nce  upcin  the  osseous  tissue.  The  anhy  constituents  of  the  bones  are  dimin- 
ished. The  chanffCK  in  cht?  bones  iii  youth  t'lidiiced  by  the  withdrawal  of  calcium- 
salts  are  increased  by  administniiioTi  of  lactic  acid.  The  bones  resemble  rachitic 
bones.  Ostomalacia  in  women  can  be  relieved  by  castration.  (O  Anificial 
hypofiiaiic  hyperemia  is  capable  of  increasing  the  growth  of  bone.  The  norxnal 
growth  o(  bone  is  cunndered  in  connection  with  its  embrj'ologicol  development. 

At  all  portions  of  the  body  where  considerable  amounts  of  tiseuv  bav«  been 
lost,  with  ec-condary  inHainmation,  such  di<(ects  heal  by  the  formation  of  a  cicatrix 
of  the  structure  of  connccti%'c  tissue  that  tills  the  defect. 

After  i]ijury  10  nennanent  cnnnrotive  tissue  there  occurs  in  the  course  of 
three  hours  an  abuna:int  multiplication  of  the  nuclei,  which  are  derived  from  the 
matrix,  followed  by  the  formation  of  cells  (awakened  slumberinK  ctUs).  while  the 
fixed  connective- tissue  corpuscles  iinderito  tne:reaj*e  in  si/e.  After  the  formation 
of  the  previously  slumberir^  crll^  from  clastic  and  gelatinous  fibcnt  has  cuntimicd 
for  one  or  two  da^'s.  mitoiic  divi&ion  is  observed  particularly  carl^  in  the  cells 
of  Ihc  adjacent  capillaries,  then  also  in  the  lisaue-cclfs  tliumsvlvcs.  This  often  per- 
sists for  inorv  than  eight  days.  The  spindlc-ccUs  form  hlood-vcsael*.  which  bodge 
over  the  woiind-dof«M,  ana  soi>n  also  bundles  of  hben;.  that  is.  a  young  cicatrix. 
The  larger  th/>  number  of  cells  that  become  libers,  the  firmer  becomes  the  eicatrix; 
the  vessels  utniptiy  and  the  old  cicatrix  is  firm  and  delicient  in  vessels. 

The  formjitivf  proecss  doscribnl  occurs  in  alt  situations  where  lost  tissue 
is  nrplaced  by  connective  tissue.  On  the  free  surface  of  the  bodv  the  newly 
formed  vascular  tissue  not  rarely  grows  (from  wounds  and  ulcers)  above  the 
adjacent  levi-1 — proud  fleah  This  sixjn  returns,  hoivevcr.  10  the  normal  level  (after 
the  application  of  astringents  to  the  vessels),  becominu  pale.  and.  linallv,  after  a 
protecting  layer  of  epidermal  celb  has  developed  upon  the  free  surface,  forms  the 
eicattit. 

If  the  continuity  of  a  tissue  has  been  severed  by  a  «'oimd,  as.  for  example, 
on  incision,  the  divided  surfaces  may.  ufti^r  rureful  apposition,  unite  directly, 
without  inflammation — union  by  primary-  inicntiHn.  'Ilie  surf  aces  are  at  hrst  held 
together  by  blood'plasma,  ana  later  uh  direct  union  of  the  paru  takes  place. 
Divided  blood-vessels,  however,  never  reuniteio  form  a  blood-ch.inncl.  Tbe  cut 
surfiices  of  nerves  often  unite  directly,  but  direct  physiolopcal  rrstoratioD  docs 
not  take  place  Wlicrcver  direct  union  docs  not  take  jjlace.  cicatricial  connective 
tissue  funns  in  the  sequence  of  inflammation  and  suppuralion^union  by  secondary 
intention. 


TRAKSPLAHTATION  AND  ADHESION. 

Parts  of  the  body,  such  as  the  nfisc.  tlie  ears,  and  even  the  fingers,  if  levered 
by  means  of  a  sharp  and  clean -cutting  surfnre.  may  unite,  even  after  the  lajisc 
<a  hours,  an  evidence  that  the  life  of  severed  iis.surs  m»y  i^rsist  for  a  time  As 
a  matter  of  fact,  some  tissues  dcUiflied  from  the  body  may  continue  to  live  for 
n  eonsidernlile  lime,  tot  example  leukocytes  for  tbrvc  weeks,  ciliated  epithelium 
for  eighteen  d;ivs. 

T)ie  transr'lanfalirin  of  flaps  of  skin  is  often  practised  by  surgeons  to  effect 
1,1  The  flsp  of  skin  intended  for  transplantation,  and 

.  .-nt   lis*"!',  is  penmttcd  to  remain  for  a  time  attached 
'  by  incaiu  ui  a  pc-Jick  m  its  original  position,  and  its  margins  are  uiiite<l  accurately 
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by  suture  to  th<  frcebcncil  nmrgins  of  the  deficiency,  the  pedicle  hemg  divided 
only  after  the  approximated  margina  have  uninii  firmly.  In  this  way,  »  new 
cutaneous  covering  for  th«  nose  can  be  forra«d  from  the' skin  of  the  back  fpotn 
another  penon,  or  tram  the  skin  of  the  patieni's  own  arm.  iir  (mm  the  skin  of 
Che  forehead.  It  is  possible  also  to  Iransiilant  cwn  large,  entirrly  detached  llajis 
of  skin,  without  a  pedicle,  even  after  they  have  been  preservecl  for  fifty  hours 
in  Q.tt  per  cent.  xodium-chloHd  iiolulion  at  room-icmperaiure. 

To  foim  a  cutaneous  covering  for  larco  grarulating  (prc%-iouBly  carefully 
cleansed)  ulcerous  surfaces  Reverdui  and  "niiersch  apply  under  pressure  numcr- 
oua  rapidly  detached  bits  of  cutia  the  siao  of  bcana  upoa  the  granulations,  or 
after  removal  of  the  latter  upon  the  freshened  wound-surface,  where  they  Ixcome 
adherent.  From  the  marging  of  thc^e  fragments  newly  formed  Ia)'crs  of  opidermii 
extend  over  the  entire  surface  of  the  ulcer.  Enacrlin  was  able  to  *;inplov 
successfully  such  fragmonts  after  preservation  for  four  days  moistened  witn 
physiologieiU  kalt  soluiion.  The  excised  suur  of  the  cock  can  be  made  to  grow 
upon  the  comb.  Rert  tr;in«plaiiied  the  denuded  tails  iind  feet  of  nits  beneath 
the  skin  of  the  bock  of  other  rats.  The  transplanted  parts  became  adherent  and 
formed  vascular  communications  with  adjacent  tiosues,  and  even  their  bony  parts 
iocrcL-ied  in  sisaj.     ParU  (?xn.*«"i  ux  long  as  three  days  previously  exhibited  aiinilar 

fihcnomcna.  Detached  portions  of  periosteum  transpt.-mtcd  to  other  situations 
ikowitic  heal  in  plao  and  even  develop  bone.  Extracted  teeth  may  be  replaced 
and  ev*n  in  a  second  person,  v.  Hippe!  transplanted  successfully  a  pi««  of  a 
rabbit's  cornea  4  rara.  square  in  a  Ai-iect  in  a  numan  eye,  the  clear  membrane 
of  DcBccmci  being  preserved  as  a  foundauon.  but  the  tnui^lantcd  structure  sub- 
sequently became  turbid.    Also  blood  and  lymph  can  be  transfused. 

All  of  the  traiuplaatatinnit  mentioned  succeed  almost  «olcly  between 
individuals  of  the  same  species.  Most  tt.tsues,  however,  arc  not  susceptible  of 
trEinsplaniation,  for  example  muscles,  nerves,  elands  and  organs  of  special  sense. 
In  the  lower  animals,  even  cniirc  parts  can  Be  transplanted;  for  example  Vno 
pieces  of  different  carthwunns  may  unite,  and  also  of  hydra. 

The  union  of  two  hiffht-r  ammat*  (rats  and  others)  was  successfully  elTecled 
first  by  Bert  in  1S61,  who  divided  the  skin  of  Ihc  trunk  nnd  united  the  mnrpns 
of  the  wounds  in  the  respective  animals  by  suture.  Union  had  taken  place  in 
Che  course  of  live  diijii.  When  atropin  was  administered  to  one  of  the  aiumals 
tht  pupils  of  l>oth  dilated.  Post-mortem  injection  demonstrated  the  exist- 
ence of  anastomoses  between  the  vessels  of  both.  Thai  such  union  may  take 
place  also  in  man  is  shown  by  the  exjieriments  related  on  p.  454.  The  procedure 
ini];ht  be  of  therapeutic  signifiraTicc.  as  the  possibility  docs  not  appear  excluded 
that  the  union  ot  the  skin,  for  example  along  the  extensor  aspect  of^thc  two  fore- 
amis,  tuicht  result  in  an  influence  ul  the  one  individual  upon  the  other,  whether 
to  the  end  of  convej-injr  nutntive  juicei,  or  for  the  removal  of  certain  substances 
from  the  body  of  the  one  [as  for  example  in  case  of  insuflicicncy  on  the  part  of 
certain  excretory  organs) ,  or  for  tho  transmission  of  antitoxins  and  the  like. 


IHCREASE    IN    SIZE    AND    IH   WEIGHT    IN    THE    PROCESS    OF 

GROWTH. 

la  the  first  penod  after  birth  the  Ungth  of  th<  body,  which  on  the  average 

is  y-  of  that  of  an  adult,  exhibits  the  most  rapid  increase;  in  the  first  year  about 

ao  crn..  in  the  second  to  cm,  more,  in  the  third  about  7  em,;  from  the  Hfth  to 
the  sixteenth  year  llic  annual  increase  (about  <4  cm,)  is  pretty  much  the  same. 
From  the  twentieth  year  on.  only  slight  t^ivwtli  takes  place.  From  the  fiftieth 
year  on,  the  size  <if  the  body  diminishes,  principally  in  conscfiuentc  of  attenuation 
of  the  intervertebral  discs.  The  reduction  may  reach  6  or  7  cm.  up  to  the  eightieth 
ycsr. 

Tli«  wiglit  of  thg  body  (about  ^',  of  that  of  the  adult)  diminishes  constantly 
in  the  rint  live  days  or  week  after  Inrth  in  consequence  of  evacuation  of  meeonium 
and  of  the  small  amount  of  food  taken  st  lirst.  together  Mith  increased  functional 
activity  (generation  of  heat,  respiration,  digestive  activity),  as  a  result  of  which 
che  matabolic  products  arc  conaidcrably  augmented.  Not  tieforc  the  tmith  day 
docs  the  weight  of  the  child  asain  equal  that  of  the  newborn.  Later  on.  the 
increase  in  weight  exceeds  that  of  the  increase  in  IcDKtli  of  the  body  during  corre- 
sponding periods,  in  the  !ir4t  vc4ir  the  weight  is  tn-bled.  In  man,  the  maximum 
is  reached  at  about  che  fortieth  year.    At  about  the  sixtieth  year  reduction  in 
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On  the  wholff,  a  man  weighing  70  kilogrnrrw  consists  o(  thirteen  clementar}- 
Subetanet-e,  tiAmcly,  44  lologrflms  of  oxygMi,  7  1<itogram»  of  hydrng**".  17a  Itilo- 
grams  of  mtfugeni  08  kilogram  of  chlorin,  o.  t  Icilc^ram  of  fliionn,  a  Uiiognn\& 
of  carbtm.  800  gramti  »f  jihusphorux.  i»d  ^ams  of  siuphur.  1750  gninji  af  cak-ium. 
80  grams  of  potasstum.  ;n  grants  of  sodium.  50  gmms  of  mA^fsiiim.  ^;  ij^rams 
of  iron. 

ORGANIC  CONSTITUEITTS. 

THE  PROTEID   BODIES   OR   PROTEIN-SUBSTANCES. 

THE  TRDE  ALBUMIHOUS  BODIES. 

Tbc  nl1)Utninaiis  nr  protcid  boclit-s.  cimststin}:  of  C,  II.  N'.  0  and  S,  ttrt-  the 
fundamental  and  pnnctpal  constituents  of  the  animal  body,  to  whicli  tlu'v  arc 
suppltv'd  IhruuKh  vvKctuVlv  food  They  are  prcsont  in  uUiiost  all  animal  and 
vcectablc  Auidi;  and  tistuea,  partly  in  liquid  form,  partly  in  more  conitiitent,  it-mi- 
sond  form  as  constituents  n(  tho  itREueu  'llicir  chemical  conxlilnlinn  it  unlcnown; 
their  (wncc-ntagc-composilion  is  dtscrilicd  on  p  36.  The  nitrogt-n  is  combined  in 
them  m  two  different  ways,  in  pan  luoseiv.  in  which  form  it  can  l>e  wpaialed  on 
treatment  with  dilute  luil  potii.sjtiuni  byi/ruxid,  with  the  formation  nf  ^tinniiniia, 
and  in  part  firmly  According  to  Plhi^vr  a  iwrlinn  <if  the  nitrogen  o(  the  living 
protcid  portions  o(  the  body  is  combmcd  in  the  form  of  cyanogtm.  Also  the 
sulphur  111  lIic  {irotcid  mulccuk-  is  ^.-ombincd  in  part  lirmly,  in  part  li>uiiely.  Th« 
loosely  comL^ncd  sulphur  ean  be  nfilit  off  by  hot  putas^um  hydroKid  af  iintasnium 
sulphi'd.  With  lead  nci-lnt*'  it  forms  k»d  sulpbid  The  hrmly  commnrd  sul- 
phur can  be  prepared  only  after  drstrviction  n£  the  alSiimin  In  scnim-alhumin 
the  proportion  of  the  lootwly  to  the  lirmlv  combined  sulphur  is  as  3  to  i 

The  proieid  molecule  i*  exceedingly  larij;i'.  and  ik  iinibably  eiminlex.  A 
amall  portion  of  it  l»eliinj;s  to  the  Btnip  of  aromatic  substances  (which  appear 
especially  in  connection  with  puirefaction) :  the  larger  portion  of  the  molecule 
to  the  »erict>  of  fatty  lHidit)i  (m  the  oxidation  of  prtiieicU.  futty  acidn  es]it.x;iHlly 
develop).  Also  carlwhydmtcs  may  npurar  an  decomposition -products,  not 
being  entirety  vtanling  in  any  form  of  albumin  studied  by  Ki-ukenbcrj;.  The 
dccompositiunn  in  the  process  of  difjcati-uu  that  are  of  physiological  interest  are 
diftcuiMed  on  p.  jo^.  those  occunrmg  in  the  [mtrefnctive  proce!iiii--s  on  p.  J33. 

The  protcida  form  a  large  group  of  related  tubstflnccs,  which  jKrhaps  represent 
only  modifications  of  the  same  body.  If  it  be  borne  m  mind  that  the  infant  pre- 
pnreii  from  the  easA-in  of  null;  the  miijoriiy  of  all  the  prototds  of  its;  own  liody 
this  last  view  will  he  cliytr  The  proteids  are  generally  soluble  in  water  or  dilute 
sall-aolutionH,  but  with  the  excrption  of  the  p«-ptones.  are  incapable  of  didusing 
through  niembraneion  account  <>t  the  large  siite  ul  their  molecule.  They  are  in- 
soluhfu  in  alcohol  or  ether.  They  arc  in  general  not  i^rysialliKnblc,  w  that  they 
can  be  prepared  in  a  otirc  state  'miy  vith  ditlicuhy.     They  rotate  the  plane  of 

?}lariEed  light  to  the  left  and  in  the  flame  they  yield  the  odor  of  burned  horn, 
hey  are  transformed  into  a  solid  modificition,  that  is  coagulated,  by  heat  and 
the  long-eon  tinned  action  of  alcohol,  and  aje  then  innoluhle  in  neutral  «ol- 
venlK,  Coagulated  albumin  is  soluble  nrly  (i)  in  dilute  alkalies,  alkali-alluiminatc 
resulting,  having  lost  a  portion  of  nitrogen  and  sulphur:  ('1  in  dilute  mineral  or 
strong  organic  acids,  acid-albumin  (synionin)  develoijing:  and  (j)  by  the  process 
of  dige-ition,  albumosies  and  [ietitiiiii-«  iK'niv  formed.  By  neutral ixatiim  i)[  aikali- 
•Ibuminale  and  acid-albuminntc,  these  siilistnnces  are  rrnderrd  insoluble.  As  a 
result  of  long-coniinvicd  boiling  with  dilute  mineral  acids  or  alkalies,  a*  well  aa 
of  the  action  ••I  steam  under  high  tciiBtun,  the  proteids  take  up  water  and  break 
up  into  ami'l'.i-a'CKls.  with  thi--  formation  of  ammonia  and  hydrogen  sulj>hid:  on 
boiling  with  alkalice.  Ephlting  ntf  nlao  earlton  dioxid,  oxalic  acid  and  aeetic  acid, 

Ct'tar-rfactwrn:  (e)  Coagulated  and  heated  with  nitric  aeid  proteids  arc  Stained 
yellow  ^xanthoproteic  acid.  Supersaturmion  with  ammonia  makes  the  color 
orange.  (a)  If  heated  above  60"  with  Millon's  reagrnt  (mercuric  nitrate  with 
nitrous  acid)  a  red  color  results,  (.j)  Boik'd  with  potassium  hydroxid,  then' 
cooled  and  copper  sulphate  added,  proleids  become  dt'cp  viulct-bKie.  (4.I  Concen- 
trated hydnichkiric  acid  (pure)  ilisM>U'vit  them  on  boiling  nnil  prnducen  a  violet 
tolor,  (O  Solid  proteid.t  arc  made  blue  by  sulphunc  acid  containing  molybdic 
acid,  (6)  l"he  solution  of  thoroughly  desiccated  albumin  in  glacial  iieeiic  acid  is 
made  violet  by  concentrated  sijphurie  aeid  and  exliibits  tbc  absorption -band  uf 
hydro  bilirubin.     <7J  lodtn  may  i>c  employed  as  a  microwopic  reagent,  stunlng 
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gelatinous  and  again  fluid  whan  hratcd.     The  syntonin  from  inuKla  is  an  acid- 
albuminate.     It  is  converted  into  myosin  by  inilk  of  time  and  amnonhun  cUorid. 

The  sccood  group  comprii>«s  the  complex  albuminous  Ixidies.  These  are  pro* 
tcins  combined  wiLh  bodies  of  complex  composition  <md  they  are  also  designated 
proieids.  They  arc  precipitated  by  alcohol,  which  coaculatcs  them  after  long- 
conlinucd  action.  Heat  docs  not  cauac  cuaeul^tion.  They  are  ];cncrallv  pre- 
cipitated from  their  soluttonx  by  slizht  acidulBtton,  T}iey  »re  Tuttlily  soluble  in 
dilute  alkalies.     The  second  group  compn>C4: 

Chromoprotcids,  that  ia  combiaaLioas  of  protein  with  pigment.  These  in* 
ehid«: 

fiemogli^n.  whose  combinatiorui  and  derivatives  are  described  on  jip.  5S-A,l. 

Oljcoprataids,  that  is  combinations  of  protein  with  carbohydrates.  Th(«e 
include: 

Mttcin.  probably  prcaeat  in  variooi  alightly  different  modiricationa.  It  is 
richer  in  oxygen,  Iwit  poorer  in  nitrogen  and  c.irl»on.  thnn  altrumtn.  free  from 
phosphorus,  and  oontainn  up  to  i.;q  per  cent,  of  sulphur  and  up  to  13,5  per 
cent,  of  nitrogen.  It  is  liquefied  in  water  into  a  ropy  mucous  mass,  but  it  is 
inaoluble  in  water.  On  addition  of  alkali  it  is  converted  into  a  neutral  ropy 
•olutton.  It  smrvta  as  a  protectinf;  «uh«tnnce  againtt  the  entrance  of  injurious 
agent*.  It  is  pnvipitatcd  by  a  smnll  amount  of  acetic  acid  and  is  rcdissolved  by 
a  largor  amount  of  the  same  acid.  It  is  precipitated  also  by  alcohol,  the  resulting 
precipitate  being  soluble  in  water.  Acetic  acid  and  potassium  (errocyanid  cause  no 
)>rccipit:ilion.  although  nitric  iicid  and  Other  mini^ral  acids  do.  Miidn  >-idds  all 
the  color- react  ions  of  the  albuminous  bodies.  It  is  present  in  saliva,  bile,  the 
mucous  Klands.  tlic  scerctiona  from  mucous  membranes,  in  "mucous"  tissue 
And  in  UiQ  tendunii.  In  addition  it  i»  occa-tioiially  found  piLlhologicaUy  in 
CTsta  (in  the  lowt^r  iinimulti,  especially  in  snails  and  in  the  »kin  of  holothuriani). 
On  boiling  with  water  or  on  sta^ndingm  alc«>hc>l  it  is  transformed  into  coftgulatcd 
albumin.  Alkalios  and  lime-water  transform  it  into  a Ikah -album mate,  acida  into 
acid-albununate.  On  deeompoation  it  yields  leucin  and  7  per  cent,  of  tyrosin. 
The  iniicint  r<^arl  like  glucosids.  At  high  tcmprratures  they  break  up  under  the 
influence  of  dilute  mineral  adds  into  a  proteid  snda  carbohydrate,  namely,  animal 
gum. 

Peptone  an<\  propeptone  arc  discussed  on  p.  3q»:  their  demonstr&tion  in  the 
urine  on  p.  a'}^  I'epionc  is  foimd  also  in  dr>-  lupins,  in  oats,  etc.,  and  leas  in 
>;>.-riiiinal.inK  M.-cd.  'liieru  may  yet  be  incntione<l  prauic  acid,  precipitated  from 
the  mcat'jutcc  of  animals  (fish)  by  Limpncht  with  the  aid  of  adds;  and 
finally  amylcid.  eocouotcrcd  partly  in  the  form  of  laminated  granules  on  the  brain 
and  in  the  prostate  gland,  partly  (put holo|{ic ally)  a»  a  ((listening  infiltration  of  the 
liver,  spleen,  kidneys,  coats  of  the  veuteU,  and  reco^izahle  from  the  blue  dis- 
coloration on  addition  of  iodin  and  milphuric  acid  (Tike  cellulose),  and  the  red 
discoloration  on  adding  iodin.  It  can  with  difficulty  be  converted  into  albuminate 
by  alkalies  and  acids. 


APPENDIX  :  VEGETABLE  PR0TEID5. 

Plants  contain,  although  in  disiincily  smoUer  amount  than  animals,  proteids 
of  various  kinds.  These  occur  eitlier  in  liquid  (swollen)  form,  particularly  in  the 
juices  of  living  pInnT!i.  nr  in  siilid  form  They  resemble  the  oiiimal  albuminates 
in  compnsition  and  rcaclion.     There  are  distinguished: 

I.  The  vegetable  albumins. 

II.  The  veectalilc  globuUns.  Of  thr  ^IcibuJins  forming  cryatala  or  spheroids 
that  were  f'.ynnt-rly  smupcd  together  under  the  names  eonglttlin  and  vilellin, 
together  with  UguriiiH,  the  following  may  be  mentioned:  Edistin  in  grain,  amanditt 
in  almonds,  oitylin  in  nuts.  nc*tstn  in  the  Para  nut,  ax'^nalin  in  oats,  ^tmglulin 
In  lupins.  11ie  globuHnii  include  as  a  decom  position -product  glutin.  an  important 
eonstittxmt  (if  whi-at.  whose  glutinous  property  maiccs  it  possible  to  convert  a 
mixture  of  tlour  and  water  into  a  coherent  dough.  Gluten  can  he  obtained  from 
wheat-Hour,  which  may  contain  as  mudi  as  i;  per  cent.,  by  washing  the  dough 
repeatedly  with  water.  Thus  ptrpared.  it  in  viwid.  cray,  in»ohihle  in  water  and 
ulcohol,  Holublc  in  dilute  acids  (for  example  i  in  rooo  parts  of  hydrochloric  acid) 
uad  in  alkalies.  Gluten  results  from  a  myu»n-likc  globulin-substance,  which  is 
transformed  by  a  ferment  m  the  presence  of  water  into  gluten. 

III.  The  BuelriaSf  which  coranriiie  a  ijiecia]  group  of  readily  decomposed 
complex  proieids,  containing  ph'Mpnoric  arid  in  firm  combination.  Tliev  form  the 
cluomat  in -substance  of  the  (.■ell-nucleus  (whenea  the  name),  as  well  as  tfie  tingibte 
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contained  principiiUy  in  the  connoctiiiK  >"*^  protcctinK  rtructuivs  of  the  body. 
Tlicy  can  enter  into  ccqnbiiiittion  with  scids  or  alk&Iics. 

I.  K^ratiu  is|>ri:6c>it  in  all  horny  mtd  vifidcniuti  slructurcs  It  is  soluble  only 
in  boilin([  caustte  alkalies,  while  it  swells  in  cold  alkalies  and  in  concentrated 
acetic  ftcid.  U  contains  (mm  j  to  5  per  cent,  of  sulphur,  a  Iitr];e  part  of  which 
can  tx'  split  oil  by  alkalicfi.  ll  is  indigcstibk-.  di^comiKiscd  )>y  hydrolysis  it  yidds 
10  per  cent.  o(  leucin  and  j.ft  per  cent,  of  lyrosin.     ynufoh^rattH  is  described  on 

1.  Fibroin  is  sohiblc  in  strntia  »Il:iil!i-^  and  mincxnl  nrids.  as  «i-Ii  ax  in  ciipnc- 
ammonium  sulphate  Boiled  with  sulplmric  acid  ii  yields  j  per  cent,  of  tyroan, 
leucin  and  Elycin.  It  U  the  principal  tiiKrcdivnl  of  ihc  web  of  inwcls  and  spiders. 
By  lonx  botliuj;  silk-Kclattn  {jiTteiri)  i»  obtBUicd  from  lutk.  This  body  is  richer  in 
oXYgpn  nnd  water  thnn  fibroin,  Trv'atcd  with  «iilphurie  acid  it  yields,  in  addition 
taleiicin  and  lyrosin,  also  s^riii,  a  crystalline  nniiHf>acid 

J.  SpongtH,  a  body  rt'semblinf;  fibroin,  and  derived  from  sponges.  jHelda  leucin 
and  glycin  at  decunipoKiliur'prr^dMcts. 

j.'feYadiH.  the  gmiind-siibstance  of  allvlastir  tiwrtn-vlpirwnts.  in  Kolubl*"  only 
when  boiled  in  conrcnl rated  pntas&ittm  hydroxtd  It  yields  from  3O  to  45  per 
cent  o(  leucin.  together  with  ont-h«l(  per  cent,  of  tyrnsin  It  yields  the  reacttoms 
ot  albumin  and  its  di-ci  »m  j  losit  ion -prod  nrt.-*  It  contains  Milphur  only  in  looM 
combination.      It  is  peptonized  by  trypsin,  hut  not  by  the  gastric  juice. 

5.  (?/«((«  or  boni-'gflytit't  can  be  pn.-parcd  from  sll  ct>n»i.-ctivcor  ),"cla tin- yielding 
fubstanci.'!)  (which  contain  (■.•Uag^iii  in  the  form  of  uclatiii  l.'v  bciliii;;  witli  watt-r. 
This  gelatin  on  cooling  forms  a  jellv  follaKcn  i<  soluble  by  boilin;;  with  andi 
or  alkalioK  Olulin  b  slnmglv  levo'rntatory.  It  is  transf firmed  by  lonjj  boiling 
and  digestion  into  a  peptone-likf  stale,  in  which  it  docs  not  become  gelatinous. 
A  glutin-ltke  liody  iii  pi-esent  in  leukemic  liloixl  and  in  S|j|enif  juiet-,  GJycln, 
leucin  and  ammonia,  but  no  tyrosin.  result  on  hydrolytic  dix'unipo«ition. 
Gluiln  contains  0.7  per  cmt.  of  sulphur. 

6,  Chondfin  ur  carUlage-etlattn  in  obtained  by  boiling  hyaline  cartilaec.  It 
becomes  itrlatinout  in  the  cold.  It  is  precipitated  by  acetic  avtd  and  bv  small 
amount*  of  mineral  acids.  It  is  dissolved  in  an  excess  of  the  latter  as  well  U»  by 
neutral  salts 

The  true  charaetcnstic  substance  of  hvaiinc  and  elastic  cartilage  is  a  mono- 
bBKtr  aeid,  namely,  ehondrinltt  (C„H„KO„)'.  which  as  an  ethereal  sulphate,  namely, 
as  chondroitiii 'Sulphuric  acid,  is  contained  in  cartilage  This  acid  is  present  in 
cartilag*!  only  in  exceedinRly  loose  comlii nation  with  albuintiious  or  gelatinous 
Kubntancex  AtkalicK  Keparali.'  (hf;  .illniminotix  liodics  from  the  chondn>itin-KiiU 
ptiuric  acid  by  forming  alkaline  salts  with  the  iHltcr  The  ilhutiiriH  (of  the  (-artier 
wrilcrs>  U  a  f:clatini*iiiK  solution  eoiiiisiinj;  of  a  mixture  of  ordinar>-  gelatin  and 
the  laitt -mentioned  chondnriliii-yulphatf.s  of  the  alkalicn.  It  can,  Iht^refore.  be 
prepared  Brtiticially  from  gelatin  and  potassium  ur  (odium  chondroitin-sulphate. 
True  hyaline  cartitage  i*.  therefore,  distinguished  from  (gelatin -yielding)  oimcous 
cartilage  by  the  circumsiancc  that  the  ground- substance  of  the  former  contains 
chon  d  roi  ti  n  -  ttu  Ip  h  a  les . 

On  dreiimimsiLion  of  chondroilin  (aswoll  asnf  chitin)  gtycotatmin  (C,H„0.-VH,) 
is  formed,  the  latter  on  treatment  with  nitrous  acid  being  transformed  into  )tIuco«e 
—an  example  of  the  manner  in  which  mm-nitroHcnous  carbohydrates  may  be 
derived  from  nitni>;rtirius  nlluiijiinoiis  bmlic*. 

7  The  Ay./ro/ifir  jfrnutU^.  also  designated  tntymts  {in  order  to  distinguish 
them  from  the  orgamwd  ternients.  for  example  yeast  and  bacteria).  The  charac- 
teristic of  all  organized  fcnueiUs  i»  Ihal  they  are  active  only  in  the  presence  of 
crater  and  in  meh  a  manner  that  they  cause  a  decomposition  of  the  body  upon 
whicli  thev  act  as  a  result  of  which  the'  latter  takes  up  water.  All  of  the  fcmu-ni* 
likewise  decompose  hydrogen  dioxid  into  water  and  oxj-gen.  Their  activity  is 
greatest  at  a  lemfteraiuri-'  lietween  30*  and  35'  C.  Tliey  are  deKtrojed  by  boihng. 
In  the  dry  KlJte  ihfv  may  loltrate  e)([>OMire  to  a  temperature  of  100'  t;,  without 
attenuation  The  additinn  in  considerable  amount  of  arliscptics  that  dcstniy 
lower  organisms  does  not  check  ihcir  activity.  During  periods  of  protracted  in* 
activity  their  soluiiunK  undcrgn  dcul  rut-lion  in  ^neater  or  le^uter  dcgrtc.  The  fol- 
lowing hydrolytic  ferments  are  distinguished: 

(a)  Si'gar-foruttne  j^rmenit  in  the  saliva,  the  pancreatic  mice,  the  intestinal 
jiiieo.  the  bile,  the  blood,  the  lymph,  the  chyle,  the  liver,  tne  urine,  the  milk, 
and  »tiei7rliii  in  the  inti-Minal  juice. 

Almost   all  di-ad   tisi-viex.  organic  lluidc.  and  even    allmminouE  bodies,  may 
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cacrt  a  teAtc  Aaitatic  ■«»».     OUsutie  fenacBt  i»  lanad  atao  in  paiB  and 
\*tfiwinom  tndts,  in  )»>■  and  other  v«s«lab)e  foob. 

(t)  Pi«UoJ>«£  J/rmt-u-  la  the  gastnc  }uic«  (pepcta).  the  owucIm.  alto  ia 
ycnmoatad  hmIe.  for  isampic  vrubet.  m&]?«d  boitey.  aad  ta  tlw  aifxamyemuai 
IB  tlv  poDcnatio  jiuce  (trypsin),  the  intestinal  jnice.  tlw  immt.  IVpAS  and 
u^rpmi  mBtxMK  fBfOQffn  iHfinnranff  nkv  pcpuxM- 

SF^^pltttimg  frrmi^titt:  in  tbe  pancreatic  joicr. 
Mitk-itMgKMtmg  fermmh    in  tbt  stomach,  the  pancnatk  iibcc.  the  nrine. 

irrrROGEHOUS  glocosids. 

ThE  foBovins  cdtrogcDovi  gtucoaid*.  which  on  hydrdjrtic  Ueatntrat  tak* 
wun-  Hid  an  dccanipoied  into  ragar  and  otlict  atom-gnopa.  may  be 
hen: 

Pr9tmt9»  in  the  aMuQaxy  sabcUocv  ol  nerves  (C^)tK|^Il(»«pMH jpcr  van 
CMm,  a  (CnH^^hI  ■  a  nitroceooua  gluoond  «>r  anun  of  a  cambrorate  tn 
tntaaeopi  coverwg  el  ali  arthropods,  also  in  the  iniestcn«  and  the  trachea  o(  these ' 
acdmab;  cohibte  in  conocntfStM  bydrochlArie  or  nitric  acwl.     The  kyahn  at  the 
Uaddrr-wacnn  ia  elocely  alliad  to  chitin      Among  the  ghicoadi  of  tba 
kincdocn  an  also  wlanin.  amygdalin  and  salicin. 

HITSOGEHOira  PIGHEirrS. 

TLeae  an  oi  uoknowii  cotutitutioa  and  occtir  onljr  in  animals.  In  all  pr 
bility  thex  >rc  all  dcn^-ativca  of  bemoslobtn.  They  ai«:  (i)  H<*>*a/ti>  and  A«i*Kt- 
toidtm.  (i)  The  btimry  (H£ttutUs.  (j)  The  urinary  fiipiunU.  (4)  Mtianiit  or 
lh«  black  pigment  oontainea  partly  tn  epitbelial  ceUs  (oionnd.  iris,  dem  epidermal 
eeOt  in  eoiOTed  races),  partly  in  connective-tMstie  corpnades  <Undna  nuca  t4  the 
choroid),  in  halnand  ui  pathological  neoplasms,  Schnuedeberg  produced  melanin 
by  bodincalbinninforalong  timcvithconcvntraKfd  mineral  waters.  Tbenielanta 
Menarcd  frocn  a  jnelaooiaicocna  had  the  followiag  compositioQ:  CMUMN'wSOn-f 


ORCAmC  NON-HITROGEHODS  ACIDS. 


Tbtf  fatty  ad<U.  coiutructed    according  to  the  formiila    CaHyi,OtOH}.  art 

f>f*Mnt  in  the  body  in  part  frtc,  tn  part  combined.  In  the  free  state  the  volatila 
ally  acid*  are  found  m  decomposing  cutaneous  scoMioas  (sweat),  also  in  tha 
lar^  intestine.  In  combination,  acetic  and  and  eapffoie  acid  win  ■pp***'  as 
amdo-camtnnattoni  in  glycin  (ainido-acetir  acid)  and  leucin  (amido-capnne  acid). 
Partictilariy,  however,  the  fatty  acids  arc  combined  vith  el>~cerin  to  form  ncutial 
fata.  <rora  wbicb,  in  the  process  of  pancreatic  digestion,  tue  fatty  acids  arc  again 
dcoompuaed. 

The  acids  of  the  acrj-Iicacid  scries,  conatroctcd  according  to  the  formula 
CaU^,(HO},  yield  the  animal  organism  but  ooc  acid,  namdy  okic  acid.  This, 
also,  forma  inth  glycerin  the  neutral  fat,  olein.  It  will  be  advisable  at  this 
point  to  diawiss  the  neutral  fats,  in  the  formation  of  which  both  the  fatty  acids 
and  oteic  acid  are  utilised. 


I 


THE  PATS. 
The  faiB  occor  alMmdantly  in  the  animal  body,  but  probably  also  in  all  p! 


■n  the  latter  particularty  ia  the  seeds  (nuts,  almond,  cocoanut.  popp>V 
communly  in  the  pericarp  (olive),  or  in  tlieroot.  Thev  are  obtained  by  expreesioD 
by  nwltine  or  by  extraction  with  ctbcr  or  boiling  alcoool.  They  cooiain  a  smal|cr 
amount  of  oxygen  than  the  carbohydrates.  On  paper  thcv  produce  chamcieristffi 
fAtrtpoU;  agitated  with  colloidal  Bubotances  they  >-iold  an  rmulsion.  If  neiitwJ 
bts  are  superheated  with  nater  or  are  healed  with  certain  ferments  or  are  prnniltM 
to  undergo  decomposition,  they  take  up  «>'ster  and  brrak  up  into  glyecnn  aaa 
fr«  fatty  acids,  of  which  the  Utter,  if  volatile,  diRutte  a  rancid  odor.  Treated 
with  caustic  alkalies  they  likcwi&c  take  up  water  ind  air  decomposed  into  KJC*™* 
and  fatty  acids.  The  fatty  acids  fi.rm  salt-ltke  combinations  (soapa)  with  the 
alkali,  while  the  glycerin  u  set  fn  "nhCft^'""'  «>  ^^"*  dissolve  t»u- 

Clycerin.  a  triatomk  alcohol,  C,Il/  itaSlnPnVb  the  foUowmg  mono- 

basic fattv  acids: 


luts^l 
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I.  Formic  acid,  CI1,0„ 
a.  Acetic  acid,  CyH.0.. 

3.  Propionic  aciy,  C.HjO,. 

4.  Butyric  acids,  CjItOf. 

5.  Valcriaoic  acid,  CtHjoO,, 
li.  Capri>ic  acid«.C.H„C>,, 

Enanthylic  Acids,  CtH„0|, 
C«prylic  ftcids,  C,H.,(),, 
^.  Pelarsonicacid.  C,H„0,, 

10.  Cajmc  acid.  C,oH„0,. 

11.  Undccylic  acids,  CiiHaOi. 


la.  Laurogteatic  acid.  CqHMP4. 
13.  Trideej-lic  (uhd.s.  C,,ljj,0,, 
14-  Myriirtic  aciJs.  CiiHbOJ, 
ty  Pcntndccylic  acid«,  CuHkO,, 
16.  Palmitic  acids,  C,(H»0}, 
t;.  Margaric  acids,  C,,Hj,U,, 
iS.  Stearic  acidx.  C,,fLO,. 
19.  Amchinjc  scid,  C„B^O,. 
JO.   Itytnic  acid.  C^lCO,. 
ar.  Ce'roin:  acid.  C„H^O,, 
II,  Mcliuic acid. (4,H«0i.  etc. 


Tha  addB  fonn  an  homolotioujt  Kcriea  according  to  the  formula  CnH^-,0(OH). 
With  each  additional  CH,  the  boiling-point  is  raisnd  19'.  The  acidx  containing  a 
larger  amount  of  carbon  ar«  consistent  and  do  not  volatilise;  tbow  containing  a 
IdKser  itmotint  <it  carbon  (to  10  incluKtve}  are  ijleiiginoiiit  and  volatile,  vitfa  a 
pungent  acid  taste  and  u  mncid  odor.  The  i-urlicr  may  be  produced  from  the 
later  in  the  scries  by  oxidation,  CH,  disappearing,  with  the  formation  of  CO. 
and  H,Oi  (or  example,  butyric  acid  rcitults  from  prupiimic  acid.  Human  ana 
animal  fat  contain  16  and  iS,  in  smaller  amount  and  inconrtantly  14,  la.  <>,  8. 
10.  4.  iiosnc  arc  conttainnd  in  the  «wcnt  and  in  t.hc  iitilli.  Many  dcvdop  from 
albumin  and  gelatin  in  th«  process  of  pmrcfaciion.  The  maiority,  with  the  ex- 
ception of  tho-tc  from  19  to  ii,  art-  pri-'sent  in  the  eonwntR  of  tne  lo'rsc  iaU'stine. 

3.  In  addition.  {{lyct.-riTi  ci^m bines:  with  the  ni'iinubuKii?  oleic  acicU.  U'hich  Itlce- 
wise  form  a  series  nnd  stand  in  an  intimate  relation  to  thu  fatty  acids.  Their 
general  formula  is  CnHm  ,0{0H):  they  all  thus  possess  iH  less  than  the  cor- 
rcspon<lin£  membcra  of  thv  fatty-acid  Bcrica.  Bv  suitable  procedures  the  cor- 
responding fatlv  acids  can  be  obtained  from  tlic  oleic  acids,  and  conveiscly 
olew  acids  develop  from  the  corrcfponding  fatty  acids.  Oiric  acid  (cUiic  acid), 
C[,HuO,.  is  the  only  nicnibcr  found  in  thv  organism,  combined  with  glycerin  it 
yiel^  fluid  olein.  The  fui  in  the  nevr-boni  contains  more  glycerids  of  palmitic 
and  stearic  acids  than  that  of  the  adult,  which  cnntatn*  more  glycerids  of  oleic 
acid.  In  addition,  oleic  acid  occurs  in  eombinaiion  with  alkalies  (in  soaps),  and. 
liki!  a  nuuitserof  fatty  acids,  in  the  lecithins.  lecithin  is  considered  as  a  glycero- 
phosphate of  ncurin.'in  which  two  atoms  of  11  in  the  radicle  of  glycero- phosphoric 
add  arc  replaced  by  two  atoms  of  stearic,  palmitic,  or  oleic  acid.  If  l»rium 
hydrate  in  added  fo  lecithins,  inanluhlc  barium  stearatc  irr  olcate  or  palmiLite 
■¥  (deatc  is  pnKluced,  together  with  neurin  in  solution  and  barium  Klycvro-phfis- 
phatc.  There  appear  to  be  diflcrent  lecithins,  of  which  thoae  combined  with  the 
Kcark-acid  and  that  witli  the  pa  i  mi  tic-acid  +  olcJc-acid  radicle  anJ  the  most 
ircquWJt.  Lecithin  is  present  in  the  blood-corpuscles,  in  larger  amount  in  the 
semen,  in  the  yolk  of  birds,  in  the  nervous  tissue,  in  traces  m  all  animal  cells. 
Neurin  also  is  a  constant  cnnsiitueni  of  bacteria  and  of  thr  seeds  of  vetch  and  peas. 

Tho  neutral  fats,  the  glycerids  of  the  fatty  acids  and  of  oleic  acid,  are  triple 
ethers  of  the  iriatomic  alcohol,  glycerin.  Fat  in  the  ordinary-  seniic  of  the  word 
ConsistK  of  jialmitin  (with  a  meItiii|:-]Joint  iit  6j*).  stearin  {71. s*).  olein  (a"). 
Related  to  tlic  neutral  fats  is  glyccro-inhosphoric  acid,  an  acid  glycerin- c titer, 
resulting  from  the  combination  of  glyccriii  with  phosphoric  acid,  witii  the  giving 
oil  of  1  moleculi!  tjf  watt^r — C,H,PO,;  it  is  a  piodncl  of  the  decomposition  of 
lecithin.  Spermaceti  (cetaccumi,  obtained  from  the  cranial  cavity  of  certain 
whales,  contftins  p  fine  i  pally  pal  mi  tic -acid  cetyl-cther, 
^ft  \.  Tlic  glycolic  Midf.  acids  of  the  laetic-aeid  series,  are  constructed  according 
^pto  the  formula  CnHn.O(OH)^.  Thi-y  result  from  the  fatty  acids  by  oxidaliuo. 
if  I  atom  of  H  in  the  fatty  acids  is  irplitced  by  OH  {hvdroxyl}.  Conversely  also 
fatty  acids  can  be  obtained  from  the  glycoUc  acids.  Those  fatty  acids  that  (from 
propionic  acid  downward)  contain  more  than  3  atoms  ui  C  may  (unn  various 
isomeric  glycolic  add.i.  in  accordmn-e  with  the  C-alum  in  which  the  other  hydroxl- 
gnnip  entem.    There  occur  in  the  body 

(a)  CarbotiK  acid,  hydrooxy formic  acid,  CO(OH),.  io  this  form,  however, 
forming  only  salts.      Free  carbonic  acid  is  the  anhydrid,  namely  CO,. 

{b)  Glycolic  acid,  oxyaeetic  acid,  C,H^OC0H),,  docs  not  occur  in  the  bodv 
in  the  free  slaie.  A  cumlnnation  of  this,  glycin — glycocol,  smido-acettc  atia. 
Helalin-sugar  — <KCure  as  a  conjugate  acid,  namely  as  glycochohc  acid  in  the  bile 
and  as  hujimric  acid  in  the  unne,     Glycin  o-tists  in  celatin  in  eomplex  combination. 

(f)  Lactic  acid,  oxyt.ropinnic  acid.  C,H.<)(OH),,  is  cimtanied    in    the    body 
;wo  isomeric  fftrma:    (i)    Ethylidene  lactic  acid,  which  occurs  in  two  modifica- 
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the  tigbt  or  to  tbe  left.  Heated  dry  tbxy  give  off  ih«  odor  of  caranicl.  "njcy  stain 
red  With  thymol  Mid  «alphiinc  nciii,  According  to  tbcir  constilutU'ti.  t!i<;\-m«v  be 
con«ida«dn»fatty  bodies,  a*  hc^atomic  alcohol  ts  which  i  atoms  d  H  *re'v.-antinj;. 
In  fimiill  amount!!  th«  carbohydraics  are  uonstituenlic  of  nimotst  all  aiiifruil  tissues. 
In  tho  prcK-ncv  of  Kiirciol  nutritive  dislurlMiici-ii  diTOinjiosilion  of  complex  organic 
constituenu  of  the  visccru  appears  to  take  place.  Nitrogenous  products  that  are 
readily  decomposed  into  urea  arc  split  o^  from  the  allmmiiiHU**.  nml  in  addition 
to  these  the  non-nit rojienous  portioR  appears  as  carbohydrate.  The  fortnation  of 
carbohydrates  (sugar)  from  fats  occurs  in  the  germination  of  seeds  containing  oil, 
with  the  taking  up  of  oxygen. 

The  carbohy<£rAle8  can  be  divided  inio  the  followiiiit  Kroup«: 

I.  The  moaOMecharids  or  glucoses,  which  contain  only  one  molectiTe  of  simple 
tugar:  C,Hj,0,,  1.  0>i/v-JMf<ir(g|ueose, d«xiro«,Iiimp-s'iig!ir,stBrch-flugar. liver- 
sugar  or  unnary  sugar)  has  been  produced  Bvnthctically  bvE  FischLT.  Iioccuni 
in  the  aninnal  t)ody  in  small  amounts  in  the  blood,  chyle,  inutu^lc.  liver,  urine: 
in.  large  amounts  in  the  urine  in  case*  of  diabetes  mellitus.  Ii  is  fomted  in  the 
pcocess  of  digestion  by  dia.^Viitic  ferments  from  other  carboh  yd  rates.  In  the 
ventahle  kingdom,  it  is  disiributt-d  in  the  swtei  juices  of  many  fruits  and  flower*, 
ana  thence  into  honey.  It  is  [onnuil  fnirn  ciuic-siiear,  inahonc.  dc.\trin.  glycogen 
and  starch  on  boibng  with  dilute  acids.  It  cn-^tnlli^cs  m  canlilloni-r-Hki-.  warty 
raasacA.  with  one  molecule  of  water  of  crystallization .  combines  with  bancs,  salta, 
acids  and  alcohols,  but  is  readily  decomposed  by  ba»«.  It  exerts  n  reducing 
action  on  many  metallic  oxids.  Phenylglucosazone  melts  at  a  temperature  of 
90^°  C.  As  R  result  of  its  oxidation  t-liere  develop  tirtt  the  monobanc  glyconic 
odd  and  then  the  monobasic  gliicic  acid.  A  frcsli  solution  has  a  rotatory  power 
of  +106'.  which  falls  to  +56  _,  On  fcrmcntati^m  with  >^eaat  it  in  decomposed 
into  alcohol  tuid  carbon  dioxid.  by  putrefactive  bacteria  it  is  broken  up  into 
two  molecules  of  lactic  acid,  The  qualitative  and  (tuanlitatirc  estimation  of 
l^pe-sugar  is  discussed  on  op.  J67,  368,  and  sa>-  (t  alcohohc  aulMiton  it  enters 
mto  almost  insoluble  comoinations  with  calcium,  barium  or  poiansiumi  also 
with  sodium  chlohd  it  cr>-stallize.i  into  a  combination. 

a.  Gat^itcM  it  formed  bv  hydrolytic  d«cAmpo<:ition  ni  milk-sugftr  (lactOM), 
but  also  by  hydrolysis  of  gum  and  mucoid  substances:  antl  as  a  decompoxitioti- 
prodtict  of  the  glucosid,  cerebrin.  It  forms  needles  and  plateK.  soluble  in  water, 
IS  dextrorotatory  +  SR  ©S°  and  fermenljible  and  >-ielde  the  reactions  of  dextrose. 
Its  phenylosazone  melts  at  19J*  C.  When  oxidized  it  forms  galactonic  acid  and 
later  mucic  acid. 

3.  LrvuLiif  Clcvnrnldtory  fruit-sugiir.  in  vert -sti  car  or  mucnus  sugar)  is  formed 
from  inulin  by  the  action  of  ncids  together  with  lev-ulia.  which  is  the  analogue  of  dex- 
trin. It  occurs  in  tho  acid  juices  of  some  fr\iits  and  in  honey  as  a  colorless  syrup,  cry»- 
tallizable  with  difficulty,  fermentable  with  greater  diniculty,  insoluble  111  cold- 
alcobol.with  a  rotatory  power  of  — 106'.  It  reduce*  hke  dextrvMc  and  has  the 
same  oeatonc.  It  is  fnrmed  normally  in  the  intestine  and  is  rarely  found  abnor- 
mal! v  in  the  urine. 

I I.  Dliaccliaiids  nr  saccharoses  contain  twomoleenleeof  simple  Kucar.  and  hav- 
ing the  fonnnU  C„lia(>„.  arc  the  anhydrids  of  the  mcrabcrs  01  the  first  division. 

I.  Milk-sugar  (lactose  -  dextrose  +  galactose)  occurs  only  in  milk,  cry.ical- 
lizeo  in  crusts,  with  1  molecule  of  water,  from  whey  evaporated  to  a  syrupy  con- 
sistence, is  dextrorotatory  +  52.5',  soluble  with  Kreaterdiliiculty  than  grape-sugar 
in  water  and  particularly  in  alcohol.  On  boiling  with  dilute  mineral  acids  it  is 
decomposed  into  gal.'.ctofic  and  dextrose;  it  can  be  tr*ngfonMed  directly  into 
loetic  acid  only  by  fermentation,  and  the  resulting  galactose  is,  however,  sus- 
ccpiilde  of  aleuholic  fermentation  with  yeast  preparation  of  knumixs).  Its  (|unn- 
titative  estimation  is  diseussed  on  p.  411.  It  occurs  rarely  in  the  urine.,  Lacto- 
sazoiie  melts  at  aoo*  C. 

3.  Maltose  (mall-sugar^.  C,}t[nO„  +  H.O,  contains  one  molecule  of  water  less 
than  iwom(ik-.culesof  grape-suuar  (C,.H„0,i  and  results  in  the  diostntic  decomposi- 
tion of  starch.  ltics(>lublcin  alcohol,  but  IS  precipitated  from  an  alcoholic  solution 
by  ether  in  the  form  of  needles  (dextrose  is  noli.  It  is  dextrorotatory  i3S.4*and 
crystal lii able,  and  100  parts  reduce  e<^uallv  with  66  of  dextniM:.  Dextrose  reduces 
cupric  acetate,  while  maltose  docs  not.  Maltosaxone  metis  at  aoS*  C.  Isomaltose 
Is  not  siiEccntible  of  fermentation . 

3.  Sacchamm  (cane-sugar  nr  bret-sugar  —  dextrose  +  fruit-svigarl  is  present 
in  cane-sugar  and  a  number  of  plants,  but  it  does  not  reduce  copper  It  ii  soluble 
in  alcoh'il  with  dilbcully,  i» dcxiriirotaiori,'  and  nm  firrnentabU-.  In  the  tiHe«tine, 
and  also  when  boiled  n-ith  dilute  ai-ids.  it  is  tianafonncd  into  a  mixture  of  glucose 
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id  to  Trommcr's  test  and  is  susceptible  on\y  of  sarcolactic-acid  fermentation, 
vaporatcil  to  drvnesa  wiUi  nitric  acid,  lti«u  with  aQunQutaandcutciumchlond, 
ijt  leavi-i  u.  ixny-rvti  stain. 


AMMONIA-DERIVATIVES  AND  THEIR   COMBINATIONS. 


Th«  ammoni,i'iIi?riv,itiVL'5  arc  products  of  proitids.  decomposition- products 
of  the  tiisiii-inctamorplitisis  of  nrotcid*. 

I,  Amina,  th«i  i«  ojnipounii  amninniM.  wliich  rrwy  be  derived  from  amTnonis 
(XH^  or  from  ammonium  hydroAid  (II, \.  OM)  by  replacing  one  or  all  of  ihc 
stoma  of  H  by  carbohydrate-groups  Calcoliol-radiclts),  The  amins  derived  from  a 
sin][le  niolecufe  of  ammuiiia  arc  dcaiKiiuicd  monamitta.  Axaanfi th«tN:  itrc  m<ih)4amin , 

It  -N,  and  trymethai-imtn,  ciI](N,  known    only  as   decompo&itiunpniducts  of 

cholin  (ncurin)  and  of  kroatin.     Nourin  occurs  in  lecithin  in  complex  combination. 
The  lecithins  arc  described  on  p.  46.;  and  the  diumins  ore  discuMcd  on  p.  ;o|;. 

t.  Amidt,  thut  is  derivatives  ot  acids  in  which  Nlij  lk  substituted  for  the 
hydroxy!  <HO)  of  the  acids.  Cn-^  C()(\'H,),.  IhcdinmiaM  CO,  i?  the  principal 
esd-product  of  the  tissue- met amorplioBis  of^  the  niirogenouB  conmitueTils  of  the 
body.  Carbon  dioxid  coniauiing  water  is  CO(OH),.  in  which  both  OH-aioms 
ara  repUvcd  by  NH,  ihus  CCHNlIj), 

3.  Amido-addB,  that  is  nitrogenous  combinations  exhibitinof  partly  the 
character  o(  an  acid,  and  panly  that  of  a  feeble  base,  in  which  IJ-atoms  of  the 
acid-radtclc  arc  r^'phiccd  by  NMj  orsiibstiinti^d  .■imintJina-KnuiTW, 

(a)  Gtyiin  (^mido-HCctic  acid,  glycocol.  gelntiti  )iUi;dr;  results  on  boiling  gelatin 
ivitb  dilute  sulphuric  acid.  It  is  present  in  the  cornea,  which  contains,  besides, 
chondrin.  It  has  a  swi-et  taste  ()jclaliti-siigar>.  behaves  like  a  feeble  acid,  but 
unitft9aljMasanamin-b:)ien-ith  acids.  It  occurs  as  f(]yem  ^  beriKoic  acid  —  hippurie* 
acid  in  the  urine  (it  has  also  been  prepurrd  artificially),  and  as  K'yein  +  cholic 
acid  =  i;lvcocholic  acid  in  the  bite,  (o)  l.euein  {a.midocaproic  acid)  has  been  found 
path oloK^c ally  in  pus  aiid  in  the  atlieromatous  matter  of  sebaceous  cyiiis.  atnerally 
in  combination  with  tyrosin.  (c)  Strin  (amidolactic  acid)  is  obtained  from  silk- 
gelatin.  (J(  tilood-alinin  (amidovalerianicacid).  (#)  v-ls^rtfcacr(i(araidosucciinc 
acid).  (S\  Oliutunic  aciii  (amidopyrotartaric  add^  iHolitniTied  in  tbi!  decompnsitinn 
of  albuminates.  Aspartic  acid  can  be  obtained  from  nsnarazin  by  boiling  m-ith 
acids  and  the  splitting  ofl  of  aaunonia.  Asparagin  is  formed  laigcly  in  the  vegetable 
kincdom  from  albumin  and  has  been  prepared  artificially,  while  in  th«  animal 
body  it  is  transformed  into  urwa  and  uric  acid,  (g)  Cysitu  famidolactie  acid),  in 
which  O  >*  replaced  bv  S,  iu  strongly  Icvomtatory,  (ft)  Taitrin  (rimulivi-thyl- 
eulphuric  acid'l  occurs,  besides  in  a  number  of  gland's,  ijarticularly  in  combination 
wito  cholic  acid  as  laurocholic  acid  in  bite.  It  has  also  been  prepared  artihcially. 
(0  Tyostn  (p.traiixypiu'nylainiikipriiiHiiiiic  acid,  prepared  svnihclicaliy)  occurs 
together  with  leucin  in  the  prescniCc  of  pancreatic  digestion.  It  may  occur  patho* 
logically  in  the  urine.     It  is  abundant  in  dahlia-bulbs. 

There  are  relatod  lo  the  ani)d»-acid.H  further:  (a)  Kteatin.  mcthylguanidin- 
acetic  acid,  CH«N,0,,  which  i.t  present  in  mu»clc.  bmin.  blood,  and  urine,  and 
has  been  prcrpared  arliticially.  Dniled  with  bar\-ta-w«tcr  it  takes  up  water 
and  is  decomposed  into  urea:'  (6)  Sarc^tin  (C,H,N'0,.  mothylamido-.icetic  acid). 
When  boiled  with  water  or  heated  with  stronf;  acids  in  the  prest-ncL-  of  dt'composinR 
Rubsianres  kr«Htin  is  Irankformed  intti  kteaiintH  with  the  liuu;  nf  water;  kreiitinin 
occurs  in  the  urine.  This  strong  base  can  be  retransformcd  into  krcatin  by  the 
action  o(  alkahes. 

4.  Ammonia-derivatives  in  Part  of  Unknown  Coos  tit  utlon. — f/rtr  aci'if.  Allan- 
loiK  results  from  ihe  'ixidntion  of  uric  acid  by  mcan.s  of  potassium  permanganate. 
It  has  been  found.  logL-thcr  with  guanin  and  sarcin,  also  in  ihc  buds  of  Platunaccae. 
Cyanttnc  acid  has  i'ti-a  (uund  in  dos'»  urine.  Irnninu:  acid  is  present  in  muscle. 
Ouanin  (CjH,>J,0).  t.ij;ether  with  adenin,  xanthin  and  hypoxanthm,  a  derompoci* 
tion-product  of  nur^Irin,  nrciin:  in  tract's  in  normal  hlof"!  in  larger  amount  in 
leukemic  blood,  and  in  considerable  amount  in  embryonal  muscle,  as  well  as 
in  the  liver,  tlie  spleen  and  tile  pancreas.  It  occurs,  pathologically,  in  rapidly 
((ri>winK  neophiwn.'*  rich  in  nuclei,  ami  in  the  inusclw  "f  swine  lulleririg  from 
Huanin-goiU.  It  is  transfonncd  by  nitrous  acid  into  xanthin.  by  oxidation  into 
urea  and  when  fed  to  animals  it  increases  tlic  cUmination  of  urea.      It  occurs, 

imt,  in  guano,  in  the  e.xcrcnient  of  spiderrt.  in  the  skin  of  ainphilna  and  reptiles, 
tlic  iiilvcr  glo»  of  some  tish  (for  example  the  hcning).     llyp^'Jianihin  or  iartin 
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in  Bssnciation  wtUi  xvithin  occurs  in  many  organs  and  in  nrinc  Kossel  suc- 
ceeded in  preparing  bvpox^nthin  from  nuclcin  hy  j>Tolongcd  boiling.  Il  con  be 
obtained  from  Gbnn  by  puircfactton  and  ihc  action  of  gasiric  and  pancreatic 
juic«.  Xantliin  ciui  l>e  pruduvvd  fruin  hyuoxiuithiii  \>y  oxidalicn  and  i«  con- 
vertible into  cai!ein.  Xanthm  and  pijuim  Ijnve  been  jjioduccd  s^-ntbtlically  by 
Gawtipr.  ParaxamhtH  and  !utt'ri,^xaniliin  cc<-nw  in  the  tirinp;  carnin,  wht«n  re- 
s«mbk-E  them,  in  meat.  An  intormcdiaic  tin^c  between  nuclcin  and  hypoxanthin 
ii  rwprfc.-ientfd  by  the  adenin  (l-|H.N,)  o(  Kuxst'l,  wlueh  has  b<en  found  in  th« 
splwii.  ihe  panrrcuN,  tdr  thymus,  tne  Nemin.-il  Ihiid.  and  also  in  ten  and  in  y^ant. 
It  appears  to  occur  as  an  amorphous  powder,  or  in  six-sided  columns  disintegrating 
in  ibe  air.  an<l  aa  a  decomposition-product  of  nuclein  in  all  animal  and  vegeta- 
ble cell-tiwues. 

AROMATIC  BODIES. 


The  fiiriii'/  (hvriroxl  or  heniol)  in  the  intestine; 
(Jo   KrfS 


I.  MonaiouiK  ^Iwntils:  [a) 
phcnylfulnhuric  aad  in  the  urine,  (io  Krcsol  in  ilic  form  of  orlhokresol.  mela- 
KTCKU  ana  parwkrtaol  combines  with  ftuJphuric  acid  in  ilup  urine,  C*)  Diatomic 
phenols:  {a)  Pyrotalfihin  ctimbined  with  sulphuric  acid  in  the  urine.  <t)  Aro- 
matic oxyacidt:  (a)  UydroParacumartc  acid;  (b)  i'ltroxypktnylactiit  aeti  in  the 
urine.  (4)  StibiHluttd  earbohyvtrattt;  (a)  liM>l  (al»0  prepared  artificialiy)  and 
{>>)  tkalcil  both  occur  in  the  intestine  and  combined  with  sulphuric  acid  in  the' 
tirine.  Stoehr  has  prepared  ttkntol  artificially  by  distillation  of  strychnin  with 
ealeiuin. 


HISTORICAL. 

Aeoordlng  to  Aristotle  the  body  rcautrcs  food  (or  three  purposes,  namely 
for  growth,  for  the  generation  of  ticat  and  to  compensate  for  iotr>  from  the  body. 
"Tbe  gcneratic^  of  heat  was  thouzht  to  lake  place  in  the  heart  bv  a  pn>ccsa  of 
concoction,  the  heat  being  carried  with  the  blood  to  all  part*  of  tfie  body,  whilaj 
the  act  of  respiration  was  considered  as  a  means  (or  dissipating  the  excess  of  heat 
generated  in  the  process;  of  combustion.  In  a  somewhat  modibed  form  also  Galen 
held  this  view.  According  to  liim  the  moiabolisrn  is  comparable  to  the  conception 
of  n  lamp,  the  blood  representing,  to  a  certain  degree,  the  oil.  the  heart  the  wick, 
and.  finally,  the  luiifr*  the  draft.  According  to  the  view  of  the  iatrocbemical 
school,  metabolism  takes  place  in  the  body  in  the  form  of  fermentative  processes 
in  which  the  substances  introduced  are  decomposed  in  coniunction  with  the 
bodily  juicvB.     There  lhii3  rt-auU  rclined.  useful  iuiccfl.  and  fcmiciitative  wni^c 

Eroducts  inti-ndcd  for  cxcrt-lion.  Since  the  middle  of  the  seventeenth  cemurv 
nowjcdge  of  the  mctnbir'bc  prorcKBi'it  has  prop-e^sed  hand  in  hand  with  the  deve(- 
opm«nt  of  chcmi^irj'.  A  v.  Hallcr  ascribed  the  heat  to  chemical  procesws.  He 
believed  that  the  iiounshment  must  make  good  to  the  body  the  constant  leas 
of  excrementitious  matter.  Annfaoliam  takes  place  through  a  lymphatic  fluid, 
which  is  poured  out  for  the  reconstruction  of  tne  used-up  animal  hbers  between 
the  latter  Mayow  bchevcd  in  1679  that  metabolism  waa  eascntially  a  prooett. 
of  combustion,  the  blixMl  tiecoming  bright  red  in  the  lun|;s.  After  the  discoverjr 
of  oxygen  Lavoisier  formuliiled  the  theory  of  combustion  in  the  lungs,  in  wbidi 
he  believed  carbon  dioxid  and  water  were  formed.  He  compared  thi  relatively 
slow  course  of  physiulugical  combustion  with  the  heating  of  dung  that  takes 
place  at  a  lower  temperature.  Mitscherlieh  compared  the  metabolic  processcc  in 
the  livine  body  directly  with  putrefactive  phcnomenn  Magrndie  hnt  poiDt*d ' 
out  the  oifTercnce  between  nitrogmoua  anct  n  on -nitrogenous  foods  and  showed 
that  the  Utter  alone  are  not  c^abk  of  sustaining  hfe  Also  gelatin  alone  is 
iniufficient  tor  thin  jmrpitse.  His  results  were  less  precise  witn  nvpect  to  the 
nutritivr  vaEuc  of  aHniniinrttcs.  which  be  no-M^theless  gave  foremost  rank,  and 
amon^  which  he  was  willing  to  rccogniic  only  meat  as  adequate  as  nutritive 
matenal , 

The  KTcatcst  advance  in  the  principles  of  nutrition  is  due  to  J.  Liebig.  who 
laid  the  foundation  of  the  present  knowledge  of  mctab<:>lisni.     .\ccording  to  hia 
view  food-stuffs  subserve  two  purposes,  namely  as  plaslic.  for  the  growth  of  the 
body,  and,  as  respiratory,  (or  the  generation  of  heal.     The  former  mcludes  e*pe-< 
cially  the  olbummutes,  the  latter  c«t>ecinlly  the  non-nitrogenmis  carbohydmtc«J 
and  fata. 

Among  recent  investigators  the  .Munich  uhoot  deserves  especial  mention  mk 
advancing  knowledge:  v.  Bischolf.  v.  IN;ttmkofcr,  v,  Voit  and  others.  Moat 
reocnlty  PlUiger  has  made  important  contributions. 
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THE  SECRETION  OF  URINE. 

STRUCrmRE  OF  THE  KIDNEY. 

Th«  kidneys  are  compound  tubular  glands  (Fig.  143). 

All  oi  the  urinary  tubttlrs  nrlse  wiitiin  the  cortt^x  of  the  kidney  from  Bow* 
nun's  capsules,  which  arc  globulu- in  shape,  measure  from  aoo  to  ,100  u  in  dis meter, 
are  conaiiiLiced  of  cndoihcUoid  cells  (1*3.  and  whose  inner  surface  is  lined 
with  a  ftiiigk  layer  of  epithelial  cdts  (Pig.  143,  II).  In  the  interior  of  tlie 
capsule  lies  the  convolutiun  of  veHeb  known  a»  the  glomerulus  or  Malpighian  body. 
Each  capsule  piuises  bv  means  of  a  narrowed  ponion  into  llic  coovMiitoJ  urinarv 
tubulf^,  which  has  a  diamct<T  of  45  u  {I,  x) .  Thia  possesMS  a  membrana  propria 
eoastituted  of  extremely  fine  fibers  and  pastei  through  the  cortieal  structure 
in  a  deviouK  couru.  It  t£  lined  by  chiiracteriKiic  vjiitnelium ,  the  cells  contain- 
ing a  turbid  protoplasm  that  swells  readily  and  is  occa^iionalty  filled  with 
fai-Klobulcs.  That  portian  of  tlie  protoplasm  winch  is  directed  toward  the  rela- 
tively narrow  lumen  of  the  tubule  contains  a  di.ttinct  slobular  nucleus,  while 
the  portion  adjacent  to  the  mcmbranii  pmgiri.-i,  nnd  diltercnt  also  chcmicallr, 
presents  a  fibriilalcd  apncarancc.  as  if  con&tiuiled  of  rods.  Where  the  rods 
are  in  direct  contact  ^^  itii  the  iiiembraue  they  divcrce  hke  the  bmlles  of  a  brush 

Erewed  against  a  surface.  The  free  extremities  of  the  rod*  of  adjacent  cells 
>ueh  one  another,  eo  that  the  attached  surface  of  the  cells  ac<iutres  an  irregiular 
radiating  appoarancs.  When  accretion  takes  place  the  free  suriace  has  a  brusli- 
like  marein. 

Landauer  describes  the  cells  of  the  convoluted  tubules  :ind  of  the  wider  portion 
of  lienle'a  loop  as  provided  with  lateral  folds  (and  not  with  the  rod-like  structure] , 
by  means  of  which  adjacent  cells  are  brought  m  direct  contact  with  one  another. 

At  the  junction  of  the  medullary  and  the  conical  li»suc  the  convoluted 
tubule  becomes  suddenly  constricted  and  passes  over  as  Hcnlc's  loop  in 
the  form  of  an  elongated  a.rck  into  the  medullary  structure  (t,  t).  A  distinction 
is  made  in  the  loop  between  the  small  deseendin);  limb,  with  a  relatively  large 
lumen  (14  f)  and  clear,  tint  enithelium  .irrnngcd  in  alternating  order  and  bulged 
out  at  the  middle  by  its  nuelcu?  (,1V,  S),  and  the  wider,  ascending  limb.  Th« 
traositton  from  the  one  to  the  other  takes  place  in  man.  as  a  rule,  in  the  lowermost 
portion  of  the  descending  limb.  The  ascending  limb  hi-cnmrs  dilnieil  to  a  diameter 
of  ftom  30  II  to  >6  ;i,  its  lumen  is  relatively  large  and  its  epithelium  is  essentially 
the  same  as  that  of  the  convoluted  tubiUcs,  except  that  the  rods  are  shorter. 
Where  the  ascending;  limb  penetrates  into  the  cortical  Htntcture  the  canal  at  first 
becomes  smaller  again.  It  then  passes  into  the  intercalated  portion  (n.  n], 
which  has  a  diameter  of  40  v  and  m  structure  most  nearly  resembles  the  con- 
voluted tubules,  than  which,  however,  it  is  shorter,  though  lined  with  similar 
cells.  After  a  second  constriction  the  intercalnted  portions  pass  over  imo  the 
eolleetine  tubules  (0),  which  within  the  medullary  rays  projectmg  into  the  cortex 
hav«  a  diameter  of  about  45  "-  In  their  further  course  downward  in  the  papilla 
adjacent  collecting  tubules  unite  and  form  tubes  having  a  diameter  of  from  aoo 
to  300  ((.  the  papillary  dticts  or  excretory  tubes  (0),  of  which  from  94  to  Bo 
open  at  the  apex  of  each  of  the  11  or  ij  papilla;  (foramina  papiUaria  or  cribnim 
benedict  um). 

In  the  lowermost  and  wideat  pin'tion  the  membraaa  propria  of  the  duct  is 
surrounded  and  fortitied  by  a  layer  of  delicate  connoctivc-tissuc  fibers.  The  ccUs 
are  large  cylindrical  cpithelia,  with  wcll-dctmed.  spherical  nuclei  (VI}  and  dip- 
losomata.  Further  upward  the  constricted  portion  of  the  collecting  tubules  is 
lined  by  low,  cylindrical,  rather  cubical  cells,  with  large  nuclei  (V)  supported  upon 
a  structureless  membrana  propria.  Within  the  cortical  siniclurc  the  cells  assume 
an  inclined  position,  so  that  they  overlie  one  another  like  the  shingles  on  a  roof. 
In  the  cells  of  all  of  the  urinary  tubules,  excepting  those  of  the  collecting  tubulei, 
a  ciliated  process  projects  from  the  cciurtrioma  inio  the  lumen  of  the  tubule. 
The  same^eculiarity  is  present  in  the  epithelium  of  the  seminal  vesicles. 

TJh  tihad^tssni  of  th*  Kidwy.  —The  renal  artery  with  its  branched 
reaches  the  junction  of  the  medullary  and  the  cortical  structure  after  repeated 
division.  From  this  point  the  interlobular  arteries  (a)  ari.^e  at  cmial  distances 
apart  Jind  traverse  tne  cort«x  vertically  Thrftiighotit  their  entire  course  they 
give  otT  laterally  the  a^erent  vessels  (ij.cach  of  whicli  enters  into  a  capsule  formed 
by  the  urinary  tubule  at  a  point  exactly  opposite  to  that  from  whiea  the  tubule 
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tl)«  Bids  of  tlic  mSerent  vessel  and  in  structure  and  furtbtT  oonne  resrniblcs  n 
small  ancry.  Throarfimit  tlw  entire  cortex  all  of  the  efferent  vessels  enter  into 
the  furuiiition  of  a  Tine  rajnllary  iictwiTlt  (A  iiml  II.  c).  wliich  surrouiiili  the 
urinury  tubuk-s  Within  the  ra-ntcc  of  the  mi-duIlJirj'  nij's  of  the  cortex  tlic  libers 
of  the  ncTwork.  in  accordance  with  the  utraighl  course  vi  the  vinnory  tuWktt,  are 
arrarifjed  rwlhor  longituditially,  while  in  the  reniaicidor  of  tho  cortex  their  ar- 
ranRemcnt  is  polvgonnl.  From  thi«  cajiillarj*  network  of  the  cortex  venous 
rudicleu  arixe  to  it^rm  the  mturlotnilur  veins  (v>.  Theiu*  orifn<iiite  jutt  beneath 
the  (ibn>iis  c.ipsiilc  of  the  kiiiney  fn>ra  tlir  union  of  the  radicles  nf  the  KinaDeKt 
venules  arranged  in  a  stellate  manner  (stellulx  Verhevnij  or  stellate  veins)  and 
tlicn  pass  each  in  the  co]i\}>tuiy  uf  an  intcrlobiilaf  artery  to  the  junction  of  the 
medulla  nnd  the  cortex. 

The  Vf,it-Ii  i'f  Ihf  nmiuilary  .ifrHLiHri-  ariae  (rotn  the  .straight  arterioles.  These 
either  Ix-Kin  at  thu  junction  of  the  cortical  nnd  ihc  mcduilarv  jinicturr  of  the 
kidnev  as  individual,  tlircct  bnuichcti  (r)  of  the  interlobular  artiTics.  still  provided 
with  niu»ctilar  libers,  or  iheV  are  formed  fioiu  th'We  efferent  ve»^cl!t  (e)  that  lit 
adjacent  to  the  medullary  *truclure  of  the  kidney-  The  latter  an?  ^aid  to  he  un- 
proviiled  with  muxeiiluT  IiIhtv-  Finally  it  is  rtaUvI  thai  a  number  "I  lhe«p  vessels 
nro  fnnneii  from  the  union  of  the  capillaries  "f  the  mcdullarj'  rays.  All  of  th« 
straight  arterioles,  accurapanying  the  straight  orinarj'  lubulrs.  pans  into  elongated 
linn,h-IikL-  i-aptUary  imiiilles.  whu-h  siimiunil  llie  iiriniuT,'  tulnilrs.  From  thete 
cajijllnrien  there  collect  throuEhout  the  entire  extent  of  the  medulla  loops  cwrA-ing 
upward  anil  downwarf,  representing  the  Iwginning  of  the  veins.  Tlw.-  latter  pass 
back  t<'wur\l  the.  junction  between  the  ninlulliirv  and  ihr  cnrlical  slritcture  and 
f^idually  constitute  the  straijcht  venules  (c).  which  empty  into  the  lower  portion 
of  the  i uteri itbulnr  veins.  Un  the  papillie  Ihc  eapillnriet  of  the  medulla  c:>mmiini- 
cme  with  vascular  branches  in  garland-like  arrangement  lurroundinR  the  papil- 
lary iluet*. 

The  veaals  of  tli£  jibfoiis  capsuU  of  the  ktdttey  are  derived  in  part  from  pene- 
tratinn;  braiicliex  arixiiiE  from  the  extremity  of  the  interlobular  arteries  ami  in 
part  from  branches  of  the  suprarenal,  phrenic  and  lumbar  arteries,  between  which 
anastomoses  take  place,  Tlic  capillary  miwork  is  a  siinjile  mc.ih -arrangement. 
The  venous  radicles  p.isa  over  in  part  into  the  stellate  \'eins  and  in  part  into  veina 
of  the  same  name  as  the  arteries.  A  number  of  venous  radicles  also  pass  out  of 
the  cortex.  The  comiiiuniealion  between  the  distribution  of  the  renal  artery  tiad 
ether  arteries  in  the  captult^  explain*  thft  fiiet  that  after  ligation  of  the  renal 
artery  within  the  kidney  the  blood-stream  mny  enter  from  the  capsule.  Arterial 
blooa  alao  is  aent  to  the  kidney  and  this  may  even  give  risi?  to  a  slight  secretion. 

Lymphatics  are  present  within  the  lilirous  capsule  at  a.  wide- me-ihed 
network  and  beneath  the  c:ipKule  in  the  form  «(  tpacen  of  cnnsidcrnhle  sixe. 
In  the  parencliytna  of  the  Iddney  itself  the  l)*mph  is  said  to  circulate  between 
the  urinary  tubules  and  the  blood- vessels,  in  ti5:suc-^accs  witliout  walls  which 
an  found  in  larger  number  around  the  convoluted  tubules  than  around  the 
Strufiht  tubules.  The  spaces  reach  to  the  surface  of  the  kidney  and  arc  dis- 
tributed extensively  bonentb  the  capsule.  Marked  distcnliun  of  the  lyiiiph-npaccs 
compresw*  th«-  urinarv  tubules  and  the  vessels.  Laryo  lymphsties.  [>rovided 
with  valves,  are  visible  at  the  hilus  of  the  kidney,  while  others  pass  through 
the  fibrous  capaulc,  both  communicating  with  the  lymph -spaces  of  the  cspcule 
of  the  kidney. 

Of  the  lurvts.  branches  provided  with  ganglia  accompany  the  afferent  vcsscls. 
Noo-mcdu Haled  lil>era  iicnelrale  to  the  surface  tif  Ihc  cap.iuit  and  IktIwixii  the 
urinary  tubules  It  is  established  physiolo ideally  that  motor  fibi-rs  arc  present 
for  the  imstriar.cd  muscular  libers,  also  vasomotor  libers  and  sensory  hrajichcs  in 
the  capsule  and  the  pclvii,  of  the  klduey.  The  vxiateuce  of  vasodilator  and 
Bccrelory  fibcre  is  also  probable. 

The  Ci>n»ectitM  tissue  of  the  kidney  fcrms  In  the  papilla?  fibrillatcd,  con- 
centric layers  about  the  cxcretorv  ducts  C^'l).  Further  upward  slar-ahaped  cflUg 
of  reticular  tissue  appear  in  addition  and  theae  are  found  alune  in  the  iMrtex. 
The  outer  layers  of  the  libmuK  cajntulc  of  the  kithtcy  are  fimni'd  of  dense  bundles 
o<  fibrils,  while  the  inner  layers  arc  looser  and  send  processes  into  the  cortical 
layer.  The  fatty  capsule  of  the  kidney  is  coniiccicd  with  the  organ  itself,  ia  port 
thnaugh  vessels  and  in  pari  thnmgh  hands  ni  Cdmu-clivi-  tiiuue. 

Umtrtali-ii  niuifMitir  fibtrs  tttti  contained  in  the  kidney  in  three  forms:  (i) 
A  spbinclcr-likc  layer  surrounding  each  papilla;  (j}  a  wide-meshed  net- 
vork  on  the  eurfaco  of  the  kidney:  (3)  fibers  that  arise  from  the  depth  of  th« 
pelvia  of  the  kidney  and   pass  through  the  pyramids  with  the  blood-vessels 
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H.  KcKtjtirin  found  al  th«  junction  of  the  cortical  and  the  medullar}'  structure, 
in  Uie  dog.  a  layer  of  niuAcle-titieni  from  which  hundJei  pass  in  each  dirvctiun. 


THE  URIME* 

THE  PHYSICAL  CHARACTERS  OF  THE  URHTE, 

The  ii'Hi'iini  o{  urine  in  men  is  ifetwe«n  looo  und  1500  cu.  cm.  in 
twenty-four  Iiours;  in  wgrnen  l>etween  900  and  1200.  There  is  a  min- 
imum between  a  and  4  a.  m..  a  maximum  in  thcTnominR  and  a  second 
maximum  hetwcen  i  and  4  p,  m. 

The  amount  of  urine  is  diminished  by  profuse  penpiration,  diarrhea,  thirst. 
food  deficient  in  nitrogen,  reduction  in  liie  general  bUiod- pressure,  after  profusa 
hemonliaire.  iu  a  result  of  ihv  tictioti  of  certain  poisons,  such  as  atmpin  and  inor> 
phin,  and  in  the  presence  of  certain  diseases  of  tlic  structure  of  the  kidney.  The 
minimum  that  may  still  be  considered  normal  is  lietwcen  400  and  500  cu.  cm. 

The  amount  is  incrc-ued  1>y  iiKmiax:  in  the  blood -pTcs-iurc  in  i^encral,  or  in  the 
di-ttribution  c(  tliu  renal  artcr>-  alone,  bv  copious  drinking,  contraction  of  the 
cutaneniig  vessels  from  the  actiwn  of  cold,  the  elimination  of  soluble  diurvlic 
eubcunccB,  such  as  urea,  salts,  and  suf^r  throuj;h  the  urine,  a  diet  rich  in  nitrogen, 
as  veil  as  hv  certain  medicament)!,  cuch  as  digitalis,  jumper,  squill,  alcohol,  etc. 
Carboiiateil  lK^vt'r;ig(-s  JneriMiKc  the  urine  in  the  succt-rojng  hour. 

The  diri'ct  iiiihicncv  of  Iho  nervous  sysTem  upon  the  amount  of  urine  is  also 
familiar  In  this  catj^gory  belong.*  ihe  polyuria  suddenly  developed  after  nervous 
periurbaiiun.  as.  Un  insiaiu-e,  in  tiyjlericiil  I'crsiins,  following  epilrplitr  uttacks, 
and  also  after  ple4t,tuniblu  excitement,  and  finallv  the  remarkable  incrcane  in 
urmarj'  Kccrciion  after  injury  of  the  floor  of  the  fourth  ventricle  of  the  brain. 
Nocturnal  polyviria  occurs  in  persons  sulIerinK  from  diisease  of  the  heart  and  thv 
kidneys,  in  cachectic  states  and  in  the  presence  of  arterio-sclerosis.  Neurasthenic 
anuria  of  neurotic  origin  lasting  from  twelve  to  lifty-six  hours  is  extremely 
rare.     The  urine  can  be  measured  in  gniduated  cylinden  or  itasks. 

The  specific  gravity  of  the  urine  varies  between  1015  and  1025. 
The  minimum  is  observed  after  abundant  ingestion  of  water,  toot;  the 
maximum  after  profuse  sweating  and  marked  thirst.  1040.  In  the  new- 
bom  the  specitic  gravity  falls  con-iii derail ly  in  the  first  few  days,  in 
conformity  with  the  progressive  increase  in  the  amount  of  nourishment 
taken.  The  adult  dischajges  per  diem  on  the  average  i  gram  of  solids 
through  the  urine  for  every  kilogram  of  body-weight. 

The  determination  of  the  specitic  gravity  is  made,  with  the  urine  at  a  tem- 
perature of  16'*  C.  bv  means  of  the  urinomclcr  (I-'ig.  144)-     If  but  a  small  amount 
of  urine  is  obtainubfe  and  it  docs  not  suHiciently  Itll  the  urinometer<ylindcr  the 
urine  is  diluted  with  twice  or  ihriee  it*  volume  of  distilled  water,  and  then  the 
last  two  tifj^ures  on  the  unnumi-ter  iire  imiltiplii'd  by  two  or  three  respectively.     By 
means  of  the  formula  of  Trapp  or  llaeser  the  amount  of  solids  contained  in  1000 
parts  of  urine  can  be  estimated  approximately  from  the  specific  gravity.     Of  the 
number  indicaltni;  the  S]>eciric  itravity.  :u,  for  inxtancc.  loiS,  the  last  two  fijiures 
arc  taken,  in  ihi^i  inst.-iiice  thcrrfore  iS.  and  multiplied  by  3.33.     The  estimatign 
of  the  total  solids  can  be  made  in  a  more  trusiwortliy  manner  by  cvaporatine 
about  1$  cu.  cm.  of  urine  in  a  weighed  porrclain-dish  over  the  water-bath  andi 
subsequent  cumplele  drvmj;  in  the  air-Uith  at  a  temperature  of  i«o°  C.  and  cooltnf 
over  eonccntralc-d  nulpViune  acid.      In  this  way  SonM  urea  is  decomposed  ioto' 
carbon  dinxid  and  escaping  ammonia,  in  consequence  of  which  the  rcsiut  is  aome- ' 
what  too  low. 

The  spedflc  gravity  depends  naturally  upon  the  amount  of  water  in  tlM 
urine.  The  unne  of  the  morning  (urina  noctist  is  most  concentrated,  that  it. 
heaviest,  because  water  is  alisarMd  from  the  bladder  after  the  urine  has  been 


*  Th«  illustrations  arc  taken  in  part  front  Ultxmann  and  Hoffmann's  Atlas  oi 

Urin8r>*  Sediments. 


THE    PHYSICAL   CIURACTEKS   OF    TUB    VKtNE. 


475 


/ 


^rtMDt  for  a  considcmbl«  tlmv  during  sleep  and  the  nrino  thuK  Iwcoinea  In- 
tpisaeced.  The  most  dilute  urin«  is  encountcnd  afti-r  copious  drinking  (uiina 
poliu).  Hunsrr  anil  tiixatives  diminish,  while  physical  exertion  incrcasrs.  the 
amount  of  solids  in  the  urine.  Amonx  {>athulr>gtcal  <-<iii(lition».  highly  concentrated 
and  copious  urine,  up  to  to.oao  cu.  cm  .  is  obM-rvv^l  in  cnscs  of  diabetes  mellitutt 
(p-  .li3)>  wlion  the  ttpocillc  parity  louy  be  from  lojc  to  i»6o.  Concentrated, 
sanity  uriac  is  encountered  m  Lbe  prewnce  of  fever.  Simple,  for  instanc*.  ner- 
vous, pol)*uri»  is  character) xed  by  ex- 
irvmolydihitc  and  copious  urine,  atid  the 
specific  gravity  may  t>e  as  low  as  too  t . 

The  color  of  the  urtne  exhibits 
various  gradations  principally  in 
accordance   with    the   amount    of  ■ — •■ 

water  contained.  Highly  diluted 
urine  is  likely  in  be  pale  yellow  in 
color.  Urine  of  watery  rli-arncs.'j 
has  even  Liccn  ol)ser\'ed  in  associa- 
tion with  sudden  polyuria — as,  for 
instance,  the  spastic  urine  of  the 
hysterical-  Concentrated  urine, 
particularly  after  a  generous  mcaJ, 
varies  from  dark  yellow  lo  brown- 
ish red  in  color.  Urine  of  similar 
tint  in  association  with  fever  is 
commonly  de&ign.ited  high-colored. 

fetal  urine,  as  wcU  as  that  passed 
immedialely  after  birth,  is  as  clear  as 
water.  Admixture  of  blood  gives  rise, 
in  acoordancc  with  the  degree  of  diiinte- 
gration  of  hemoglobin,  lo  a  color  varv- 
uig  from  red  to  deep  browniah-red;  tnfi- 
arv  pigment  to  a  diwp  yellowish-brown 
color,  with  an  intense  yellonisli  foam: 
senna,  taken  by  the  mouth,  causes  the 
urrnu  to  h.nvc  n  dc«p-ri-d  color,  rhubarb 
a  brownish- >-cllow  color,  carbolic  acid  a 
blaclc  color.  Urine  in  a  slate  of  atu- 
moniaco]  decomposilioi)  may  pmait  a 
dirty-blue  AppeArai^ce  from  the  forma- 
tion of  indigo.  For  uniform  estimation 
of  the  color  of  the  urine  a  urin.ir^-  color- 
scale  has  Iwen  d(;viji«J  empirically. 

The  uhnc,  especially  it  in  a  Slate  of 


Flo.  i^j.  —  <^ra(]uu«l 
tTliud«i  iiul  Fluk 
fet  DVMiurirm  the 
Amovni  □!  Unne. 


Fm.  IM-— friaonktut. 


Normal  urine  precipitates  In  the 


ammonlacal  dc«ompo!>ii  lun 
fluorescence,  whtirh  tmaji pears  on  Addi- 
tion of  acid,  and  rcfippears  on  addition  of  alkali.  ISOrmal  urme  pr 
courac  of  a  few  hours  a  cloutl  or  nubecula  of  vcsicAl  mucus  tnat  settles  atowly. 
The  frtrth  of  nomiul  urinu  is  white  and  it  disappears  rather  quickly,  though  penist- 
ing  for  a  longer  time  when  albumin  is  present.  Not  rarely  the  urine  contains  a 
number  of  cpithdi.'U  cells. 


W  The  presence  of  considerable  amounts  of  sugar,  albumin  or  mucus  diminishes 

I  its  fluidity.     So-called  chyloiifi  iinne  from  patients  in  iho  tropics  'may  even  present 

■  &  white,  gelatiuous  appearsne«. 

I  arc 

I  tioi 


Konual  urine  flows  in  a  litnpid  stream  like  water. 


The  lasl«  of  urine  is  saline  and  bitter,  the  stmll  characteristicalty 
aromatic,  approximating  that  of  beef-broth,  particuUrly  after  the  inges- 
tion of  roast  nneat. 
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Urine  ill  »  «tiit«  of  amnicintncal  femiicniution  cxhitiits  the  txlor  of  ammonia. 
Of  snbctnncrs  tskm  b\'  the  mouth,  liiqicnline  eivcs  rise  to  ihr  oilur  of  v^l)lew. 
copaiba  and  cubcbs  to  an  arotnalic  odor,  and  asparagus  to  a  dis:p;siins  odor  due 
to  niiMhyliiirn-Hiiian.  Vak-nai),  garlic  and  ca&t<ir  yield  uji  tUJinv  at  llicir  odorovs 
constituents  to  tbc  uhnv. 

The  reaciion  of  noniinl  urine  is  acid  from  the  presence  of  acid  sails, 
especially  acid  monosodiiim  phosphate  (PO,H,N:i).  The  latter  re- 
sults from  alkaline  disodtuni  phosphate  (PO^IINa,).  uric  acid,  hippuric 
acid,  sulphuric  acid  and  carbon  dioxid  each  taking  tip  one  atom  of  so- 
dium, so  that  the  phosphoric  acid  must  be  displaced  to  form  the  acid 
salt.  After  a  meat-diet  acid  ptitassium  plwjsphate  especially  causes  the 
acid  reaction.  Tli,ii  the  urine  contains  no  free  acid  is  shown  by  the  fact 
that  no  precipitate  takes  place  on  addition  of  sodium  hyposulphite. 

Nijdit-iirinf  exhibits  the  bixhi-st,  momiiiK-tirine  the  lowest  dcifrre  of  oodtty. 
Somctimc!i  the  rciction  of  the  morning- urine  is  alkaline. 

The  acid  ik-actiun  bccoine»  increa^d  after  ingestion  of  acids,  such  u  hydro- 
chloric acid  Mid  |3ho»plioric  ndd;  us  well  as  of  amnion ium- salts,  which  are  trans- 
ffirmcd  in  the  body  into  nitrio  at^iil ;  after  active  muscular  excrcwe;  after  a  milk- 
diet:  and  pathologically  in  ih"-  pr'-wnee  of  hjiHa-nciility  of  the  gastric  iuice 
The  absolute  elimination  of  acid  is  mcreased  by  marked  diuresis,  while  the  rewtivv 
elimination  i.t  dimini.ihed. 

The  acidit-v  of  the  urine  i*  lessened  and  it.^  reaction  may  even  lie  rendered 
alkaline:  (i)  &y  the  inKesiion  of  caustic  aJkalies.  alkaline  caftionatcs.  or  alkaline 
oalta  of  the  vegetable  acidA—thc  la^t  being  oxidized  in  the  body  into  alkaline 
C(iTbr>nntes.  (a)  By  the  jircM-'nce  uf  ralciuni  ur  moi^eMum  carhoi>ai«.  (3)  By 
admixtivc  of  blood  orpu»  of  alkaline  reaction.  (4)  By  draitia^-c  of  the  acid  gastnc 
juice  outside  the  body  through  a  fitiliila:  furth^T,  in  from  une  tij  three  hours 
after  digestion,  in  ons^quence  of  the  formation  of  acid  in  the  stomach,  (j)  By 
the  absorption  of  nllcahne  transud.itvs,  such  a*  serum  or  bluod.  <6)  In  con* 
sequence  of  profuiu?  M-eretion  of  i^weal  and  hot  baths.  If  the  furfnce  uf  the 
body  is  kepi  at  a  temperature  of  31°  C.  and  30  per  cent,  of  relative  humidity, 
alkiiline  unne  will  tx*  excreted  in  the  moniin^MioutK,  on  acrotmt  of  the  fixed 
alkaline  carbonates,  while  the  cvcnin^-urine  exhibits  a  stmmgly  Hcid  reaction. 

Sf)  The  urine  has  rarely  l>cen  observed  to  be  alkaline  in  anemic  persons,  from 
cliciency  of  ph'x^phoric  and  sulphuric  acids. 

The  reaction  is  tc.ilcd  by  raeann  of  strips  of  violet  litmus-paper,  which  become 
red  when  dipped  in  scid  iinnc  mid  blue  in  alkaline  urine.  In  order  to  determine 
Iho  degree  of  acidilv  of  the  urine  it  i^  necessary  to  kam  the  amoimt  of  sodium 
hvdroxid  re<|uired  to  render  exactly  neutral  the' reaction  of  too  cu.  cm.  of  unne. 
VcT  Ibis  piiqiow  a  solution  uf  sodium  hydroxid  is  employed  of  which  each  cuhic 
centimeter  contains  0.00.31  gram  of  sodiufn:  t  cu.  cm.  of  this  solution  noutralizee 
exactlyo.oo&jgramof  oxallcaeid.  From  a  graduated  buret  (Fig  14$)  ihcsodiutn- 
lolution  is  permitted  to  escape  drop  by  drop  iiitu  a  tx^aker  containinir  100  cu.  cm. 
of  urine,  with  constant  stirring,  until  violet  litnuis-p.iprr  nn  longer  bee omrs  cither 
red  or  blue.  Thu  amount  of  sodium-solution  in  cubic  centimeters  is  read  from 
the  scale  of  the  buret,  and  m  e«eh  cubit-  cenlimeler  ci>rn.ij><jnds  to  o.ooftj  gram 
cA  oxalic  acid,  the  amount  o(  oxalic  acid  that  is  the  efiuivaleni  r.(  the  acid  m  the 
100  cu.  em.  of  urine  can  be  rt-ndily  estimaterf.  The  degree  <if  acidity  of  the  urine 
is  therefore  expressed  in  terms  of  the  equivalent  amoimt  of  oxalic  acid  that  is 
fully  neiiirali/cd  by  tJie  same  amount  of  sodium  hydrate. 

The  urine  of  c.nmivnni  vanes  m  color  from  pale  to  golden  yellow.  It  has 
a  hi^h  specilic  gravity  and  exhibits  a  strongly  acid  reaction.  The  urine  of 
herbivora  tias  an  idkahne  reiiclion  and  thcrefi>re  exhibits  precipitates  of  earthy 
carbonntt-s  [so  that  it  cflervesees  on  addition  uf  acid)  and  nf  earthy  huic  pfao*- 
phatCB.  In  the  state  of  huneer  it  acquire*  the  character  of  the  urine  of  cararvora, 
as  under  tbcae  cunditions  tttc  animal  in  a  certain  measure  lives  upon  its  own 
tissues. 


THE    ORGA.VIC    CCNSTITUEXTS    OP    THE    URlSti. 


*75 


THE  ORGANIC  COITSTITUEITTS  OF  THE  URUTE. 

UREA :  CO{HH,)r 

Urea,  the  diamid  of  CO,  or  carbamid  must  be  considered  as  tho 
principal  end-product  of  the  oxidation  of  thetiitrogen-cnntaining  consti- 
tiients  of  the  body.  Jt  has  the  following  GXtrcmcly  simple  composi- 
tion :  I  iitoni  of  carbon  dioxid 
+  2  atoms  of  ammonia  —  i 
ntom  of  water.  It  cr^'stallizcs 
in  silky-glistening,  four-sided 
prisms,  with  ohhcjue  ends,  be- 
longing to  the  rhombic  syslcin 
(Fig.  14ft.  I.  3).  without  water  of 
crystallization ;  whun  rapidly 
crystalliued  it  forms  delicate, 
white  needles.  It  has  no  in- 
fluence upon  litmus,  is  odorless, 
and  of  a  feeble  bitter,  cooling 
taste  like  that  of  potaiisiuni  ni- 
trate. It  is  readily  soluble  in 
water  ,ind  in  alcohol,  but  almost 
insoluble  in  ether  It  is  isomeric 
with  ammonium  cyanatc.  from 
whicli  it  develops  on  evapora- 
tion through  atomic  displace- 
ment. Numerous  other  modes 
of  artificial  preparation  are 
kiiown. 

Hojitecl  in  a  teiiitwriituri--  above 
130°  it  is  (iccompowd.  wilh  thr  Jc- 
velopmcni  of  vapors  of  ammonia, 
and  leavint:  u  vitrcouit  mtisti  <if  ^riunrt 
and  hvdrocynnic  acid.  In  the  pm- 
cc»i  of  amnion iacol  pulrvfaction  and 
;»  a  ivjiitt  of  trciilnicnt  nitk  strong 
mintr.1I  acid*,  ')(  bmling  with  alka- 
line hytintt^'i!  nnd  of  hcniing  with 
water  at  a  tpmperatun;  of  no"  C. 
it  lakeii  ufi  two  atoms  ftf  water 
and  yirlils  ammomiHra  carbonate: 
CO{Nir,),  +  iH,0  =  C0(0N1I,^1. 
Brought  in  contact  with  nitrons  acid 
it  i.-i  dcc»mi><>si-<]  intii  witer.  car)»>n 
dioxid  and  niirugcn.  The  last  two 
fonna  of  dceomp'wilion  have  been  employed  for  tlie  quantitative  estimation  of  urea. 

The  anmmit  of  urea  in  normal  urine  is  between  a  .5  and  3,  t  per  cent. 
Adults  excrete  daily  about  from  30  to  40  grams;  women  less;  children 
relatively  more.  In  accordance  with  the  more  active  metabolism  in  the 
Utter,  the  amount  of  urea  furnished  by  the  weight-unit  of  the  child's 
body,  as  compared  with  that  of  the  adult,  is  as  1.7  to  i.  If  the  body  is 
in  a  condition  of  metabolic  equilibrium  almost  as  much  nitrogen  is 
eliminated  in  the  fonn  of  urea  as  is  introduced  into  the  body  with  the 

fowl. 

The  amount  of  urea  increases  with  the  amount  of  protcids  in  the  food, 
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as  well  as  with  the  degree  of  disintegration  of  the  nitrogen -containing 
tissues  in  the  body.  As  the  latter  is  increased  by  wiiliholdiiig  oxygen 
and  by  hemorrhage.  th«se  .'ilso  cause  oii  increase  in  the  aniouitt  of  urea. 
The  administration  nf  large  amounts  of  water— by  ninrc  thorough 
washing  out  of  the  tissues — and  niso  of  salts,  frequent  micturition  and 
exposure  to  compressed  air  likewise  increase  the  amount  of  urea.  In 
diabetics  who  partake  of  large  amounts  of  food,  the  amount  of  urea 
occasionally  exceeds  loo  grams  daily,  while  in  the  state  of  hunger  it 
falls  to  5.6  grams,  la  the  state  of  inanition  a  maximum  of  elimination 
has  been  observed  toward  noon,  and  «  minimum  toward  morning. 

Daily  variations  in  the  amount  of  urea  pursue  a  course  parallel  with 
the  amount  of  urine.  Three  or  four  hours  after  digestion  begins  the  forma- 
tion of  urea  reaches  its  maximum,  3ubse<iuently  falling  again  and  reaching 
its  minimum  during  the  night.  The  excretion  of  urea,  and  in  the  same 
proportion  that  of  the  total  nitrogen,  with  the  urine  is  materially  aug- 
mented in  consequence  of  increased  muscular  acti\-ity.     This  excretion 
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is  less  on  the  first  working  day,  as  o1>scrved  in  dogs,  than  on  the  second 
and  third,  but  it  is  still  increased  on  the  two  resting  days  succeeding 
the  work. 

P«ttaoto£ic«L— In  the  presence  of  acute  febrile  inflammatory  processes  and  of 
fever  in  |;encr^t,  the  excretion  of  urea  increases  to  ihc  height  of  tnc  moibid  process, 
in  aoociation  with  whicli  it  acnin  declines.  After  the  cessation  of  tbe  process 
the  excretion  is  often  subnormiU.  At  times  the  formation  of  urea  may  be  in- 
creftsed  in  association  with  high  fever,  but  the  excretion  may  be  cheeked  and 
retention  of  urea  take.<t  place.  In  the  further  course  of  the  disorder  the  eiKcretion 
may  be  Rrcntly  incrwiscfi.  In  chrtmic  di^ciiges  the  amownt  ol  urea  varies  with 
the  sute  of  the  nutrition,  the  metiibolism  of  the  patient  and  in  accordance  with 
the  height  of  the  accompanying  fever.  Dcgcncratn-c  disorders  of  the  liver,  as, 
for  incliincc,  fn>ni  phosphoms- poisoning,  ma/  be  attended  vritli  diminished  excre- 
tion of  urea  nnd  increased  excretion  of  omtnonia. 

SulxttarKCt  that  im-fcase  theproteid  disintcKration  in  the  body.as,  for  instance, 
■neoic,  antimonycumbinattous,  and  small  amounts  of  phosphorus,  increase  the 
formation  of  urea;  while  those  that  conserve  proleids.  as.  formstance,  quinin, 
diminish  the  prodtietion.  Increased  (ormntion  01  bile  in  the  h^'ergivei;  rise  at  the 
same  time  to  increased  formation  of  urea. 
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Urea  represents  th*  end-producl  of  the  metAbolism  o(  pn>t«ide.  Next  in 
order  there  <tand,  as  lower  st3f;es  of  oxidation,  uric  acid,  (^anin,  xanthin,  hypo- 
xanthin.  nllaxaii  and  nlldntoin.  Uric  Rcid  administi^cd  as  xirales  ap|>enr8  in  the 
urine  as  urea,  being  transformed  by  the  liver,  with  increase  in  the  £«cretion  of 
bite.  Muscle -extractives  have  the  same  eflecl.  and  in  general  increased  formation 
of  bile  is  altended  with  augmented  formation  o(  urea,  After  Hilministnitiun  of 
leucin,  slycin.  aspartic  acid  or  of  ammonium -salts  an  increase  in  the  excretion  of 
urea  l^cs  place. 

The  liver  is  the  principal,  but  not  the  sole  scat  of  the  formation  of 
urea.  The  correctness  of  the  supposition  of  Schmiedeberg  that  the  urea 
is  derived  from  ammonium  carbonate  throttgli  loss  of  water  was  deiuon* 
strated  by  v.  Schroder,  who  found  urea  in  large  amount  in  blood  to 
which  ammonium  carbonate  liad  been  added,  and  made  to  pass  through 
a  recently  removed  liver.  It  is,  therefore,  to  be  concluded  that  am- 
monium-comb  {nations  derived  from  nilroj;en-containing  tissues  as  meta- 
bolic products  pass  over  into  the  circulation,  through  which  they  are 
conveyed  to  tlic  liver  for  the  formation  of  urea.  The  organism  i.s 
capable  of  converting  considerable  amounts  nf  ammonia,  as,  for  instance, 
in  the  form  of  lactate  or  acetate,  into  urea.  The  liver  forms  tuea  also 
from  the  ammonia  in  the  blood  of  the  portal  vein.  In  the  metabolism 
especially  of  protcids  there  is  fonned  in  many  organs  by  oxidation  car- 
bamic  acid.  COjNH,,  which  likewise  is  transformed  principally  in  the 
liver  into  urea,  and  also  the  amido-acids.  If  acids  are  taken  into  the 
body  before  the  ammonium-combinations  are  transformed  into  urea, 
there  result  ammonium-salts,  with  a  corresponding  reduction  in  the 
amount  of  urea  in  the  urine.  Under  pathological  conditions  the 
urea-forming  activity  of  the  liver  may  be  diminished. 

After  extirpation  of  the  liver,  the  urine  no  longer  contains  urea,  and  lilcevrUe 
after  exclusion  of  the  hepatic  circulation,  but  on  the  other  hand  large  amount* 
of  ammonium- salt*. 

Eclc,  in  the  dog,  diverted  the  blood  oJ  the  portal  vein  directly  into  the  inferior 
vena  cava,  by  establishing  an  artihcial  communication  between  the  twa  vessels, 
and  then  lifiated  the  portal  veui  close  to  the  liver.  The  dog^t  were  sL-ii^ed  with 
severe  ni-rvous  attacks  and  canvuliion*.  A».  accordinKlu  v,  Schroder,  ammonium- 
salts  are  transfonncd  in  the  liver  into  urea,  this  transformation  is  thus  almost 
wholly  prevented,  and  the  substances  named  now  exert  a  toxic  effect  upon  the 
nervwus  system. 

By  injection  of  a  (t.t  per  cent,  solution  of  itul|>huric  acid  into  the  bile  duct, 
io  the  dog,  all  of  th*  livtr-ecIU  became  ntorotic,  and  the  animal  died  in 
one  or  two  days  with  wgns  of  prosiration,  mental  derangement,  loss  of  sensibility, 
central  narcosis  an^l  fmally  convulsions.  From  this  it  has  been  concluded  that 
the  liver  servex  the  punxwe  uf  convening  a  toxic  metuboUc  product,  carbiimic 
acid,  into  an  innocuous  one.  uira. 

In  birds  the  liver  thus  produces  the  largest  amount  of  uric  acid  from  the 
ammonium  supplied.  As  bink  ruadily  tdli-raiv  ablation  of  the  liver,  Minlcowsld 
obawTved  after  this  operation  reduction  in  the  amount  of  uric  acid  and  in- 
crease in  the  amount  of  ammonium-ealts  in  the  urine. 

Urea  is  present  in  the  following  ptirtauf  the  bodv;  Blood  (i  :  i«,eoo}:  lymph, 
chyle  (a  :  t.ooo):  liver,  lymphatic  glands,  spleen,  fungs,  brain,  e>-e,  bile,  laUva, 
amniotic  Huid;  by  SchdndorfT  it  wai  found  in  the  muscles  and  tiuf  cryihroc>t«a 
and  in  almost  .-ill  of  the  organs  of  the  dog:  besides,  patholo^catly.  in  th*  sweat, 
at.  (or  instance,  in  cases  of  cholera,  as  well  as  in  the  vomitus  and  in  dropsical 
Huids  of  uremic  piitienl;^. 

The  preparation  of  urea  can  be  accomplished  directly  from  do^'  urine,  after 
gcncnni-i  fifilirii;  with  meal,  the  lluid  being  evaporated  to  a  syrupy  consiatcDcy, 
extracted  with  alcohol,  the  tiltercd  cxirtu:t  ii^mi  evaporated,  the  cryetals  thus 
separated  freed  of  the  adherent  extractives  by  means  of  alcohol  and  then  dis- 
solved in  absolute  alcohol.  Filtration  is  practised  a^nin  and  evaporation  is  per- 
mitted to  take  place  until  Cf^'atallixation  occurs.     .\  given  volume  of  human  urine 
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(s  evaporated  Co  one-siAlh  of  its  ori|[i»al  vohimc.  b  reduced  to  a  temperature 
of  o"  iMid  an  cxccks  o/KlnmE,  pure  nitnc  acid  i«  added.  Urea  mtratc contuniiiiated 
with  colorinc-niattcr  is  precipitated.  The  precipitate  is  hltcrcd,  expressed,  dis* 
solved  in  a  liUl«  Wilin^-^'atcf,  mixed  with  tintmal  charcoAl  for  tUc  removal  of 
t!i«  coloriiic-nmttcr.  and  liU«(vd  hot.  On  coohnf-,  deccluriicd  crj-stals  of  urea 
nitrate  separate  frftm  the  tiltratc.  These  arc  again  disBolved  in  hot  water,  and 
Itiirinm  car!ionat*-  is  added  so  long  as  pffcrvesccncf  takpK  place.  Hahum  nitraltf 
and  free  una  are  thus  formed.  Evaporatiun  to  dryness  i>  now  practised,  fol- 
lowed )<y  (.-xh.iiti^iiuii  with  alMotute  alcohol,  filtration  and  evaporation,  after  which 
the  urea  K|>jr»U-:;  in  crxslalj. 

ComblnaliODft  of  Urea.  -Urea  is  capable  of  entcrinj;  into  combination  vrith 
acids,  us  iiitnc.  d-xjIic  or  phosphoric,  or  with  liaace,  or  wiih  salt:i,  as  sodium 
chlorid.  mercuric  nitmtc.     The  most  important  conibinatiima  ure: 

I,  l/tfa  Hitrale:  CH,N.O,NO,H,  whose  mode  of  preparation  Ironi  the  urine 
has  just  becmlescrihed,  The  preparation  of  urea  nitrate  is  employed  with  advant* 
age  for  the  microscopic  demonstration  of  urea.  If  there  arc  but  a  few  drops 
of  watery  Iluid  in  which  the  presence  or  urea  is  fiuKjieeied— and  this  mustt  be  bo 
pre  pa  rwl  that  I  he  urea  present  is  in  concmlmteit  wati-ry  «t>hitior — -jnedropof  this 
lluid  is  placed  upon  a  glass  slide,  a  thread  is  laid  through  the  middle  of  trie  drop 
and  over  both  is  placed  a  caver-slip.  From  the  cxtremitv  of  the  thread  a  drop 
of  concrntratcd  nilric  ncid  is  penniltcd  to  find  its  way  Iicnealh  the  covcpalip. 
The  chariictcriiilic  cr>-sta1&  appear  upon  either  side  of  the  thread  (I'is-  146,  .;,  4. 
5.  6).  Urea  nitrate  is  readily  soluble  in  water,  soluble  with  dilbculty  in  water 
acidulated,  with  iiitnc  ;icid.  Less  commonly,  when  e^^'«talIixation  takes  place 
slowly,  it  ^-ields  six-sidcd  prwnw. 

»'.  .]ffrcuri^-nitrau  urea  is  obtained  in  the  form  of  a  while,  choesypTccipitate. 
when  mercuric  nitrate  is  introduced  into  a  solution  of  urea.  If.  on  the  develop- 
ment of  the  precipitate,  ihc  nitric  acid  Ret  free  is  neutralised  bv  «odiuni  carbonate, 
all  of  the  urea  cvenlnally  combines  with  the  mprctiric  salt.  When  this  point  has 
been  reached,  all  excess  of  mercuric  nitrate  gives  rise,  on  addition  of  sodium 
cartionatc,  to  the  production  of  sodium  nitrate  and  yellow  basic  mercuric  carbo- 
n:il«.     The  titration- method  of  J.  v.  I.iebi);  for  urea  itt  baied  upon  this  reaction. 

QUALITATIVE    AND    QUAnTITATIVE    ESTIMATION    OF    UREA. 

The  qiulilalire  estimalioa  of  urea  aims  (1)  at  the  pregiarjition  of  thismihwtance 
directly  a.s  Mich,  If  its  pn^  ncc  be  suspected  in  an  albuminous  iluid  mixed  with 
blood  or  pus.  the  (oliowmg  course  is  pursued:  Tlirec  or  four  times  its  volume  of 
alcohol  are  added  to  the  fluid,  and  liltration  is  practised  after  the  lapse  ol  aeveml 
hours.  The  tiltrate  is  evaporated  over  the  w.xier-bath,  and  the  residue  is  di»- 
solved  in  a  few  drops  of  water.  (3)  This  a(]iieoius  Rohition  is  employed  for  tbe 
microchetnic  preparation  of  un?-a  nitrate,  which  has  important  diagnd«tic  signifi- 
cance. (1)  By  means  of  a  solution  of  sodium  hypobiumite.  the  urea  in  the  fluid 
Kubmitled  10  examination  is  decomposed  into  carbon  dioxid ,  water,  and  nitrogen. 
The  nitriiRcr  rises  in  the  mixture  in  the  form  of  small  bubbles.  The  Kaop- 
Uubncr  method  of  quantitative  cstiniatton  is  based  upon  this  reaction.  (4)  A 
cr>'Stal  of  urea  is  cautiously  fuwd  in  a  dry  teat-tube,  and  yields  an  odor  of  am- 
monia. On  cooling,  it  is  dissolved  in  n  small  amount  of  water,  and  sodium  hy- 
drate, togi-thor  with  onp  drop  of  dilute  copper  sulphate,  is  added,  with  the  develop- 
ment of  a  red-cnlor— hjiirci-reaction. 

Quaniitalive  estimation  of  ii»«  io  tb«  luiae,  aocoirding  to  the  method  of 
Momer  and  SjOqvist: 

To  3.5  cu  cm.  of  Mrmc  arc  added  a,;  cm.  crm.  of  baryta -mix  lure  (i  voltinw 
of  a  cold  saturated  solution  of  barium  hydrate  and  >  volumes  of  cold  saturated 
Inrium  nitrate)  and  75  cu,  cm.  of  ether-alcohol  (llie  alcohol  must  be  Toper  c«nt.). 
The  mixture  is  prrserved  for  a  day  scaled.  It  is  now  liltcred.  and  the  lilirate. 
which  conl.iins  of  the  nitrogmotis  substances  only  the  urea,  is  evaporated  at 
a  tviupcralure  of  5^"  C.  after  the  addition  of  0.5  ^^ram  of  itiaKnesium  oxid. 
After  the  addition  o{  re  cu.  em.  of  ittlphuric  acid  it  is  further  evaporated  upon 
a  boilinjj  wntcr-bnth.  until  no  further  reciuetion  in  voliinic  tnltes  place.  Tnen 
it  is  placed  in  n  Kjeld.'ihl  tmiling-Hask.and  thu  examination  is  continued  according 
to  the  Kjeldahl  melliod. 

The  met.hotl  of  Kjeldalil  is  rm[>lo^d  fnr  the  itttmation  of  the  total  amdniit 
of  nitrogen  In  the  urio*.  It  is  based  upon  the  fact  that  all  of  ihr  nitrogen  is 
transformed  into  ammonia,  and  this  is  estimated  (|uaiitil«tivcty.  Five  cu.  cm. 
of  urine  of  moderate  concentmlion  are  measured  by  means  of  a'  pipet  and  intfD- 
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ducrtl  into  a  flast:  havtii^  a  ci^iacity  of  about  rao  cu  cm.,  vith  so  cti.  cm.  nf 
pure  English  sulphuric  acid  Ccoone  liter  of  which  aoo  grams  of  phosphoric  anhydrid 
are  aitilfdi,  and  one  drop  of  mclallit  mercury;  and  this  is  boiled  over  the  sand- 
both  until  the  lluid.  which  M  fini  vms  dark,  is  entirely  0(^C(lIorited.  On  coolinc. 
ihc  rtviid  ii  rinsed  wiih  nliout  aoo  cit.  cm,  of  water  into  n  fliisk 
having  a  capacity  of  half  a  liter,  and  loo  cu.  cm.  of  sodium  hy- 
dnitv  (of  a  sp.  er.  of  1.34).  a  (vvt  cu.  cm.  ut  an  aquuuus  solution 
of  potftssiujii  sulphid,  nnd  some  powdered  zinc  are  added.  The 
t\A<i\<  is  thm  ipiirkiy  Hnwd  with  a  i(toj![KT  and  the  nrntniinin  pet 
free  is  distilled  into  a  receiver  containing  50  cu.  cm.  of  one- 
t«»ih  rorinul  sulphuric  acid.  The  extrwniiy  of  the  tube  (rora 
which  the  iimiiicinLi  racapi-K  muttC  U-  immcrwrd  in  the  normal 
Iphuric  acid  In  order  to  dcicrminc  whether  all  of  ihe  am- 
_oniii  li  present  in  the  re<xivcr.  the  stopper  of  the  receiver  Is 
*T»llTl'Tntly  removed,  a  strip  iif  lit.muK-paper  is  placed  \>y  means 
cl  m  {Mir  ol  forceps  in  front  of  the  uibe  C4>nvcying  the  ammonia. 
and  JlOtt  is  made  whether  the  esriiptiiE  ilistillale  cnusea  llie  strip 
to  turn  hlu*.  The  amount  of  suiphurie  aciH  in  the  reeeivor  not 
satumted  by  nmmomin  w  dc-ti-rminod  by  titration  with  one-tL-nth 
normal  siMlmtn  hydra ic. 

According  to'  ffluger  and  Bohlnnd.  the  amount  of  nitro^n 
in  the  urine  can  be  estimated  approximately  by  the  following 
simple  mcthcKl:  To  10  cu.  cm  of  urine.  \Ae\n)t'*  urta-titralinR 
solution  is  added  from  a  hurct.  and  the  mixture  is  tcsicd  upon 
&  dark  glass  plate  with  sixiium  hicarbonalc  drojt  by  dnii.  as  in 
the  CBtimation  of  urtra.  If  the  stirred  stain  remainii  yellow,  the 
nunil>cr  of  cubic  centimeters  of  litration-tluid  cmploj-cd  if  niul- 
tiplicij  byo,o4  and  in  this  w/iv  the  percentage  of  nitrogen  prewnt 
is  obtained.  The  total  amminl  ol  nitrogen  in  the  urine  is  10  the 
nitrogen  in  the  urea  apprii.vimately  av  5  10  4. 
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Next  to  urCa,  the  greatest  amount  ol  nitrogen  is 
eliminated  as  uric  at-id,  namely,  0.5  gram  in  34  hours 
(in  the  state  of  hunger.o.J4gram;  after  a  generous  meat- 
diet,  a.  1 1  grams).  The  amount  of  uric  acid  is  to  that  of 
urea  on  the  average  as  i  to  4fi,  though  with  many  varia- 
tions.  In  the  mammahan  body  the  uric  acid  is  formed 
from  the  nuclein  of  the  disintegrating  leukocytes.  With 
increase  in  the  latter,  there  is  incTease  in  the  .-jmount  of 
uric  acid  formed.  Ingestion  of  nuclein — as.  for  instance,  after  the  eating 
of  thymus  gland — increases  the  number  of  leukocytes  in  the  blood  and 
the  excretion  of  uric  acid.  Xanthin-bases  (guanin,  xanthin,  hypoxnn- 
thin)  occur  in  the  intestines  as  products  nf  the  digestion  of  nucleins.  If 
they  be  increased  in  amount,  an  increase  in  the  amoimt  of  uric  acid 
results. 

In  birds,  reptiles  and  intcctn, uric  acid  is  the  principnl  nitrogenous  oxercinenti- 
tious  prcwliict;  while  it  apiH-are  iti  but  small  amount  in  the  urine  of  herbivora. 

The  product.^  of  the  deeornpomion  of  leultocytes  preteni  in  sur\-n.*inf;  spjijnic 

Kip  (nuck-inl  yii'ld,  when  treated  with  frtsh  liltioil  at  the  tenipi-niture  of  the 
riy.  .-m  .-ilrtuuliiiice  iifnric  acid.  loKTther  with  xanthin  and  hypoxaiithin.  Also 
the  nuclein  of  tlic  niiclri  of  many  other  tissues  has  also  shown  ilsctf  to  lie  a  source 
oi  uric  acid.  In  addition  to  uric  acid.  xaiilhin-lMKlitrs  arc  formed  in  the  same 
way.  When  nnimal.i  are  fed  with  nticleintc  acid  and  hypoxanihin,  the  elimination 
of  uric  acid  is  increased. 

Uric  acid  fid  to  msiminala  passe?  into  tb*  urine  in  part  further  oxidized  into 
urea,  tOROther  with  an  increase  in  the  amount  of  oxahc  acid.  In  hens  there  i» 
increascu  elimination  of  uric  acid  after  the  administration  of  leucin,  giyein, 
nspartic  acid,  hypo.xanl.hin,  or  ammonium  carbonate  The  tirea  administered  to 
hens  IS,  however,  eliminated  chiefly  reduced  to  uric  acid. 
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Uric  acid  is  tUbasic.  tasteless,  odorless,  anrl  coloricss.  soluble  with 
greal  difficully  in  water  (in  15.000  parts  of  wami.or  18,000  parts  of  cold 
water,  though  in  3,000  parts  of  a  2  per  cent,  solution  of  urea),  insoluble 
in  alcohol  or  ether.  It  cT>'StalUzes  in  various  fonns  (Fig.  148).  the 
basic  type  of  which  is  the  rhombic  plate  (i)-  Enlargement  of  the  op- 
posed larger  angles  causes  the  formation  of  the  whctstonc-shape  fre- 
quently observed  (2).  If  the  longer  sides  of  the  latter  are  flattened, 
six-sided  plates  result.  Large,  golden-yellow  crystalline  rosels  (6,  8) 
often  separate  spontaneously  from  diabetic  urine.  I'recipitated  by 
addition  of  hydrochloric  acid  (35  cu.  cm.)  (o  urine  (one  liter)  or  of 
acetic  acid,  the  crystals  usually  assume  the  fonn  of  a  barrel  (9)  or  a 
bundle  of  spears  that  are  tinged  brownish  violet  by  adherent  urea. 

Uric  acid  is  reodily  lolubic  in  alkaline  carbonates,  borates,  phosphates,  lact^tM, 
and  acetates.  Removini;  .1  portion  of  the  base  fit>ni  che«e  salts,  there  result. 
on  th«  one  hand,  acid  urates;  and  on  the  othor  hand,  arid  salts  from  the  neutral 
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nit*.    Among  alkalies,  lithium  (citrate)  is  eapeetally  notevorthy  as  a  solvent  of 
uric  acid. 

According  to  v.  Noorden  and  Straiua,  a  favorable  compowtion  of  the  urine 
will  be  obtaini'd  if  caJciiun  carbonate  or  calcJum-ialts  of  the  vegetable  acidi  (from 
1  to  10  KT^ms)  arc  nrlimiiiBtercil.  Phosphoric  add  leaves  the  Dody  in-ith  the  cal- 
cium through  the  intcsti»L-.s.  In  consequence,  the  monofiudiiim  phosphate  in  the 
uriue  i«  diininL&lied.  as  it  gives  up  the  phosphoric  acid  and  thus  disodium  phos- 
phate r«aulla.  Thu  laltvr,  ho»-«vcr,  is  capable  of  divsolving  uric  acid,  inannuch 
OS  sodium  urate  nnd  niono«ndiutn  pho«f>hate  are  formeil.  Urie  acid  is  i^luble  io 
concentrated  mlphuric  acid,  from  which  tl  is  rcnrecipitat^d  by  water.  I'luint^e 
oxid  con\'cn«  it  into  urea,  allantoin.  oxalic  acia  and  eartKjn  dioxid:  ozone  pro- 
ducer the  &ani«  sulistaiic^s,  together  vrith  alloxan.  Reduced  bv  hydrogen  in  a 
nascent  stair,  xanthin  and  sarcin  are  produced.  K orbacEewnVi  has  prepared 
uric  acid  synthetically  by  fusing  one  part  of  glycin  and  seven  parts  of  urea. 

In  the  urine,  the  uric  acid  is  dissolved  principally  in  the  form  of  acid 
sodium  and  potassium  urate.     These  salts  are  present  also  in  urinaiy 
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sadlinfads.  urinar>'  sand,  and  urinary  calculi.  Ammonium  urate  is  con- 
tained in  iateritiouB  sediment  in  but  small  amount,  being  formed  in  large 
amount  only  as  a  result  of  ammoniacai  decomposition  of  the  urine  (Fig. 
154).  Free  uric  acid  occurs  in  normal  urine  only  in  the  smallest  amount. 
It  is,  liowBver,  not  rarely  precipitated  subsequently  on  standing  (Fig. 
153).  and  it  is  present,  lurther,  alwj  in  urinary  sand  and  calculi.  De- 
ficiency of  neutral  phosphates  in  the  urine  favors  the  formation  of  uric- 
acid  sediment, 

The  urine  of  the  new-born  is  rich  in  uric  acid  (uric-acid  infjirct  of  the  kidneys). 
The  uric  acid,  toother  with  its  sslU,  is  incrcnMid  by  mnikcd  miiscvlar  activity 
aticTidi-d  Kith  pcrspiralion ,  also  in  the  presence  of  ciitarrhul  and  riicunwtic  fevers 
and  siicli  as  are  .ittcudfd  with  il'.-raiigMiient  f(  respimtory  activity;  fuiihw,  in 
CAScn  ni  Icultemia  with  incre^t'd  l«i!f«cyte-<luttniction  and  splenic  tumor,  grAnular 
liver:  and.  hnally.  C|wite  gcncmlly  in  connection  with  gasTnc  and  intestinal  c&tarrti 
following  excessive  indulgence  in  alcohol,  after  generous  ingestion  of  cheese  and  salt 
fisb  or  null  m«;it.  after  a  dmi  nisi  rat  ion  o(  glycerin,  iuid  a  diet  containing  niiclrin. 
liypoxanlhin  fed  to  binln  1*  elimiri»tril  in  p.in  tnin^fornied  into  uric  acid. 

The  amount  of  uric  acid  is  diminished  after  generous  ingestion  of  fresh  fruits 
(strawberrica.  chcmcfl,  giapcs)  or  of  quinic  aciJ  cr  alkaline  aolta  of  the  vegetable 
acids  coiitainci]  in  Iheni;  further,  after  hot  brith^i  also  after  injfcstion  of  proteids 
in  large  amount  and  after  the  ndioinistration  vt  caflein,  potassium  iodid.  sodium 
chJerid,  sodium  carbonate,  lithium  carbonate,  sodium  sulphale,  inhalAtions  of 
oxygen,  (tentlc  muscular  exerciec,  though  not  after  copious  ingestion  of  water.  In 
ciuc«  of  gi>ut  in  which  uric  acid  is  deposited  in  the  gouty  nodules,  its  ehmination 
IS  slight.  In  tht  prenvnce  of  chronic  u}i1t-nic  tumor.  aiiRrnin,  -.uul  ehloniKis.  it  is 
diminished,  particularly  if  no  R-spiiatory  disorder  is  at  the  same  time  present; 
and  liRcwise  m  casci  of  epilepsy  in  advance  of  an  attack. 

The  Urates. — "With  various  ha-ses  uric  acid  forms  principally  acid 
urates,  which  are  soluble  with  difficulty  in  cold  water  and  readily  in 
hot  water.  Neutral  urates  are  transfontied  by  carbon  dioxid  into  acid 
salts.  Hydrochloric  and  acetic  acids  dissolve  the  combinations  and 
the  uric  acid  separates  in  the  fonn  of  cr>'stals. 

Acid  sodium  urate,  sodium  biuraie,  has  a  neutral  reaction,  and  ap- 
pears as  a  uratic  sediment  (lateritious  sediment)  generally  of  a  brick- 
red  cxdor  from  uroerythrin  (according  to  Hop]»e-Seyler  from  urobilin) — 
less  commnnly  it  is  between  light  gray  and  whitish  in  color — in  the 
presence  of  catarrhal  digestive  disorders  and  of  rheumatic  and  febrile 
alTections,  Microscopically  it  appears  as  amorphous  granules  [Fig. 
153,  6).  Tbc  sediment  is  dissolved  by  heating  the  urine.  Mot  rarely 
the  sediment  contains  also  the  potassium- salt,  which  is  entirely  similar 

,'lcicf  ammonium  urate  is  soluble  with  difficulty  in  water,  is  always 
present,  as  a  sediment,  in  ammoniacai  urine,  appears  in  reflected  light 
in  llie  form  of  yellowish  spheres  of  thorn-apple  or  moniing-star  shape — 
in  transmitted  light  of  a  darker  color — and  is  frequently  accompanied 
by  triple  phosphates  (Fig.  1$^,  a). 

Acid  sodium  urate  and  acid  ammonium  urate  are  recognized  by 
the  separation  of  free  uric-.acid  crystals  in  microscopic  preparations,  after 
addition  of  a  drop  of  hydrochloric  acid. 

Acid  cakium  urate,  occasionally  present  in  urinary  calculi,  is  a  white 
amorphous  powder  soluble  with  difficulty  in   water.     Fused  upon  a 
platintmi    plate,    it    leaves   a   residue   of  calcium    carbonate.     Rarely 
magnesium  urate  occurs  in  urinary  calculi, 
3> 
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QUALITATIVE  ASD  OUAHTITATIVE  ESTIMATIOH  OF  URIC  ACID. 

QiuUtatiTC  EstunatioD.  — i .  Tlit-  »Hicroiti>pic  JcmiyKstr,iii^n  of  uric  add  and  the 
urates  ts  ha&Kd  upon  tin:  churucttnsticx  that  Iikvc  \>txn  Uc>cnlKd.  Uric  acid  is 
precipitated  (rom  iirinp  by  additif"!!  qI  acetic  or  hydrochloric  acid, 

1.  Th«  tftufextd  wst  '  Uric  ac»d  or  urates  .irr  heated  in  a  sfa&Ilow  digh  with 
nitric  acid  at  a  low  lemperatufc.  Decani poiitioa  take*  place,  with  the  dev-el 
ment  o[  a.  vcllow  rotor.  Mt(n)««n  and  cnrbon  diuxid  uKcajie,  while  iir«9  ttm 
-alloxtin  (C.tl,X,Ot»  rpTnain  Iwnimi.  Kviiporatiun  is  now  caulinusly  carried 
furthtr.  and  tiip  resulting  yellowish-red  slain  is  permitted  to  cool.  The  addition 
of  a  drt'ii  of  dilute  aminuiiui  [irtHluceft  n  pur])lc>n;d  colur  (inurcxid  v  amnioiiium 
purpuraic:  alluxiiniinnmid).  7'his  red  color  becomes  blue  on  further  addition  of 
poia&fium  hydrate.  If.  at  the  outset,  potossiuni  or  sodium  hydrate  is  added  to 
the  Mjiin,  iuHtcad  of  aiiuiKfiiia.  a  violet  ctilur  results. 

.;.  If  upon  a  atrip  of  tilt«r<pnpcr  saturated  with  a  solution  of  silver  nitrate 
is  drop[K.-d  uric  acid  i>r  ufiitu  diiM>Iv<:d  in  nn  nll^Alinc  carhonalc,  a  bloclc  stain 
a,t  once  .ippcarB  tlirough  retluction  of  the  silver, 

Qu8DUtativ«  Bstimatton.— I.  The  Miethixl  a)  Hopkins,  by  mcaDs  of  which  the 
uric  acid  ik  prvcipttuied  as  aimnountin  urate.  If  loo  cu,  cm.  of  urtue  are  [hor- 
KKighly  satiirnled  with  iiniinoiiiuni  chlorid  (alimil  jo  fcranu  arc  nceewwrjO.  all  of 
the  uric  acid  is  prccipitnteel  as  ammonium  urate,  particularly  if  some  ammonia 
is  added  litsidcs  After  the  lapse  of  two  hours  the  p«-cipitaic  iseollocud  upoa  a 
filter,  when;  it  i.-t  wabhed  M.-vera]  limr^  witli  a  siiluriited  ttnlution  of  ammoniam 
chlorid  The  preeipitatc  i>  iir>w  rinsed  frum  the  tiltcr  w-iih  boiling  water,  and 
exposed  I»^  the  nctmn  of  hydmi^hlorie  .icid  with  heat  The  uric  acid  that  MpA- 
rates  is  eollccled  upon  a  dry  liltcr.  and  is  again  dried  and  weiehed. 

s.  The  mtlkoJ  iff  SaUihvJski,  modified  by  E.  Ludwtx.  t«  lutsed  uj>on  the  pre- 
cipitation of  the  unc  acid  by  tjlvrr  »itr«te  and  its  subeciiucnt  6r|>arati(m  and 
weighing  The  following  solutiors  arc  necowary:  A.  Tncnty'six  grams  of  silver 
nitrate  dissolved  in  water,  and  admixed  with  ammonia,  mud  complete  solution 
talces  place;  then  additi<in  of  nitler  to  make  i  liter,  B.  MajniCKia-mixturc:  too 
grams  of  crystallized  m<iKT><'»)um  chlond  diitaolvcd  in  water:  ammonia  added  until 
a  strung  odi>r  is  developed;  then  ammemium  cldurid  to  the  solution;  and. 
fiaallv.  addition  of  water  to  iiuike  i  liter.  C.  Ten  gram*  of  pure  sodium  hydrate 
dissolved  m  I  liter  vi  xvater  Onc-hnlf  of  lhi«  ■(  completely  saturat«d  with  (lydro- 
gen  Bulphid,  and  then  both  haKvs  are  mixed. 

.W.icf.'  Sf  l'roCl•dur^  ^<}r\e  hundred  cubic  centimeters  of  filtered  non-nlbumin- 
oux  urine  (if  necessary  freed  of  albumin  I  are  nlaeed  in  a  lienkcr.  In  another  glass, 
lo  eu.  cm,  of  the  solution  A  an  mixed  n-ith  to  cu.  cm.  of  the  solution  B.  aod 
ammania  is  added,  if  necessary  also  ammonium  chtorJd  to  the  point  of  complete 
si.-iluraii'"i-  This  solution  is  pound  niili  stirring.'  into  the  urine,  and  the  mixtun 
is  pcmtilte-1  to  .stand  [or  one  hour.  The  precipitate  is  then  collected  upon  a 
filter,  is  washed  with  water  containing  ammonia,  and  is  brought,  by  means  of  a 
pipette  and  a  glass  riid,  v,it!nnit  injury  lo  the  tilter.  back  again  into  the  beaker. 
Now  to  cu,  cm,  of  the  soUition  C.  oiluted  with  to  cu  cm,  of  water,  arc  heated  to 
the  boiling-point,  and  this  nolution  is  passed  through  the  used  liltcr  into  the  beaker 
which  contains  the  MhTr-piweipilaic;  the  filt^T  is  then  washed  with  hot  water, 
and  the  beaker  is  heated  for  some  time  over  the  water-bath  with  stirring.  On 
cooling,  the  solution  is  littered  into  a  di«ih;  the  t~ilt<-T  ts  washed  with  hot  water; 
the  tilirate  i,s  acidulated  i\ilh  hydrorhhiric  arid;  and  the  product  is  evaporated  to 
about  I ;  cu.  cm.,  when  15  drops  of  hydrijchloric  acid  are  added,  and  the  solution 
is  pcnnittcd  to  et.nnd  for  twenty-four  hours  The  uric  acid  separaicd  out  is  col- 
lected upon  a  previou.ily  weighed  (titer,  washed  with  water,  alcohol,  ether,  and 
bydrM:cn  sulphid;  dried  at  a  icmiteraturc  of  100^  and  weighed.  I-'or  cvciy  to  cu. 
em,  of  (be  watery  liltrote.  o  0004N  gram  of  urie  acid  are  to  W  added, 

KREATINIR,  XARTQ  Iff -BASES,  OXALURIC,  OXALIC,  AND  UIPPURIC 

ACIDS. 

Kreatinin  (C,HoN,0,)  is  derived  in  part  from  the  krealin  present  in 
the  muscles  by  loss  of  w-iter,  nnd  in  jxirt  from  the  meat  in  the  food.  Its 
amount  daily  is  from  0.6  to  i.j  gmms. 

The  amount  of  kreatinin  Is  dioiiniahod  in  cases  of  progressive  muscular  atroplijr, 
of  tetantis,  and  of  marantic,  anemic,  or  paralytic  condiltMis  of  the  musculature. 


KREATIXIX,    XANTIIIX    BASES.   OXALUKIC    AND   OXA4.1C   ACIDS.       4S3 

It  is  increased  particulftriv  hy  greatly  ftugmcnUtd  muscular  activity,  »fler  tbe 
tBg«stion  o(  food  fifrh  in  nitrngcn.     It  is  wanting  in  t)i«  urine  of  infants. 

Krvatitiin  >ieldK  an  ailcalinc  reaction,  is  readily  soluble  in  WKter  and  in  hot 
alcoliu).  and  it  forms  culorics*.  obliqiie  rtiumtiic  calumnK.  U  combines  with  acids, 
biit  al«o  will)  iialts.  Krcatinin-sinc  clilond  is  prepared  for  the  detection  of  kre«- 
limn. 

Ofiii'itUriitii.'n  ^A  few  ilrtija  of  :i  aliKlitly  brown.  watcr>-  itolutinn  of  sodiiim 
nitrc^russid  and  then  (Lilutc  x^^diuni  hydrAte  added  to  s  cu.  cm.  of  urine  cAuec 
a  Burgundy-nd  otor  that  (■cxm  diuippcArx.  Addition  of  ncetic  acid  cHanK^s  the 
color  to  yvllow.  Aci-lono  yields  a  aimilnr  rcactif>n,  though  in  the  caw  of  this 
sutMtimoe  the  red  colijr  buome*  still  darlcur.  altnoct  puryile,  after  addition  <tf 
MOtic  ncid,  Acctonv  can  limt  !«•  dri%vn  olf  frtim  the  ttrire  by  boihng,  and  then 
the  reaction  0/  krc^tinin  is  certain. 

Xanibln-bases :  Alloxurlc  B«s«i.— Under  tbe  nameii  xantliin-baseti  <ir  nnclein- 
bases,  or  nlloxnric  ha.'tts.  arc  curnj>ri*c<l  a  jc^oup  of  budie*.  iiidmbni;  xanthin. 
bypoxanthin.  ndenin.  guanin,  carnin.  which  nn:  related  genetically  to  unc  acid, 
and.  tdgether  with  it,  arc  also  designated  alluxuric  bodies.  The  motbcr-suliounce 
of  all  alloxuric  bodiea.  including  uric  acid,  i*  purin  (CiN.H,).  from  which  arc 
derived:  h>^^Dxallthm.  as  oxy|iurm;  xunthin.  lu  diuxypurin^  uric  acid,  as  IrioX)'- 
pvirin;  adenjn,  nn  G-ammopurin:  Kunnin,  as  >-atnino-6-oxypwrin.  By  the  en- 
trance o(  one  methyl -grotip  into  the  xanthin-tnoleculc,  then  result  t>i«  isomers, 
i-m«thyl-"canthin,  j'-methylxanihiii.  p-mulhylxanihin  (heteroxaathiul.  If  two 
methyl-urouiui  entiT.  thcrir  xrc  foniu'd  iheuhroinin.  paraxanthin,  and  thuophyllin. 
If  3  metiiyl-groups  enter,  caflein  lis  fonntd. 

Salomon  aiiJ  KrQgtr  (ounii  in  the  urine  hypoxnnthin.  .\aiithin.  adcmn,  hctcro- 
xanthtn,  para x;int bin,  i-mcthylx«nt1iin,  7'metliyl|cuanin;  and  <if  the  forc;(oin^, 
rujjcctivcly.  in  10,000  liters  uf  urine.  K.j  ^ranu,  19.1  Kroitw,  3,5  gnuns.  aa,3 
paou,  15.J  gmnis,  31.3  grams,  j.4  grams. 

Alloxuric  baM«  aro  prejiarcd  from  the  urine  as  eonibinil  icn6  wiih  ulver  c>r 
cwppcr,  anil  th«ae  art  decomposed  by  hydrojTcn  siilphid.  The  crude  hoKL-s,  treated 
with  dilute  hydnschbiric  aria,  exhibit  vavj'ing  solulnhly.  The  vegvinble  alkaloids 
of  coSee.  tea',  and  cocua  are  the  antceeilents  of  hetcroxanthin  Paraxanlhin  is 
derived  frijiiicifEein.  Studies  of  ilie  .alloxuric  bodies,  therefore,  are  of  value  t«ily 
•fterprotracied  abstinence  from  the  iH-vcrancs  named, 

Xluittiia,  CJI.N.O,.  is  present  in  small  amounts  only:  according  to  E.  Sal- 
kowKki,  it  mtiy.  hiiwevcr,  under  some  circumsiancca,  bt  as  much  aa  onc-ciKbth 
of  the  weight  of  uric  acid.  It  is  an  anii>riJhous.  yellowish- white  powder,  quite 
naddy  soluble  in  1x>iling  water.  It  15  siiid  to  be  present  m  the  urine  in  eomijwbat 
f:reater  amount  afUf  courses  of  treatment  with  sulphur,  in  leukeiuic  putienta  and 
in  cimpmction  with  nephritis  in  children.  Rarelv  it  form*  urinary  enleuli.  It 
re-pri-M>nis  an  intentiediuti?  link  la^tween  sarcin  and  unc  acid,  (rtianin  jind  hypo- 
xanthin  can  be  converted  into  xanihin.  In  c<intju-t  with  water  and  ferments, 
xanthin  is  iransformed  into  uric  acid.  Evaporated  with  nitric  acid,  it  Iea%'es  a 
yctlnw  KlTiin  llial  Itecomex  ye1Iowi»h  red  wiUi  potassium  and  violet  red  when 
further  htatcd 

Hypoianihin,  soicia,  CjH.N.O.  can  bo  prepared  in  the  form  of  needles  or 
exfoliiitiii;:  .stali-s  hum  mi-.at.  milk,  bone  ■(narrow,  liver,  Mood  from  the  cadaver. 
It  IS  iirouiit  in  niirmal  urine  m  smaller  amount.  Hvuoxanthin  exhibits  great 
reseinblitnce  toaL«nthin,  into  which  it  can  be  Ira n»f firmed  by  oxidjttion.  Hydrcgt-n 
in  the  nascent  state  conversely  reduces  uric  arid  to  xanthin  nnd  hypoxanihir. 
Evaporated  with  nitric  acid,  ii  yields  a  light-yellow  stain,  whicli  bee'unes  more 
intense  on  .'idilition  of  sudium  hydrate,  but  not  reddish  yelluw.  It  is  mLtv  readilv 
soluble  in  water  than  xanthin.  and  a  mc:inK  of  diflerentiaiing  the  two  is  thus  af- 
forded     fiuiinin  is  wholly  insoluble  in  water. 

Paftxanthin  luw  proved  toxic  in  moderate  amount  to  dogs.  Rachford  found 
il  in  iho  urine  in  con.<^demblc  amount  in  casi^  of  scvi^rc  migraine  with  convulmve 
conditions. 

Oxaluric  acid,  C^tI,N,0„  occurs  in  the  urine  in  but  small  amount  as  an  ammo- 
nium salt,  is  but  slightly  soluble  in  water  and  appears  a*  a  loose  white  powder. 
Ammonium  rixahinvt*  can  he  pw-part-d  from  tirie  acid.  Perhaps  there  is  a  physio- 
logical connection  between  uric  acid  and  oxaUiric  acid 

OxtUc  acid,  CjIi.O,,  occurs,  :ho4igli  not  constantly,  as  calcium  oxalate,  to 
an  amount  varying  from  10  to  15  mg.  rbillv  It  is  recognizable  from  lis  enveliip- 
shapod  clear  nc'tahedra  (F'ig  15J.  'i).  whicfi  arc  insoluble  in  acetic  acid;  biscuit- 
shajicd  oi'  hour-glass  shaped  crystnts  <Pig.  i  SO.  '1  are  less  common.  The  genetic 
rclatiim  liclween  oxalic  acid  and  uric  acid  upficars  demonstrated  by  the  fact  that 
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dogt  »ft«  being  fed  with  uric  (wid  exereio  much  cakium  oxnl&t«.  ll  should,  h 
tvvT.  be  pointed  out  tbrti  the  i>XMlic  iicid  may  aIeo  re&iilt  as  an  oxidat  ton -product 
fnwn  derivatives  of  the  fattj— acid  scries.  Oxiilic  neid  t>  formed  from  oxaluric  arid 
by  lh«  taking  u[)  of  walfr.  togcUier  with  the  appearance  of  urrii. 

Oxnlic  acid  i^  wnntinv  on  a  pure  milk-dict.  Almost  all  vegetable  articles 
of  foodconiflii)  h.  The  ingr.'itioii  of  5(ibstniic<:H  thai  contain  a  considcrablo  amount 
of  calcium  oxalate,  such  as  sorrcl  and  tea.  increases  the  excretion.  Citric  acid, 
treated  with  oionv,  yields  carb-jn  dioxid  and  oxalic  acid.  The  presence  of  calciui 
oxidate  after  the  hoc  of  iemon*  is  thus  explained  Increased  elimination  of  oxali 
acid  in  tht  urine  is  rieflHTiiiti:d  oXHliirt;i.  «nd  is  considered  in  part  a  sii-n  of  reta 
metabolism,  as.  for  instance,  from  delicicticy  of  oxygen,  m  the  dny.  and  in  pn 

as  dcTK-ndcnt  upon  hyperacid- 
ityofihcgasiric  juice.    It  may 
Mouinc    dangerous  in    cunsc- 
qu<-ncc  of  the  formation  of  €a\- 
culi .     In  conjunction  with  oxa- ; 
luHa,  the  uric  acid  has  ofteaf 
been  found   increased.      Thfr 
amount  of   oxalic  acid  tK  in- 
creased in  the  urine  of  jaun- 
diced persons.     According  to 
N'etibaucr,    diwolved    cnlcium 
oxalate,   held   in  solution   bjJ 
acid   sodium    phosphate,  al" 
occurs  in  the  uiiitc.    The  clir 
ination  of  lhi»  substance  take 
place  in  crystalline  ffirm    Ih*" 
mora    completely,    the    more 
nearly  the  urine  approaches  a 
neutrul  reaction. 

Hipporic  acid.  C^»NO^ 
bcnzoylamidoacctic  acid,  oc- 
curs in  the  urine  of  htrlnvora. 
and  as  the  principal  rcprcscD^j 
>  taiivc  of  the  nilrogcnouB  pr 
uct»  of  metabolism:  and  iff' 
human  urine  only  in  small 
amount— ff om  03  to  J. 8  grams 
in  a  day.  Iliitanodorle«.  monoliaaieacid.  with  nbiiter  taste,  cr^BtnllizinR in  colop- 
less  fmir-Gided  prtstns:  and  it  is  readily  soluble  in  alcohol,  but  only  in  600  parts  of 
water.  _  ll  is  a  conjugate  acid  and  results  in  the  IiKiy  frinn  hmxoic  acid  (or  fn 
the  culiculor  substance  of  planm,  » liich  i>  cli>wly  related  to  itl .  or  from  oil  of  bit' 
almonds,  cinnamic  acid,  quinic  acid  (in  hay),  which  arc  readily  transformed  br 
reduction  (quinic  acid)  or  by  oxidation  (ctnnumic  acid)  into  bciuoic  acid,  mtn 
which  flycin  combines  with  the  giving  up  of  water. 
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The  formation  of  hippuric  acid  is,  accordincly,  dependent  principally  upon 
the  food.     It  is.  therefore,  wanting  in  the  urine  of  nursing  calves,  as  n-cll  as  aitCTj 
the  insestion  of  such  vegetables  as  possess  ro  cuticula;  as,  for  instance,  earth] 
bldbs  and  peeled  \*ejj*lal;Ies,      Similar  syntheses  of  glvcin  occur  in  the  orgonis) 
also  after  ingestion  of  many  other  substances,  as.  for  instance,  after  administratic 
of  substituted  benzoic  acids  or  of  aromatic  acids.     Ak  the  albuminatcf  also  ar 
capable  of  yielding  benzoic  acid  and  oil  of  t«tter  almonds  through  oxidizing  agent 
the  hippuric  acid  may  be  formed  in  the  body  from  dtsiniegraling  albuminate 
This  explains  the  fact  that  it  is  found  also  in  ibc  urine  of  laslmj;  persons. 

In  the  dog.  the  conjugation  of  bii^puric  acid  takes  place  in  the  kiditen;  in 
frx>gs,  also  outnidc  these  orrans.  KiJJinc  and  Hallwachs  refer  the  formation  to 
the  liver,  Jaarsfeld  and  Stwvis  to  the  kidney,  the  liver  and  the  inte^ttinc.i.  The 
observation  of  Salomon  that  hippuric  acid  was  present  in  the  blood  and  in  the 
liver  of  nephrectomited  rabbits  after  injection  of  benioie  acid  into  tlic  blo<  ' 
indicates  that  the  (onnalion  docs  not  take  place  exclusively  in  tJie  kidneA-s.  Fi 
ther,  the  hippuric  acid  formed  in  human  beings  mav,  under  patliotogical  condi-' 
tions.  particularlv  vihen  the  reaction  is  alkaline  ana  allmminuria  is  pmvnt.  be 
again  decomjioM'd  in  the  urine,  in  consequence  of  a  fcrmcniativc  process.    Whether 
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the  htppuric  acid  formed  Is  already  decomposed  in  tlie  Mood  and  th«  tisiucs 
of  man  is  doubtful,  In  the  kidneys  of  swine  and  of  tbe  dog.  fermentative  decom- 
poettion  of  htppuric  &«id  ta^rs  place. 

After  ins^ion  of  pean,  prunes,  eranbcrhes,  unpcelcd  apples,  the  amount  of 
hippuric  acid  iticreases  frreatly.  It  ii  increaaed  also  in  the  pivsence  of  jaundtce. 
diseases  of  the  liv«-r.  nnd  dinlie'tes.  U  it  be  contained  in  the  urine  in  lar^je  amounts, 
it  appears  In  the  sediment,  from  which  it  can  be  iKulated  by  boiling  with  alcohol. 
Boiled  in  strong  acids  or  alkatica.  or  in  combination  with  putrid  substances  or 
the  mti-r<>coccu&  urear,  it  is  ilecoinpuKcd  again  into  iKnioic  acid  and  glycin,  with 
tbc  taking  up  of  water. 

The  urine  of  the  dog  contains,  in  addition  to  uric  acid,  kyntirie  acid, 
C|oH.,MjO,  -^  H,0.  and  Hr^protie  acid,  C-H,|,N^SOu  +  H,0. 

AUantoia,  C,H,N',0,.  a  constituent  of  the  amniotic  fluid  of  the  cow,  in  lesser 
dcgrcf  cif  that  of  htimnn  hemga,  ia 
normally  present  in  the  urine  in 
traces,  especially  after  the  eating  of 
me;it:  in  la.ri;rr  amount  in  the  first 
week  of  life  and  in  prej^ant  women, 
as  well  as  after  administration  of 
thyinutt  jclaiid  and  punertiui.  The 
aminmt  increases  after  the  ingestion 
of  considerable  amounts  of  tannic 
acid:  in  the  dng,  from  the  oxidation 
of  uric  acid  fed. 

AUantoin  formji  gliMenin^.  pris- 
matic crystals.  It  cryfitnllixes  in 
transparent  prisms  from  the  urine  of 
nursinK  coIvca  <in  eviitiorntiun  lu  a 
sinipv  consistence.  atkI  standing  nt  \ 
rest  tor  a  day.  It  is  decomposed  by 
ferments  into  ureu,  ammonium  OAa> 
late  and  carbonate, and  an<^t her  sub- 
stanee  whose  identity  has  not  yet 
been  established.  It' is  readily  sol- 
uble in  water,  vrith  ditliculty  in  alco- 
hol, and  not  nt  all  in  ether.'  For  its 
preparation,  the  urine  is  precipitated 
ny  iiKonH  of  basic  lead  acetate,  the 
lead  being  removed  from  the  (titrate 

by  means  of  hydrogen  sulphid.     The  fluid  is  then  evaporated 
ence,  and  the  cr>'StaJs  scnianite  in  the  cuurne  of  days, 
and  reer)-»tullized  out  of  hot  water. 

Oayp'ottic  acid  is  an  oxidation -product  of  albumin  containing  nitrogen  and 
Bul^ihur.  It  can  be  prepared  as  a  baryta-eombination,  is  soluble  in  water  but 
not  in  alcohol,  and  is  precipitable  by  mercuric  nitrate  and  sulphate.  f>n  a 
mixed  diet,  il  constitutes  from  a  to  3  per  cent,  of  tlic  total  nitrogen,  thus  soma- 
what  morv  than  the  uric  acid.  It  is  greatly  increased  incases  of  phosphorus-poison- 
ing, and  pcrliaps  also  in  conjunction  with  other  forms  of  proteid  decunipositioo. 
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to  a  sirupjr  consist- 

Thc£e  arc  witshed  with  water 


COLORING-ttATTERS  OF  THE  URINE. 

Urobilin  is  present  in  cnnsideratile  amount  in  highly  colored  febrile 
tirine.  often  also  in  normal  urine,  particularly  after  the  ingestiun  of 
readily  digestible  food  and  after  the  t«nninatJon  of  gastric  digestion; 
in  small  amount  in  the  state  of  hunger  and  during  the  process  of  gastric 
digestion.  It  is  a  derivative  of  heniatin,  or  of  the  biliary  coloring- 
matter  resulting  therefrom.  It  closely  resembles  the  hydrobilirubin  of 
Maly,  from  which,  however,  it  differs  in  the  ereater  amount  of  nitro- 
gen it  contains.  It  gives  the  urine  a  red  or  reddish -yellow  color,  which 
becomes  yellow  after  adjiiixture  vrith  ammonia. 

Urobilin  can  h&  extracted  from  some  urine  by  agitation  after  addition  of 
an  equal  volume  of  ether  or  chloroform.     The  urobilin  passes  over  into  the  latter. 
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and  if  this  be  pcnniUcd  to  eviipora1«,  it  remains  as  a  residue  It  is  solubfe  in 
ammonia-vater  or  in  dilute  eotla-solutinti.  If  tirolnlin  be  dissolved  in  dilute 
sodium  hyilraic  »ntl  a  sm»ll  amount  of  caIpiucI  be  added,  thr  vcltow  tolution 
bcooincs  Tosr-rcd  (urorasein).  If  a  chloroform-extract  be  prrparrd  by  agitation 
of  urin«  containing  urobilin,  and  if  iodin  Ik;  added,  and  lie  comoint-d  by  agitaiioo 
with  dilute  pot ».■>.-« um -solution,  the  solution  acquires  a  color  varying  from  yellow 
to  br<;>n-ni:t!i  vdlcw,  with  a  beautiful  Uuorcsccncc  in  green.  Thifr  rcitction  can  al«o 
be  ftpjjlif.l  (iiri'ctly  to  any  iirir»e  conttunint:  urubilui.  At  lime*  tlvc  urobilin,  on 
Standing,  undergoes  a  modification,  and  then  the  usual  reactions  fail. 

It  sodium  uT  putatKium  carbonate  be  added  to  the  urine,  the  eharacterutic  ab- 
sorption-bund  Ml  /•'  approacfaea  h  and  beeomes  much  darker  and  more  shar])Iy  de- 
fined. Accordinp  to  Hoppe-Seyler  and  Saillet ,  umbilin  develops  in  the  urine  only 
after  evacuation  bv  the  taking  mjj  of  oxj  p-n  on  the  part  of  anoUier  body  foraiing 
lu^Dbilin  (JalTe's  cfiromoKen) ,  If  ncctic  ether  be  added  to  rttrinly  oiHcharscd 
urine  actduliitcd  with  acetic  acid  and  agitation  be  practised,  the  chromoKro  pane* 
oyer  into  th«  ether.  If  the  acetic  ether  be  aKitat«d  in  sunlight  with  water,  uro- 
bilin is  formed;  and  this  can  be  again  shaltea  out  by  loeaiia  of  chloroform.  If 
line  chlorid  be  added  to  urine  eontainine  urobilin  tuid  rendered  alkaline  by  addition 
of  aiiimnniM,  ihr  urino  (-xhibiis  marked  fluortsccncc.  nilh  a  distinct  green  luster, 
IiarticuUirlv  in  rcllecicd  rays  o(  sunlisht  The  isolated  urobilin  is  duoresccnt  also 
without  addiiirm  i.f  tivc  chlorid.  Ph<jsph"lungsiic  acid  precipitates  all  unjbilin 
as  a  rose-col on-d  dvpu«it.  which  is  solublo  in  water,  and,  after  achlitiun  of  hydro- 
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f^loric  acid,  also  in  chloroform.  By  the  employment  of  rc<lurinK  agents  (socUuni- 
amalTam]  a  colorless  reduction-product  is  formed  from  urobilin:  but  this,  co 
slandinE  in  tjie  air.  is  rBtransformcd  into  urobilin,  with  the  talcine  up  of  oxy^m. 
The  colorless  body  is  identical  with  the  chromoxen  that  Jaflc  found  in  unne. 
In  many  caa«s  of  jaundice,  in  which,  at  times,  Gmclm's  test  for  biliary  pigmeot 
fails  to  develop,  urobilin  is  prr«rRt.  particularly  when  incomplete  biliary  stasis 
exists.  This  urobilin -icterus  oceurs  c^ectally  after  the  absorption  of  eonsi'derabk 
extravosntiom  of  blood.  According  to  Cazeneuvc.  the  umlntin  is  increased  In  aU 
di^ases  that  ano  attended  with  incrraKcd  destruction  of  red  blood -corpuscles. 

V'lxhtirme  is  considered  by  Thudlchum  as  the  peculiar  yellow  cotonng- matter 
of  the  urine.  It  can  be  i.inlaicd  in  vcllow  crusts  that  are  xoUible  in  water,  as 
well  as  in  dilute  acids  anr|  .tlkiilics.  The  watery  sohitian  oxidizes  in  the  air.  viih 
the  development  of  a  red  color  through  the  formation  of  urocr>tIirin,  Treated 
with  iicids.  further  decomposition-products  appear;  among  them.  nroiDetanJii. 
The  uroerythrin  often  gives  the  urate*  a  red  color,  the  urochroinc  a  yellow  color. 
The  latter,  however,  in  by  mnny  not  considered  a  we  11 -characterised  cbetnical 
body.  Human  unne  saturated  with  ammonium  sulphate  yields.  00  agitation  with 
90  per  eent.  phenol,  all  of  its  coloring-matter  to  the  l.\t'ter.  If  this  solution  of 
plien«rf  be  mixed  with  ether  and  water,  the  water  is  Klained  yellow  (urochrotnc) , 
the  phenol-ether  mixture  red  (urobilin  and  hcmatoporpbyrin). 
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tn  ttic  prracncv  of  melanotic  neoplasms,  black  untie  hKS  from  time  to  time 
been  ol>KcM-vcd,  duo  to  fHfia»i»  ora  pi^ent  contaioinK  iron. 

A  hr.yufit  pigtmiil  iyhiainiitg  i>^n  is  cnrricd  down  liy  the  uric  acid  precipitated 
on  addiiti>!)  at  hyttrochlorK;  acid.  By  repi^atL-d  ailditiim  o(  «mlmm  urate  in  urine 
and  pn-dpilatimi  of  thv  uric  acid  by  njdmchJoric  ndd.  thi?  jvigmcni  can  be 
obtained  in  considerable  amount. 


SUBSTANCES  FORMING  INDIGO,  PHENOL,  KRESOL,    PYROCATE- 
CHIN,  AND  SKATOL.       OTHER  SUBSTAKCES- 

tndican,  or  tlic  indigu-Iunning  substance,  is  tlcnvctl  from  imiol, 
CjMiN,  ihe  molher-substance  of  indigo,  which  is  formed  in  the  intestine 
as  a  result  of  the  pancreatic  digestion  of  protcids.  and  as  a  putrefactive 
product.  The  indnl.  conjugated  with  the  sulphuric -acid  residue.  SO,U. 
and  combined  with  potassium,  represents  tlie  iniiican,  or  indigogen  of 
the  urine  (C,H(NSO,K,  potassium  indoxylsulpUate).  It  forms  white 
^listvnin^  tables  and  platers,  readily  soluble  in  water,  slightly  in  alcohol. 
By  oxidation  it  forms  indigo-blue: 

3  indican  +  t^  — C,(H„N/i,  (tndigo-bluc)  •  iHKSO,  (ncid  piMassiumxuIphatc). 

Jufi«  (oimd  btftwovn  4.5  and  ig.5  mtj.  of  indigo  in  t$»a  cu.  cm.  q(  norma] 
humnn  urine.  Indijjo  in  more:  nbundAnt  in  the  unni;  of  inhabiUinti:  of  th«  tropjcx, 
li-is  almndant  on  a  milk-diot.  and  it  is  wanting  in  the  nrw-hom.  The  urine  nf 
honca  contains  jj  times  as  much  as  liumnn  imnc.  Subculaneous  injections  of 
injol  increase  llie  amount  of  mdicai)  in  llie  iiniie.  E.  Ludui];  obtained  indican 
by  hi-atinj;  hsmatin  nr  bilintbia  with  polas«iuTn  hydrale  and  iiuwdcrptl  tin.  It 
has  been  found  also  in  ihe  sweat. 

Demonsiratioo. — ^Oni-balf  o(  a  tesi-tube(ul  of  urine  is  mixed  with  an  ctiuol 
ammini  uf  hydrochli>ric  acid,  and  3  drops  of  a  freshly  pa-pnn-d  solution  i»f  chlorin- 
ated linic  art  added.  Tlic  mixture  bicomcs  at  firai  elear  then  ^rayisK  blue. 
Now  tt  few  drupa  of  chloroform  arv  add«d.  and  the  mixture  is  persistently  uKitaled. 
th«  pigment  being  dissolved  by  the  chloroform.  If  the  mixture  is'pi-rnnited 
to  stand,  the  blue  eh lorofonn -layer  is  deposited  at  the  bottom  For  ijuaniiiauve 
iHimatio*t,  the  indican  is  transformed  into  indigo  and  further  into  siilphoindigotic 
acid,  and  tins  \^  titrated  wiUi  a  solution  of  pntasismni  piTnmnganate.  Certain 
tiacteria  may  priHluce  indiK<)-blmr  in  the  rv;icuated  urine,  but  alsi.)  in  the  urinary 
paissa<^s-  therefore,  a  lustrous  bluish-red  coatinc  of  microscopic  rhombic  crjs* 
tals  ol  indigi>b)ue  upon  the  surface  of  putrid  urine,  or  a  jtrccipiiatc  thereof,  is 
nccitsionailv  obsvrvfd  f Heller's  Hn>i;liiucinj, 

Pitholopcal.  -Indican  i>  increased  in  the  urine  when  the  formation  of  indol 
is  increased  in  tltc  intestines  in  consequence  of  active  putrefactive  fcf mentation ; 
08,  for  insianee,  in  cum-'b  of  lyphoid  fever,  lead-colir,  Irichiri'mis,  gaatro-intestinal 
catarrh,  hetnorrhagr  fram  the  .stomach  or  bowtl,  diseases  of  the  small  intestine, 
choWa  nfiBtrns.  cRTi-infima  of  the  liver  and  the  wrninaeh.  sirangul.itcd  hernia, 
prritonitis  As  indican  is  dcvt-Uficd  as  a  result  of  (he  decomposition  of  pus,  *n 
increased  amount  in  the  urine  mav  indicate  the  presence  of  suppuration,  when 
the  intciitinal  conditions  air  THinnaf, 

Urine  boiled  with  hydn-thlttric  acid  yields  lothi- el hen-nl  i-stract,  loKeihi-r  with 
indigo-bluc.  a  gamctred  pigment,  crysiallizinj;  in  rhombic  plaius.  namely  imJigi^ 
rfJ.  urorubin.  uramsein.  uhich  is  di:vcl»|^ed  by  oxidation  from  an  unknown 
chromogcn.  Its  amtiunt  depends  upon  the  same  conditions  as  does  thut  of 
indican.  The  urine  thus  cxir.ieted  yicItU  a  browmsh'blnck  pigment  to  amybe 
alcohol,  namely.  ur,ytti^ia*ii».  All  urinar\-  pigments  that  arc  produced  through  the 
activity  of  acids  are  eoiilamtnaicd  by  dark-colored,  nitrogenous  humin-sub- 
stances,  which  are  funned,  in  pari,  trtint  the  e:irbi>hydraie«  of  llie  urine. 

Rcaclioi*  ji>r  htdi^n-r^d  — Onc->iuartrr  of  a  irsl-uihcfiil  of  urine  is  boiled  eon* 
tinuously.  willi  addition  of  nitric  acid,  drop  by  drop,  until  a  red  color  is  produced: 
it  is  then  cooltrd  and  reiulend  alkaline  with  animonta.  If  now  it  De  gently 
neitnlcd  with  2  cu.  cm.  of  cihcr.  itidiEn-ri-d  di"*olvcd  in  the  ether  iin.-we!«  over. 
Toe  red  reaction  takes  place  in  the  pn-s«ncc  of  meulticicncy  of  the  intestine  and 
its  glands,  in  conjunction  with  severe  diarrhe«  and  most  profound  nutritive 
disorden. 


raENOL,   KRESOl,    PY80CATBCHIS.   AND  SKATOL. 

'.  CjHftO.  carbolic  acid,  occurs,  according  to  Baumann,  like- 
united  wtlli  sulphuric  acid,  as  phenol -sulphuric  acid,  CiHiOS0|H, 
iich  is  fouud  in  the  urine  In    combination   with    potassium.       It  is 
present  in  lar^e  amount  in  horses'  urine. 

PliMiol  results  from  the  decomposition  of  albuminate*  throuj;h  pancreatic  di- 
gestion, and  especially  throuRh  puiwfattivc  processes,  The  tnother-substonc*  i» 
tjTOsin.  The  formation  of  phenol-sulpliuric  acid  is,  therefore,  entirely  analogous 
to  Ihe  formati'ni  t>f  indicait.  Fhriiol.  -k  well  us  kresol.  is  tnereiu^d  in  Itie  urine  in 
the  presence  <if  infectious  and  suppurali^'c  disoaset.  as  well  as  of  liiabclcs.  If 
phenol  is  employed  inicmallv  or  cxtcmall>-,  the  amount  of  pljcnol-sulphuric  acid 
in  the  urinu  iiurrcuse.i  i;r<-i"tf>'-  Tlierefore,  sulphuric  acid  must  unite  with  it. 
For  thij  rcusnn,  alLiliiic  sulphate  is  dccomp'swrfl  in  the  body,  so  that  it  may  bo 
entirely  wanting  in  the  urine.  Living  muscular  structure  or  li^'cr,  digested  for 
Mven  aours  in  a  current  of  air  with  blood,  with  uddition  of  phenol  and  sodium 
»ulphat«.  forms  phenol-«utnhuric  actd.  Lil;«wisit,  under  these  circumstances, 
pyrocatechin  fnnne  ether-sulphoric  acid. 

The  d.irk  discoloration  of  the  urine  oftra  observed  in  human   beings  after 
the  internal  or  external  employment  o(  phenol  depends  upon  oxidation  of  the - 
phenol  into  Iiyirroquinone  (orthociioxyhtmsiol,  C,H,0,).  which  appears  in  the  urine 
in  large  part  as  ether-sulphuric  acid. 

Parakrcsol  (hydroxylloluol.  C.H.O)  is  present  in  larger  amount 
than  phcnnl.  together  with  the  isomers,  orthnkrcsol  and  mctakresol. 
the  latter  in  traces;  also  these,  combined  with  sulphuric  acid  as  kresol- 
sulphuric  acids. 

For  the  demonstration  of  pbcnol,  and  al»o  of  krcsol.  150  cu,  em.  of  urine 
are  distilled  *ith  dilute  sulphuric  acid.  The  distillate  yicMs,  with  Vromin-water. 
a  precipitate  of  tribrom-phenol,  which  soon  erystalliies;'  as  well  .as  a  red  color  with 
Jtftllon  s  reagent.  The  hydroxy Ibcnaols — ^pyrocnteclim  nnd  hydroiiuinone — ara 
given  off  after  protracted  healing  of  urine  to  which  hydrochloric  acid  is  added. ' 
Kesorcin.  whicli  is  itomeric  with  hydroquinone.  leaves  the  body  in  tbe  tirine  as 
ether-sulphuric  acid  when  ingested.  1'oluol  and  naphthalin  react  in  a  similar 
manner.    When  hcneol  is  administered,  it  is  first  oxiaizcd  into  pbeaol. 

Pyrocatechin,  Ca]l,Oi.  metadihydroxylbcnzol.  is  fonncd,  together 
with  hydroquiimne.  from  phenol;  and  it  is  likewise  isomeric  with  hy- 
droquinone.  In  an  analogous  manner  to  indol  and  phenol,  it  is  tinitcd 
with  sulphuric  acid,  laiinitcsiinul  amotmts  occur  normally.  It  has 
Ijeen  obser\'ed  in  Lirger  amount  by  Ebstein  and  .VlUlIer  in  the  urine  of  a 
dyspeptic  child.  It  con  be  reeo^izcd  by  the  dark  discolot^tion  of  the 
urine  that  results  from  putrefaction. 

Possibly  pyrocatechin  is  formed  ia  the  body  from  docomposed  carbohydrates. 
from  which  Hoppe-Seyler  observed  it  to  develop  by  heating  with  water  under 
high  prt:3>i;urc,  an  well  aa  by  tnattncnt  with  alkalies. 

Skatol.  whic-h  appears  in  crystalline  form  in  the  presence  of  in- 
tcsitnal  putrefaction,  likewise  appears  in  the  urine  as  an  ethereal  sul- 
]>hate.  Briegcr  found  potassium  skatoxyl-sulphate  after  feeding  dogs 
with  skatol. 

Oe'ii'Xtiiralion. — The  «lcatot -combination  can  be  recognised  by  addition  oE 
dilute  nitric  acid,  in  ctfiisequencc  of   which  a  violet  color  results;  or  of  fuming . 
nitric  acid,  in  conse^^ucncc  of  which  red  llakes  arc  precipitated.     It«  amount  varies 
with  the  .'ijiiu-  eauMis  as  di>c&  that  of  indican. 

Also  by droparacu marie  acid  and  paraozypbcnyLacstic  atid,  vliicb  bclonft  to  the 
aroRiatic  oxyBci<U,  nrv  encountered  in  the  urine  in  increased  amount,  together 
mth  a  large  amount  of  indiea.n,  in  the  presence  of  urticaria,  aene.  and  saail*  pruri- 
tus, as  KJons  of  increased  intestinal  putrefaction.  The  first  is  a  putrefactive 
firoduct  or  in«at.  wlule  cbe  aecond  has  been  obtained  b\-  B.  and  O.  Salkowski 
mtn  putrid  albumin. 

Dnnonftnui^n. — If  tbe  nrinc.  to  which  a  mineral  acid  has  been  added,  ia 
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kted  with  «thcr.  the  latter  then  evMonted.  and  th«  nsiduc  dissolved  in 
water,  it  will  yield  a  red  color  with  Millon  s  reagent.  Thu  is  the  reaction  of  th« 
aromatic  oxyadda, 

Baumann  has  ii«in«l  the  folluwinR  list  o{  «ihHlanc«:»  that  reawlt  from  tyroain 
by  decomposition  and  oxicliition.  o(  which  most  mi;m'bcr&  develop  both  a«  a 
result  of  t&c  puircfactioQ  of  protcids  iii  t))c  intestine,  and  paas  thence  into  the 
urine. 

Tyrosin,C,n,,NO. +  11,— C,H„0,  (hydro panic uniaric  acid)  +Nn,. 

C,H„t),  — C,li^„0  (pnrethyl phenol,  not  vet  ciwnonstrjitcd)  +C0  . 

C,H„0  +  0,-C,H,0,  (paraoKypheovlaccticacidj-t-H.O. 

CjH.O,-C,H,0  <pMrakre«>l)+CO,." 

C.H,0+0,-Cri,O,  (paraoxvbenxoic  arid,  not  yet  demonctrated)-i-H,0. 

CHA-C.H,0  (phenol) +C6,. 

Potassium  sulphocyonate  or  sodium  stilpbocyauate  is  present  in  the 
urine  in  the  proponion  of  from  0,01  to  o  08  gram  to  the  liter,  in  larger 
amount  in  the  urine  of  smokers.  It  is  derivL-d  trum  the  saliva  and  can 
be  recognized  by  the  ferric-cblorid  test  after  acidutation  with  hydro- 
chloric acid. 

Sucdnic  aeid,  C,H,P<.  occurs  particularly  after  the  ingestion  of 
meat  and  fat.  and  in  infinitesimal  amounts  after  the  taking  of  vegetable 
food.  It  occurs  in  considerable  amount  as  a  product  of  the  decom- 
position of  asparagin,  after  the  eating  of  asparagus.  Also,  as  a  product 
of  alcoholic  fermentation,  it  finds  its  way  into  the  urine  through  in- 
gestion of  spirit;  oT,  administered  internally,  it  passes  undecomposed 
into  the  urine. 

Lactic  acid,  C,H,0„  is  a  constant  constituent  of  the  urine.  Fermen- 
tation lactic  acid  has  been  found  principally  in  cases  of  diabetes,  sarco- 
laclic  acid  in  cases  of  phfisphorus- poisoning  and  of  trichinosis. 

Traces  of  volatile  fattv  acids  arc  inconstant.  Thoy  occur  par- 
ticularly in  connection  with  destructive  diseases  of  the  liver. 

FercscDts.--Diastatic,  i»>ptic,  and  rcnnct-likc  fcrmccts  have  been  found  by 
Grulsmf  principaUy  in  urine  of  high  specific  gravity.  Pat-splitting  ferment  is 
not  pre«nt  normnlly.     Trypsin  ti  much  aitenuattd. 

Traces  of  grape-sugar  occur  up  to  between  0.01  and  0,05  per  cent. 
After  the  ingestion  of  milk-sugar,  cane-sugar,  or  grape-sugar  (50  grams 
and  more),  these  varieties  of  sugar  appear  unchanged  m  the  urine  in 
Kmall  amounts.     BaiKch  found  some  isoinaltoiie. 

lifduciHg  iubstaHcti  (yii-tilin^  Trommer's  n^action)  arc  iilwa_\fi  present  in  the 
tirinn  Normal  human  unn«  elTects  reduction  almoEt  like  a  0.3  or  0.4  per  cent, 
solution  of  grape-sugar,  in  larger  measure  in  ilic  presence  of  fever.  Almost  tivc- 
nixtha  of  thc'ae  sulHitani'ct  nn-  pmhnlily  comhinalion.^  of  Klycuronic  acid,  while 
line-sixth  consirits  of  uric  ncid  and  krcaiinin.  There  is  present  a  dextrin-like 
carboliydralv  and  one  soluble  in  alcohol,  an  well  as  some  omnia/  gitrit.  Bcchamp's 
ncphroxymose  constats  principally  of  Runi.  Thia  substance  is  prepared  by  piw- 
eipitatinfc  the  urine  with  thnce  i't»  amount  of  90  per  cent,  alcohol.  It  is  not  a 
nmplc  )>ody,  and  it  tmnsfonns  stansh  into  sugar  at  a  temperature  of  between  60* 
and  yo"  C. 

Acetone,  C,H,0.  appears  after  an  exclusive  diet  o(  meat  and  fat.  according 
to  V.  N'ofinlf  n  only  on  digestion  of  the  fle«Ji  of  the  body.  As  noon  njt  rarlvihydTiilcs 
arc  taken,  it  i«  no  loneer  observed.  Mao  the  digestion  of  the  muscle  and  fat 
of  the  body  occasions  its  appearance.  Vicarellt  found  it  in  pregnant  wornen  with 
daad  feiusc.i. 

Demi/ntiT'ilii.";. — Oiic-half  liter  of  urine  is  acidulated  with  hydrochloric  acid 
and  is  dictUIcd.  On  .-iilHitifin  of  tincture  of  iodin  and  ammonia,  iodoform  appears 
in  the  disxillatc  as  a  cloudlncis  and  is  rccognixable  bv  its  ppculiar  odor 

Optically  inactive  urine  that  becora«s  diitcolore^  brown  or  black  on  cxpoBuie 
to  the  nir  »fter  addition  of  alknli.  with  the  taking  wy  of  oxygen  and  a  powerful 
reducing  activity,  contains  uJkapian.  homogentisic  acid,  which  occurs  but  rarely. 
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uirl   is  pmdticed  from  tyrosin  (by  tbe  action  of  miciuArganisni])?)  within  the 
body  anu  thai  paiaea  over  inu>  Uiv  urine. 


THE  nrORGAHIC  CONSTITUENTS  OF  THE  DRHfE. 

The  inorgtinic  cunstitucnts  of  the  urine  ettlier  arc  taken  into  the 
body  as  sticli  witb  tlie  food  and  piiss  unchanged  into  the  urine,  or  they 
are  formed  independently,  inasmut^h  iis  the  sulphur  and  the  phosphorus 
of  the  food  arc  consumed  and  unite  with  hoses  to  fonn  salts.  From 
5)  to  as  grams  of  sails  are  eliminated  daily. 

During  skcp.  ihe  clUorin,  potassium,  and  sodiwm  in  the  urine  are  greatly 
rtduccd,  sulpliuTic  acid  and  Ihc  solid  cfinHtitumts  of  the  urine  Ecncrally  are  Mme- 
whni  ru-dijctd.  while  the  acidity  is  c<»nsid«^l>ly  incnrnstd. 

Sociium  chlorid,  table-salt.  12  grains  (from  to  to  13  grams)  daily, 
is  increased  after  meals  as  the  result  of  movement,  of  the  copious  drink- 
ing of  water,  of  increase  in  the  amount  of  urine  generally,  of  generous 
administration  of  sodium  chlorid,  but  also  of  potassium-salts.  It  is 
diminished  principally  under  tli«  reverse  conditions. 

Under  nbnorm«]  condittans  the  cliniitiutiim  at  sodium  chlorid  is  diminished 
in  liir];i'  meiisurc  in  •nssMriaiion  wiili  ^mciimoniit  ,-ind  olhtr  atTtctiiiU!)  ailcnded 
<A-ith  inllBiTimator>- exudation;  funhtT,  m  conjunction  with  moet  fcbrdc  diKordcrb. 
except  uialaria.  as  well  as  with  ptrsislviil  diarrlica  and  swcaling;  c>>nslAntly  also 
when  t))!.'  uriTif  contiijiib  albumin  and  when  div.ijj^v  is  prcw-iit.  Destruction  of  rvd 
blood-£orput«k''«  incriMiHiK  th*  chlorida  in  the  urine,  whil*.  on  the  conirarj",  iJie 
ttmunnt  nf  chhirin  in  ihc  nhnc  (bs  wi-il  on  in  the  gastric  juice)  iK  diminiKhcd  in 
the  pr('6'~rcr  •>{  nncmhi    although  thf  hloi'd  contains  more  ehlnrin  than  normal 

QualitatlTc  Eitlmaiion. — I  nne  is  .tcidul.it«d  in  .t  tcit-tulie  uith  nitnc  acid. 
Knd  it  sohitinn  of  silver  nitrate  isad(I<rd.  n*ith  th?  n-sult  thiii  a  whitr,cher»ydepDMti 
of  silver  ciiloritl  takes  place.     The  albumin  must  first  be  removed  from  albutninousl 
urine  by  boitiu);.     On  micnxscoinc  c.\aminali»n,  atttiilion  ^ouUl  be  civen  in  the' 
cvapomtcd  prcpnration  to  the  terrace: -liVc  arranEi-nicnt  of  the  cubrit  of  iK^dtum 
chlorid;  and.  at  tlic  same  time,  also  to  the  rhombic  prisms  of  sodium-chlorid  urea. 

Quautilative  Estimation,  according  to  th«  method  of  HuWl  and  Fcrnhols: 
1 5  cu.  cm,  of  the  mi.xlurc  of  urine  jmd  baryta  are  acidulated,  after  n>;utra ligation, 
with  IB  dnipn  of  dilute  nitric  ncid  hftvin);a  fijH'cilic^nvitv  of  1119,  und  n  solution 
wf  silver  nitr&te.  of  which  ■  cu,  cm.  lixcs  10  mi'  Ta  sodium  chlorid  or  6.065  °* 
chlorin,  »  added  so  long  a*  a  precipitate  of  siU'er  chlorid  is  obwrwd  to  take^ 
place.  Then  n  small  portion  is  filtered  intti  a  irst-tube,  and  a  test  is  made  to ' 
determine  whether  turbidity  results  from  addition  of  one  or  two  drops  of  the 
sdvcr-solution.  If  this  be  marked,  the  whole  amount  is  poured  bock  into  the 
lioakcr,  o.i  cu.  cm.  of  the  tulver-solution  b  Oidded.  and  the  test  is  repeated  until 
the  turbidity  produced  by  two  drwjjs  oi  the  sdvcr- solution  is  no  lunjprr  purticxdaity  \ 
distinct-  Now  an  equal  amount  is  lilterrd  into  n  sn'oitd  tcKt-tubc,  asxA  two  dropv 
of  a  one  per  cent,  solution  of  sodium  chlorid  are  added,  if  the  turbidity  is  equally 
marked  with  that  produced  by  two  drops  of  the  silvcr-aolulion,  the  correct  point 
hac  l>«en  reached.  Next,  exactly  »>  numy  eulne  cetilimetcrs  iif  tlu:  Kilver-snlution 
are  added  to  a  new  tprcimen  acidulated  with  lo  drops  of  the  nitric  acid;  and  tho 
intensity  of  the  turbidity  in  the  nitrate  induced  by  two  drops  of  s I K-cr- solution 
ia  compared  with  liiul  indueed  Nv  lwr>  dnipt  id  Ihc  one  per  rent  s(>luti<iti  of  sodhun 
chloric!.  If  the  turbidity  caused  by  the  sodium  chloric!  is  the  frreatcr.  0.05  cu.  cm. 
leas  of  the  silvcr-solutioii  is  added,  and  the  turbidity  of  the  hltrates  is  compand. 
Then  so  much  more  or  less  of  the  t>ilver-solut)i.>n  i*  added  as  rcjircsents  tbe  diHer- 
ence  between  the  two  point.s  lant  (ound.  and  this  is  continued  untd  an  equal 
amount  of  Silver  nitrate  and  indium  chlorid  prrrf1ue«  equal  turbidity  m  the  ftltrate. 

Titration   of  the   chlurids  according  to   the   Freund-Topfcr  m«dil)cation  of 
Mohr's  method:  Ten  cubic  centimeters  of  urine  ore  diluted  to  35  cu.  cm.,  and  3.5 
cu.  cm.  of  a  mixture  of  1  parts  of  acetic  acid,  to  parts  of  Hudtum  acetate,  and  los 
parts  of  water  arc  added.      Next,  a  few  drops  of  a  to  |Krr  cent.  Kolulion  nf  pctaa>^ 
slum  bichmmaLe  are  added,  and  titration  is  practised  with   the  silver-sojutioa  < 
(14.63  in^ms  in  500  cu.  cm.  of  water),  until  the  well-stirred  >-cllorw  iluid  retains 
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a  (vddish  tint.     Every  cubic  centimeter  of  siJver-Aolution  osed  corresponds  to  lo 
Dig.  o(  sodium  chlorid.  or  o. 00607  E^^™  1^  chlorin. 

Phospiioric  iuid.  about  2  grams  daily,  occurs  in  tlie  Tonn  of  mono- 
potas&ium  and  moiiosodium  phosphate,  and  acid  potassium  and  mag- 
nesiuin  phosphate.  It  is  present  in  larger  amount  after  the  ingestion  d( 
animal  than  of  vegetable  food.  Its  amount  increases  from  the  mid- 
day meal  till  evening,  and  it  then  declines  in  the  night  unlil  the  next 
moming.  It  is  increased  by  muscular  activity.  It  is  derived  in  largest 
part  from  the  alkaline  and  earthy  phosphates  of  the  food;  and  it  is  in 
part  a  inetaltoHc  product  of  lecithin  and  nuclein. 

In  the  pirsiMK^^  o(  (ever,  the  incifSTod  di  mi  nation  of  pntssmum  phiMphate  is 
indicative  of  consumption  of  blood  and  muscle.  When  aDnormal  (l<.-sl ruction  of 
blood  takes  place  suddenly  in  the  l>oii>',  ihc  [ihospliuric  acid,  together  with  the 
tircu,  is  KTvntly  increased.  '  In  thv  stati-  of  huii>,'vr.  the  phosphoric  udd  is  derived 
principally  from  the  breaking  down  of  tiic  bones,  wliicli  c-ntaiii  ilnrty  times  as 
much  as  thu  muscle*.  Atsft  in  the  pnwncc  ^f  ccrelirnl  inciiingitis.  snflcning  of 
the  hones,  diabctca  »nd  oxaltina.  tho  I'timination  of  phosphorus  is  said  in  tie  in- 
creased: likewise,  after  admin  i  6,1  rat  ion  nl  lai'iie  acid,  monilun.  chloral,  or 
chloritfomi.  It  i*  diininixhcd  diirinK  prv^iancy,  an  ncc<Jtint  of  the  forniation  of 
bone  in  the  fetus.  It  U  diminished  also  in  consequence  of  the  ingestion  of 
ether  and  Rlenhol.  and  likewise  of  intUimmaf  ion  of  the  kidney. 

QuatitsllTe  Estimation.  — Pi>ia.-uiuiii  hvdrale  in  added  to  urine  tn  a  test-tube, 
and  heal  w  applied.  The  earthy  r'hoBpiintcs  arc  thus  precipitated  in  a  cloud, 
while  the  alkaline  phosphates  rcm^iin  in  solution.  Fur  qualitative  estimation, 
there  are  necx-ssary  a  titrated  s'lUition  of  urunic  aeotate,  uf  which  i  cu.  cm.  unites 
with  exactly  e.00'5  gram  of  pho.tphoric  acid.  T<^  50  cu.  cm.  of  urine  are  added 
5  cu.  cm.  of  n  eohiticn  nf  sodium  acetate  conuining  too  gmms  of  the  latter  udt 
and  too  cu.  cm.  of  strong  acetic  acid  diluted  to  r  liter  with  natcr:  and  the  mixture 
is  heated.  The  titrating  solulicm  is  pennitled  to  flow  with  starring  ao  lone  as 
precinitatinn  is  apparent.  As  soon  as  free  uranium  oxid  is  iireeent  in  the  miid, 
one  drop  of  the  rauiure,  to  which  a  solution  o(  potassium  lerrocyanid  is  added 
upon  a  porvrelain  plate,  yields  a  tn-owni-th-rtd  reactmii  i"f  ur;iniimi  fcrrocyaiiid. 

[n  addition  to  phosphoric  odd.  phosphorus  occurs  in  the  urinf  m  an  incom- 
pletely vxidiKd  form,  namely  as  glyccnn-pho^horic  acid,  about  0.05  eram 
daily,  in  larger  amount  in  the  prescncfl  of  nervous  diseases  and  after  chlorotorm- 
narcosis. 

Sulphuric  acid  is  united  in  part  with  alkaline  metals,  in  part  with 
indol.  phenol,  skatol,  and  pyrocalechin,  in  the  form  of  aromatic  ethe- 
real stilphatcs,  both  in  the  proportion  of  i  to  0.1045  o"  ^^'^  average. 
All  factors  thai  favor  the  fonnation  of  indol,  phenol,  skutol,  or  pyro- 
catechin  increase  the  conjugate  ethereal  sulphates.  The  total  amount 
of  sulphtmc  acid  eliminated  is  from  3.5  to  3.5  grams  daily.  It  is  in- 
creased after  the  ingestion  of  sulphur.  The  sulphuric  acid  is  derived 
principally  from  the  decomposition  of  albtuninales.  It  is  increased 
by  muscular  activity;  and.  therefore,  its  amount  is  always  parallel  to 
that  of  the  uren.  eliminated.  The  amount  of  alkaline  sulphates  ad- 
ministered with  the  food  is,  as  a  rule,  exceedingly  small. 

Increased  excretion  of  sulphuric  acid  in  febrile  urine  indicates  increased 
tissue- me labal ism  tn  tli«  body.  In  the  presence  of  inflammation  of  the  kidney 
a  diniinulioin  h;ix  been  Dluterved,  in  cases  of  eczema  a  marked  increaw  in  the 
amount  of  sulphuric  acid  in  the  urine.  In  rabbits,  but  not  in  camivora  and 
hiunan  bemgs.  adrainisiraiion  of  taurtn.  whicli  contains  sulphur,  causes  the  pres- 
ence of  an  increased  aiimunt  of  sulphuric  acid  in  the  urine.  According  to  Zdlser, 
the  relative  amount  oi  sulphuric  acid  in  the  urine  is  small  when  the  secretion 
of  bile  tn  the  inteiqtine  is  large. 

Tlic  (jnatitative  demonstration  is  made  by  addition  of  barium  chlorid  to  the 
urine,  which  yields  a  itm.',  ivhut,  insoluble  preeipttale  of  barium  sulphate. 

For  quantitative  ntlmation,  50  cu.  cm.  of  uhnc>  arw  strimgly  acidulated  with 
acetic  acid  and  an  equal  volumv  of  water  and  barium  chlorid  is  added.     Aflcr 
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lliree- quart «»  of  on  hour's  warniing  npon  tlie  Yrater-1>iUl).  xhe  pr«cipitiLie  witl 
have  been  d^-positvd.  This  is  collcctrd  upon  an  ash-free  filtrr.  first  washed  out 
with  water,  Uicr  with  warm  dilute  hydrochloric  acid,  and  tinally  agniii  with  water. 
Tho  biirium  aiiljihatc  thu»  iJtmfits]  is  Uuxil  und  wici;;liui]  li  c<iiituin.H  all  of  the 
sulphuric  acid  united  with  sa\\s.  The  liltratc  and  the  wnsh-watcr  coiu.-iin  bcsidLit 
the  conjuEatc  sulphates.  The  coiuhiucd  fluid  is  mixed  with  onc-ciKhtU  of  its 
Volume  uf  conuenlralcd  h> drvchtorii:  acid  ajid  livatcd  for  s  cfa&idviab!c  time. 
Barium  sulphatA  aud  a  r«*iiiows  mass  separate  out.  The  duid  is  liltered.  and 
tlic  rt^iiiKius  m.'i«fi  is  dimolvvit  und  washed  frt>ni  lh«  hlter  n-ith  hot  aleohol.  and 
tinaliy,  a^aiti  washed  with  hot  water.  th«n  dh«d  and  fused.  Une  part  of  barium 
sulphate  corresponds  to  o  34JJ  sulphuric  acid. 

In  addition  to  xulphtiric  aciil,  ittilphur  (one>fifth)  occurt  in  the  urine  in  an 
incomplctclv  oxidized  form  (potassium  sulphocyanatc.  cysiin.  ami  a  sulphurous 
substance  derived  from  tlie  bile).  Sulphurous  acid,  consiani  in  camivora.  occurs 
ill  normal  human  urine  onlv  when  }iydn>^un  nulphid  is  formed  in  the  intestine 
in  considerable  amount.  Hydrogen  sulphid,  which  is  leu  commonly  obntTvcd. 
is  abnormal.  It  is  rccognijwible  tiy  the  black  diticoIorAtion  of  p;«pcf  moistened 
with  kad  acetate  and  .immonia  when  lii^ld  over  the  urine.  It  results  principally 
through  fermentation  by  bacteria  (bacterium  coh).  and  i*  rarely  absorbed  from 
the  iatcBtinc  or  from  puthological  putrid  foci. 

Small  amounts  of  silicic  acid  and  nitric  acid,  derived  from  drinking- 
water,  the  latter,  Uowever,  in  part  produced  in  the  body  itself,  are 
present.  In  the  fennentation  of  urine,  the  nitra.ies  are  reduced  to 
nitrites.  After  the  administration  of  salts  of  the  vegetahle  acids,  car- 
bonates appear  in  the  urine,  which  then  efTcrvcsccs  upon  addition  of 
an  acid. 

Sodiiun  in  the  urine  is  principally  united  l^"ith  chJorin,  and  in  lesser 
degree  with  phosphoric  acid  and  uric  acid.  Potassium,  equaling  about 
one-third  of  the  sodium,  is  combined  principally  ivith  chlnrin.  During 
fever,  more  potassimn  is  excreted  than  sodium,  while  the  reverse  occurs 
during  convalescence.  Calcium  and  magnesium  are  present  in  nonnal 
acid  urine  dissolved  as  rhIorid.s  or  acid  phosphates.  If  the  urine  be- 
comes nctitral.  neutral  calcium  phosphate  and  magnesium  phosphate 
are  precipitated.  The  latter  has  been  found  also  in  alkaline  urine  in 
association  with  disorders  of  the  stomach,  in  the  form  of  large,  trans- 
parent, four-sided  prisms,  li  the  urine  becomes  alkaline,  calcium  car- 
bonate (Fig.  172,  o),or  amor|)hous  tribasic  calcium  phosphate  is  pre- 
cipitated, the  magnesium,  however,  in  the  form  of  ammonto-magnestum 
phosphate  (triple  phosphate).  The  calcium  is  dcriyed  from  food,  and 
its  amount  varies  in  accordance  with  the  digestive  and  absorptive 
capability  of  the  digestive  tract.  In  the  presence  of  pulmonary  tuber* 
culosis  and  diabetes,  the  excretion  of  calcium  is  increased. 

Free  ammonia,  from  0.06  to  0.8S  gram  in  the  day.  occurs  also  in 
quite  fresh  urine,  and  m  larger  amount  with  animal  than  with  vegetable 
food.  After  administration  of  mineral  acids,  the  excretion  of  com- 
bined amnifinin  likewise  increases.  The  appearance  of  an  increased 
amount  of  ammonia  indicates  u  predominance  of  acids  in  the  body  and  a 
deficiency  of  alkalies.  Demonstration :  A  strip  of  red  litmu»-paper  held 
over  a  mixture  of  urine  and  milk  of  lime  in  a  covered  glass  becomes 
blue.  The  alkaline  combinations  of  the  organic  acids  diminish  the 
excretion  of  ammonia.  Inorganic  ammonia -combin.uions  are  trans- 
formed into  organic  combinations,  perhaps  into  an  ammomum  albu- 
minate. 

Iron  is  never  wanting  in  the  urine,  from  a. 5  to  10  mg.  being  excreted 
daily.  Further,  some  hydrogen  dioxid  is  present,  and  is  recognized 
by  discoloration  of  a  solution  of  indigo  on  addition  of  an  iron  sulphate. 
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One  liter  of  urine  contains  24.4  ca.  an.  of  gases;  100  volumes  of 
urinar>'  gases  obtained  by  exhaustion  contain  65.40  volumes  of  carbon 
dioxid.  a. 74  volumes  of  oxygen,  and  31. 86  volumes  of  nitrogen.  After 
vigorous  muscular  activity  the  amount  of  carbon  dioxid  may  be  doubled. 
The  act  of  digestion  also  causes  an  increase,  while  drinking  in  lar^ge 
amount  causes  a  reduction. 
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SPONTATTEOTTS    ALTERATIONS    m    THE     URINE    ON    STANDING; 
ACID  AND  AMMONiACAL  URINARY  FERMENTATION. 

When  kept  in  a  cool  place,  normal  urine  often  exhibiw  a  forma- 
tion of  newly  developed  acid — -.-icid  urinarj'  fermentation.  This  results 
in  consequence  of  the  development  of  peculiar  fermentative  microor- 
ganisms, both  budding- fungi,  as  well  ns  fission-fungi,  and  is  ac- 
companied by  excrt;ii(in  of  uric  acid  (Fig,  133,  c),  acid  sodium  urate 
(6),  and  calcium  oxalate 
id).  The  nature  of  the 
fermentative  process  is  not 
as  j'et  entirely  known.  Ac- 
cording to  Bnicke,  lactic 
acid  is  formed  from  the 
sugar  of  the  urine;  accord- 
ing to  Scherer,  the  germs 
decompose  the  vesical  mu- 
cus and  some  urinary  pig- 
ment into  lactic  and  acetic 
acids.  According  to  Roh- 
mann,  who  observed  acid 
(ermentation  develop  only 
exceptionally,  this  is  due  to 
acids  that  result  from  the 
decomposition  of  sugar 
and  of  alcohol  accidentally 
present.  Also  the  occur- 
rence of  butyric  and  formic 

acids  as  products  of  the  decomposition  of  other  constituents  of  the  urine 
has  been  observed.  These  newly  formed  acids  exjiel  the  uric  acid  from 
the  simple  sodium  urate,  so  that  free  uric  acid  and  neutral  sodium  biuratc 
(acid  sodium  urate)  must  be  formed.  With  the  commencement  of  acid 
fermaitation.  the  urine  appears  to  absorb  oxygen.  Even  while  the  urine 
has  an  arid  reaction,  it  becomes  turbid  and  cxhilnts  the  presence  of  nitnms 
acid,  whose  source  is  as  yet  undetermined.  The  presence  of  nitrites  is  dis- 
closed by  the  development  of  an  intensely  yellow  color  on  addition  of 
potassium  ferrocyanid  and  acetic  acid.  According  to  v.  Voit  and  Hoff- 
mann, phosphoric  acid  is  detached  from  acid  sodium  phosphate,  with  the 
formation  of  the  basic  salt,  and  partly  displaces  uric  acid  from  sodium 
urate  and  partly  causes  its  transformation  into  biurate. 

On  standing  for  some  time,  and  more  readily  when  exposed  to  heat, 
the  urine  eventually  imderjjoes  ammoniacal  fermentation  (Fig.  is-l). 
the  urea  being  decompo.<;ed.  with  addition  of  water,  into  carbon 
dioxid  and  ammonia,  as  a  result  of  the  development  of  the  micrococcus 
and  the  bacterium  urese  (Fig,  155),  at  times  arranged  like  a  string  of 


Fiti.  Ill — Snlintnt  due  to  Add  Vibuir  Ftrmcniniiiiai  m,  far- 
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pearls.  The  ammonia  is  recoji^iKable  both  fmm  its  odor  and  from  the 
vapor  that  forms  when  a  rod  moistened  with  hydrochloric  acid  is  held 
o\'er  tlie  urine. 

The  cnpntijlity  of  decomposUig  uTva  i6  po!ises!«d  bcsidn  by  t-arknut  Othtr 
bacteria,  inchtdinii  thr  ittHphj-lticocin  and  the  |iuhiM>naiy  urcircc,  whose  (cnms 
float  evtr>'whFrc  in  tltc  ;iir  Thtsi-  oTganisms  produce  a  solubk-  frrmcni  that 
tlrconniiWfs  urva.  Miqiu.*!  dcscnbts  ten  niicru/irganbnu  that  dccoiiif>osc  urea 
and  uric  nciil. 

In  consequence  of  the  presence  of  tlie  ammonia  formed  in  the  urine. 
the  latter  Itcoonies  turbid  I>€cause  substimces  are  precipiuited  that  are 
no  longer  capable  of  being  held  in  solution,  namely  amorphous  tribastc 
calcium  phosphate:  acid  ammonium  urate  (Fig.  154.  a)  in  the  form  of 
thom-.ipple  or  monnng-siar  spherules;  and,  rinallv.  the  large,  clear. 
rnftin*li»l  shaped  crystals  of  uiiimonto-magnesium  i^liosjjhatc  (6).  There 
are  formed,  also,  volatile  fatty  acids,  principally  acetic  acid  (from  the 
carbohydrates  of  the  urine).  In  the  presence  of  catarrhal  and  inflain- 
matory  conditions  of  the  bladder,  the  fermentative  process  may  take 

place  within  this  viscus.  Under 
such  circumstances,  however, 
leukocytes  ( pus-corpuscles ,  Fig. 
160),  and  desquamated  epithe- 
lial cells  are  admixed  in  con- 
siderable amount.  When  pus  is 
])re!ient  in  Lirge  amount,  the 
urine  becomes  albuminous. 
Rarely,  free  gases  form  in  the 
bladder  [pneumaturia),  as,  for 
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instance,  in  consequence  of  the  entrance  of  the  bacterium  Uctis  xro- 
Kenes(Pig.  116,  2).  A  bacillus  generating  hydrogen  Rulphid  (bacteriuni 
col)  commune)  and  one  generating  methylmercaptan,  have  also  been 
foiind- 


ALBUHHf  m  THE  URINE:  PROTEnrURU,  ALBUMINURIA. 

For  the  physiciwi,  albumin  is  a  must  importunt  abnormul  conittitiiunt  of  the 
urine. 

(i)  Senim-Albumio  (nliotw  properties  ore  described  oa  pp.  75  and  45S)  may 
appenr  in  the  tirino  in  the  absence  of  anatomical  nll^ratton  io  the  structure  of 
tnc  kMnry,  nnd  the  condition  hiM  h«rn  dcKt^ntcd  hv  l^u)>c.is  physi^hgieiil  aihm- 
minuria.  '  Albutnin  has  oftan  been  found  normally  tn  the  unne  in  mluuto  traces, 
panicularly  in  coiuequence  of  tbe  presence  of  h  eunHidcrnbte  amount  of  albumin 
in  the  hlcK  id  •plasma  (as.  for  inxiance,  when  the  avcniiun  of  milk  is  auppreued) 
and  after  a  meal  conliiinin];  an  excess  of  protcid,  .Mlnimin  ix  common,  also.  Ul 
ll»e  urine  of  the  fetus  and  tire  new-born,  (t)  lUTicn  ihc  rresmn  in  ilir  distributor 
of  lk«  rtnal  txistts  is  iacreaatd  (aa,  for  instance ,  after  a  cold  bath  or  after  exccaiive 
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drmBcing  af  fluids) .  either  for  a  considerable  timo  or  aa  a  transitory  pticnommon. 

Carticularly  in  associaiion  with  hypostiitti:  hyperemia  attendinz  diseases  of  llie 
cart,  cirphysrma.  chronic  ulenral  eflustons.  inriltrnlions  of  ilic lunipi:  and  after, 
cmiiprcsaion  of  the  chest  that  causes  siAsU  in  the  pulni<7nar>'  circuUtion,  and 
liniiliy  extends  iato  the  renal  veins,  (j)  After  diviuaii  i/r  parulyus  of  iha  Uii»- 
m^iic-t  ■i.-'v«i  of  Ike  kiiiitty,  in  comttrquenee  ol  which  iutenw  h>'j>«.-renija  of  the 
kidney  is  brcmght  nhnut.  In  this  category  belongs  the  .ithumiiiuria  fdllovvitijf 
seven.-  and  pnrtmctrd  painful  aiT^ctions  of  tiw  abdotninnl  viBccra,  .is,  for  instance, 
strangulacim  hernia,  in  consL-qucnce  of  which  reflex  paralysis  of  the  nerves  of  ihe 
renal  vessels  in  induced.  After  severe  mmrti/or .xiWiVnt,  as  iu  marches,  parturi- 
tion, orconvuUivc  sei/wrrs,  in  ca»«-»  eif  i:iiilet.«iy.  cclam|isi:i.  the  con vulniini!' attend- 
ing suffocation  and  sirvchnin-poisiininK,  The  albuminuria  ohscrvcd  in  conjiunc- 
tion  with  coneussifn  uf  Uie  hram.  aiio[iU-xy,  and  spinal  paralysis,  severe  emotional 
dtsCurt>ance5.  e\rc9«iv«  mimtal  aelivily,  juid  nittrtiliinixiii,  is  ponsihly  uttrihutiible 
to  a  disorder  of  the  vasomotor  centers.  (4)  inahiiily  ci  tiir  part  vj  (A*  tpilhtitat 
(«Us  t'>  *fstKitn  Ihf  ii/6u>KM  ntay  cause  albuminuria;    and,  ss  it  apf-cflrs,  in  consc- 

?ucnee  of  difectivc  nutrition  and  functional  dcbihiy  of  the  secivtory  elem^ts. 
n  this  cateK>jry  txalongi:  the  albuminuria  attending  Wheinia,  and  that  foilowine 
hein"rrhtig«^'  and  attending  anemie  conditions,  scorliutiiti.  icterus,  diabetes,  and 
tlie  death-a^ny,  (;)  Jn  association  with  m.^ny  ot^Mlf  jebtilc  dtiratts.  especially 
the  acute  e>aitt)iemata  (as.  ittt  msiance,  searlei  feveri;  further,  typhoid  fever, 
imeumonia.  nnd  nyemia,  It  i»  probable  that  iimlrr  swi^h  circum^tanixs  the  scene- 
tor>"  apparatus  01  the  kidney  has  undergone  ehangi-i  (cloudv  sneHinR  of  the  epithe- 
lial cells  uf  the  urinary  tubules,  inJlaimntttiun  of  ihc  glomeruli)  that  render  the^e 
incapalilc  of  pre^'CntiiiK  the  cjieapi.-  of  the  albumin.  (f>)  Livsrnfraliim  of  iht  kiditeyi, 
Kuch  an  contraction  of  the  kidneys,  amyloid  dfH<-neratioti,  further  inflammatory 
proccnes  in  their  various  stjiges,  am  generally  atlcndrd  with  alhuminuha,  Scm- 
mola  bos  shown  that  the  albuminum  ailendtng  nephritis  is  not  rarely  dependent 
rather  upon  the  mate  of  the  blood  than  upon  the  dise:(*e  of  the  kidneys.  He 
lielieved  thai  the  renal  lesion  ficcurx  in  general  as  a  wrcondary  phennmem 'n,  while 
ihc  albuminuria  is  primary,  except  the  form  tliat  is  a  result  of  ihr  inllanuiiatton 
d  the  kidney  itself.  (7I  Finally,  injlamntaiory  uwd  iuppuralii-e  ptcceisti  in  iht 
urinary  fattates.  from  the  tielvis  of  the  kidney  to  the  catirniity  of  the  urethra, 
may  cause  albuminuria.  Under  such  circuoisUuiccs,  however,  tcukocytcti  an 
alivays  found  in  the  urine;  not  rarely,  also,  erythrocytes  or  the  products  of  their 
solution,  and  librin-coa^ln.  Certain  tubstoncei  that  f^vc  rise  to  irritation  and 
intUmmation  of  the  unn.'»ry  apna(ftlus  ivhnidd  tinallv  he  mcntionird,  such  as  can- 
tharidcs  and  carbolic  acid.  (»)  The  apj-earanc*  of  albumin  in  the  urine  after 
sodium  ehlorid  tiax  fceeti  enttrdy  eitminnusi  jrom  tkt  food  it  noteworthy.  The 
albumin  disappear*  when  the  salt  is  resumed 

Demonstration  of  Albumin  in  the  Urine. — (a)  After  strong  acidulation  nith 
acetie  acid,  a  fen"  drops  tif  a  coneeiurated  solution  of  {tmanitim  jeirMyanid  causes 
a  precipitate. 

(Jn)  Urine  to  which  is  added  one-third  its  volMme  of  pure  nitric  acid  exhibits 
a  precipitate,  A  resulting  turbidity  may  be  due,  apart  from  albumin,  to  the 
precipitation  of  urales.  Slight  heat,  however,  c»u^es  Holution  of  the  latter,  while 
albtimin  remains  turbid- 

(cl  Urine  to  which  b  few  drops  of  ncetie  acid  an-  added  and  which  is  then 
mixct]  with  an  equal  volume  of  concvMnVed  sudiuut  sulpiiaie  and  boiled  yields  a 
precipitate. 

(d)  The  urine  is  acidulated  with  a  few  drops  of  conoeniriited  acetic  acid,  and 
liltration  is  practised  for  the  removal  of  mucin.  The  urine  is  then  cautiously 
overlaid,  drop  by  drop,  in  a  tcst-iube  held  obliquely,  by  the  follrtwing  mixture: 
Mercuric  cldorid.  Hi  tartaric  acid,  4;  j(lycvriii.  io:  water,  304.  Turbiaitv  results 
at  the  'line  of  contact,  Albiiruosc  is  disclosed  by  the  same  re.ictioii,  but  it  is 
redtssolvcd  by  heat,  Jolles  rreommcnds  tlie  following  mixture;  Ten  parts  of 
mercuric  ehlorid.  le  parts  of  succinic  acid,  to  parts  uf  sodium  ehlorid,  and  goe 
parts  of  water.  Kive  cubic  eentimetens  rjf  tiltertd  urme  are  acidulated  with  t 
cu.  cm.  of  30  per  cent,  acetic  acid  and  4  cu.  cm.  of  Che  reai^nl  deivcrihed  are 
added, 

<«)  A  few  drops  of  JO  per  tent.  »utpliu<iatieylic  add  arc  added  to  filtered  urine, 
Thb  reaction  diiicliiiSes  (il.-u>  the  prewnce  of  alliunuine.s,  but  the  prei-iiiiijitc  due  to 
tbe  latter  is  cleared  up  on  healing. 

Boiling,  by  driving  off  the  carbon  djoxid,  may  cause  a  precipitate  of  cartliy 
phosphates  in  alkaline  urine,  and  this  may  simulate  albumin.  If.  however,  a 
■matl  amount  of  acetic  aeid  be  added,  the  phoAphnlei  ore  fediuolved,  while  albu- 
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mln  would  be  cuasulited.  Only  cmxll  amounts  of  clear  urine  abould  boempli.,  __ 
in  inakinK  thv  u-sl^  U-t  albiunin.  Turbid  urine,  ilicrcforo.  dioutd  first  be  luiered. 
The  (|UAntiUtivc  estimation  of  aibumia  is  made  as  follows:  loo  cu.  cm.  of 
urine,  if  ticcr^ikirv  uhcr  ^dditiuii  of  a  small  unvunt  at  acetic  acid,  aire  heated 
in  a  dish  to  ihi;  ^oiliTig-itoinl.  with  the  result  that  tbc  albunun  is  precipitated 
a*  a  flrx-culi-m  dcptvtii,  The  pivcipitatc  in  collected  upon  a  weighed.  Mli-free 
filter,  drk-d  ai  ii«'.  and  it  is  washed  repeatedly  with  hot  water,  then  with  alcohol, 
and  is  thoroughly  drit^d  in  llic  air-both  at  no  .  The  dried  tiller  is  now  weighed, 
and  the  weight  of  the  tiltcr  i»  tkdiictfd.  Finally,  the  lilter  with  the  alhiimin  is 
reduced  to  usli  in  a  ueighcd  flntinvim  crucible,  and  the  u'cight  of  the  a&h  is  sub- 
tracted. 

For  the  estimation  by  the  fotaritalian-appofattu,  reference  may  be  msde 
to  p-  a68. 

[jy  mc-nns  of  Etbach's  albumininisttr.  A  gjasfi  cylinder  is  hltcd  with  urine 
to  the  marl;  ('.  and  with  the  alhurnin-precipilatinK  Vciigcnt  <ao  I'urts  of  citric 
acid,  ro  parts  of  picric  acid,  970  part*  of  wator)  to  the  mark 
R,  and  is  then  elowd  with  a  stopper  and  agitated  After  tba 
lapse  of  twcniy-four  hours  (at  Toom-temperaiiirc)  C be  coagu- 
lated .ilhunun  will  li;ivc  st-tiled  Ui  the  bottom.  The  divisions 
of  the  seals  on  the  jilii**  indicate  the  number  of  granis  of  allni- 
min  in  1000  kthris  of  urine.  The  urine  must  have  an  acid 
reaction,  be  frc&li,  and  its  specific  gravity  should  nut  be  ton 
high.  The  pri^ncnre  of  an  exceptive  amount  of  albumin  alM 
may  therefore  require  dilution  of  the  urine  with  from  a  to  4 
limes  n«  miich  water.  The  amotint  of  albumin  obtained  is 
then  Tf.tturallv  to  Ix*  multiplied  by  a  or  4. 

Globulin  has  been  found  almost  exclusively  in  albttminoua 
urin^-,  and,  indc^-d.ui  the  majority  of  cases.  To  demodstrate 
its  presence,  50  cu.  cm.  of  albuminous  urine  are  rendered 
(ccbly  alkaline  withpotassium  hydrate,  and  powdered  magoe- 
sium  sulphate  is  added  to  an  amount  approximatiniE  some- 
what more  than  34- 1  >  per  cent.  If  exposed  to  a  warm  teR>- 
pcrature,  all  of  the  globulin  is  precipitated  in  tbcootirsc  of 
tw«nty-four  hours,  und  it  can  be  filtered  out.  dried,  and 
weighed.  With  this  the  total  amount  of  albumin  should  be 
compared.  The  presence  of  globulin  ii  of  unfavorable  prog- 
nostic significance.  Its  amount  is  diminished  byfavocaUe 
cinn)Iator\'  coiuliliuns  m  the  kidney. 

Propepione  ^Albumose). — Peptone  does  not  oc^rurin  the 
urine.  «hat  ha*  previdusly  been  described  as  such  is  pro- 
peptone.  The  latter  occurs  sometimes  in  acid  albuminous 
iinnc:  rarely,  also,  in  urine  free  from  albumin.  Mnixner 
found  it  constantly  in  conmction  with  all  suppurative  dis- 
orders, empyema,  peritonitis,  pneumonia,  meningitis,  ulcer- 
ative atfcctions  o(  the  digestive  tract,  etc. — {*yog*m<  ptop, 
tctmria.  Alhum'vse  is  always  present  also  in  pus,  and  prop 
Conuria  ts  a  sign  of  the  destruction  of  pus-eoipuscles.  It  nc^ 
cuts  further  in  connection  with  increased  retrogressive  or  de- 
etrucliw  prciTesws  in  tiuues  ricb  in  albumin:  as.  for  instance. 
in  the  presence  of  carcinoma  and  of  fever  In  the  same  category  probably  belongs 
«Uoits  consiant  occurrence  in  the  pucrpcrium;  often.also,  during  pregnancy,  when 
the  fetus  hiw  <iied  and  is  unilc-rgoiiig  putrefaction^^uf  rp^raV  propcpiunurta.  Pro- 
peptone  is  found,  also,  when  the  unnc  contains  semen. 

Demonstration.— Ten  cu.  cm  of  urine  are  heated  with  8  grams  of  ammo- 
nitim  sulphate  until  the  latter  is  diwoK'cd  Then  the  hot  fluid  ift  centrifugated 
for  a  minute.  The  Huid  is  decanted,  the  residue  rubbed  up  with  9;  per  cent 
alcohol  for  the  removal  ol  the  urol:>i)in.  then  ilissoKcil  in  a  small  atnount  of  water, 
and  boiled  and  filtered.  The  lillrale  k  subjected  to  the  biuret-lrst.  Ulien  the 
urine  rontaiuK  bematoporphyrin,  ii  is  advisable  to  precipitate  Uiis  tint  with  barium 
chlorid , 

Egg-albumin  appears  after  gencrftus  ingestion  of  fluid  egg-albumin,  aa  wcU 
as  after  uijcriion  into  the  tissues  or  into  tlic  blood -stream. 

Mucus  i a  prcitenl  in  luaocialion  with  catarrhal  conditions  of  the  urinary  organs, 
particulurlv  of  the  bladder  Microscopical  I  v.  the  presence  of  numerous  leuleoeytes 
IS  noteworthy.  As  these  cnninin  albumin  the  mtennty  of  the  reaction  for  albtunin 
will  var>*  with  their  abutidanco.     The  choractoristtc  rengent  for  imunts,  however, 
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is  arctic  nci'l,  which  pi«duc««  a  flocculent  sediment  also  in  cltnr  fiHered  urine. 
Mucin,  however,  is  not  precipitated  by  boiling.  Thr  nrncoid  substance,  hkcUo- 
albumtn,  wluch  is  precipitated  by  an  excess  of  acetic  acid  in  dilute  urine,  occurs 
as  I  sign  of  renal  irritAtioit. 

In  the  presence  of  disorders  of  the  bliiddcr.  there  rarely  occurs  in  the  urine 
an  admixture  of  a  peculiar  ropy,  gum-like  substance,  consuting  of  tracaformcd 
miicus.  which  is  thought  to  lie  the  product  of  an  anaerobic  bacterium  gliscro- 
genum.  Nttclci^albumin  also  has  been  ftnuid.  tlerived  partly  from  the  bladder, 
partly  from  the  urinary  tubules  of  the  medullar)-  atmcture;  it  i»  prccipitabic  by 
acetic  acid,  Kohsch  and  Bun4>i  found  liistt>i*  in  a  ease  of  leukeniiu.  and  Jolles 
ttatlf^histon.  According  to  Momer,  the  urin«  contains  substances  that  precipitate 
albumin,  such  nschondroitin-Kulphuric  acid,  nucleinic  acid,  rarely  taitnichuiic  add, 
in  larger  amount  in  association  with  jaundice.  If  acetic  acid  be  added  to  normal 
urine,  these  substances  are  M-eniually  precipitated  out. 

BLOOD  AND  HEMOGLOBIN  IN  THE  ITRINE:  HEMATURU, 
HEMOGLOBINURIA, 

In  case  of  hematuria  the  blood  may  be  derived  from  any  portion  of  the  urinary 
apparatus,  (i)  Incoaeof /wmiTrAagu /rem  iA«Aii/»u'>'.  the  blood  ta  gencf ally  admt.xed 
with  the  urine  in  small  amount  and  ia  tvell  difiiributed.  The  erjlhroc^-tes  under 
such  circumstances  often  exhibit  peculiar  alterations  in  shape,  and  processes  of 
division,  which  may  he  brought  about  by  the  action  of  the  urea,  and  which  have 
been  attributed  by  Friedreich  to  independent  ameboid  movement  (Fig,  igg). 
The  blood-cyiittiUri  present  in  the  sediment  are  pa thog;n otitic  of  renal  liemiwrhage, 
that  is.  elon^ted  niicroKcopic  coagula  of  blood,  which  must  be  considered  as 
aaual  casts  of  the  collecting  tubules  of  the  kidneys,  and  nhich  are  washed  thence 
into  the  urine  (Fig.  i66).  (j)  Tn  case  of  heittorrltage  fnmt  ilw  ureiern.  long,  worm- 
like  strinjTi  "f  coagulaiet!  blood  are  occasionally  olwerved  in  the  urine  as  casta 
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fllood-cirpuMl^a  in  Cue  ol  Kiiul  Hcmotum 
(aJHr  KriMrridi). 


o(  the  ureter,  (j)  Relaiivelv  ilie  largest  coagula  of  blood  occur  in  cases  of  Jttmor- 
fhagf  jtoM  iht  blad4itt.  (4)  Blood  is  present  m  the  tihne  as  an  admixture  at  every 
meititnuU  period. 

Urine  containing  blood  should  always  be  examined  microscopically  for  blood- 
corpuscles.  In  addition,  atleiilion  should  be  givai  to  &brin-coagula.  In  acid 
urine,  erythrocytes  can  be  rccogniied  for  as  long  as  two  or  three  davs;  though 
never  arranged  in  rouleaux.  It  the  hemorrhage  has  been  considerable,  the  eor- 
puscles  are  generally  normal  in  shape.  If.  however,  the  urine  is  concentrated, 
they  appear  mulberry' or  thorn-apple  shaped  (Fig.  15;!. 

The  blood-corpuscles  alvrayK  settle  gradually  to  the  bottom  in  urine  at  rest. 
If  the  blood  is  slowly  adniixrd'with  the  urine  and  m  small  amounL  from  ruptured 
capUlancs.  the  erythrocytes  appear  of  variable  siirc,  some  not  larger  than  between 
one-cighlh  and  one-half  of  the  noniial  (Pig.  159).  At  the  same  time,  their  pig- 
ment has  become  brownish  yellow  in  color  (methemogtobin) .  ]f,  in  a  case  of 
bciDOirbage  of  this  kind,  there  cxisls  catarrhal  inSammation  of  the  bladder, 
numerous   leukocytca,    at    times   adherent    to   one    another    (Fig.    i6o>,    which. 
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in  fresh  preparations,  often  exhibit  distinct  anivbcMd  movement,  an  found  amonj 
t^  erjlnrocyUiK,  which  often  are  greatl}'  shrunken.     If  the  urinv.  as  is  usua 

is  of  alkaline  reaction,  cryelc 
of  amiitoniu-niAsneaiuin  pfc 
^ateiN'ill  be  present  (Fig.  i6oJ 
If  ibc  *rn£j'«c>-t«9  hav» 
read)'  become  pale,  tbey 
not  rarely  rendfred  more  dis* 
tinct  liy  Rdditiuti  of  a  wine- 
yellow  (M^ilutifjii  of  iodin  and 
potassium  iculid. 

Hemoflobinuita,   that    it, 
the  elimination  of  hcmoelobii 
through  the  urine,  U  cmirelj^ 
disiinct  tr<3ta  true  hcniatt;  ' 
It  occurs  uidy  when  a  coaiii; 
nblc  amount  of  h«iiKigIobuihai^ 
already  Im-cii   sft    free  in   the 
vessels     Erotn     dissolved     red 
blood-coipuacles  <l>eniocytoly> 
sis).     This  is  olwirrvcd  tn  its 
purest  form  after  trnnsfusic 
of  blood  fiom  an  animal  of 
diflciviit  ipcctev.  and  also  1 
Iambs'  blood  in  hunnan  bcu 
The   foreign    blood -corpt 
are    dissoiv-ed   in    the    blood- 
Btream  of  the  r«eipient  and  the 
hemiiglobin     appears    in     the 
urine.  In  addition. microscopic 
casts  of  the  urinary  tubules  of  coagulated  globulin-]] ke  subitancc,  alaincd  ytHow- 
by  hemoglobin,  arc  present.     Hemoglobin  nas  been  found  in  the  urine,  also.  afteS 
extensive  bums:    after  decomposition  of  blood  in  the  body  in  cases  of  pyemia, 
Korbutus.  purpura,  aeverc  ty- 
plioid  fever;  after  the  iii£Cstion 
of  unbailed  load-itools,  and  of 
liipinB  by  sheep:  nfter  inhala- 
tion of  hydrogpn  arecnid;  after 
t)ie     entrance    of    ozobenzol. 
naphthol.  p>-n)K!illic  acid,  to- 
luylendiamin.  potassium  ehlo^ 
ate,  ehloral.  pbosphorus, or  car- 
bolic acid,  into  tneeirctilation. 
iu(    the«i:    bodies   dissolve    the 
erythrocytes;      and,     finally, 

rcriodically  in  attack*  {in  the 
BTse  alio)  of  nit  \-et  unex- 
plained nnturc.  in  which  the 
condition  appears  to  depend 
tipon  undue  solubility  of  the 
erythrocytes,  particularly  from 
the  action  of  external  cold  upon 
the  skin. 

Dtmoastration  of  Blood  in 
the  Driae. — i,  'Hie  Cf/iT  of 
unne  cont.iining  blood  han 
been  obscr\'rd  to  lie  of  all 
shades,  from  light  n><l  to  dark 
JironntKfi-lil.'ii-k.  m  accordance 
with  the  amount  of  blood 
present.  Often  the  urine  is 
turbid. 

1.  Urine  containing  blood  or  hemoglobin  must  always  exhibit  the  reactions 
of  o/^Ntnift, 

3.  H*il«^t  biead-Ufi:  To  urine  in  a  tcat-tube.  one-third  potAseium  hydrate  il 
added  and  moderate  heat  is  applied.     The  earthy  phwphntes  are  prccipitat 
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and  cam'  <iwn  with  ilicni  hcmocbromoKen.  so  that  £iiniet-recl  Rakm  arc  ile* 
pMitcd.  WliL-n  thi-  unnc  cuntain*  but  a  nnall  amount  oi  blood,  thc.ic  flolccft 
appcnr  red  m  rrlWcU-<l  light  And  grccninh  in  tnuiBmittcd  tight,  ihc  distinction 
being  clflnr  wlim  as  little  as  on«  part  cf  lK>m--^globin  is  pr«scrt  in  a  llioutand. 
I(  the  earthy  phosphates  arc  already  pr<^«ij)itatcd  in  alluklin«  urine,  dcpo«ition 
is  effected  artitici:illy  by  itdditiun  of  ii  few  iln>)>s  of  ningTi>osium  siilphatfl  and 
ammonium  chiorid,  and  the  same  change  in  color  is  apparent. 

4.  Prom  the  carthv  phosphates  thus  obtained,  cjntaiuin^  hemogloliin,  and 
collecwd  upon  a  filter,  hcmin-cryitati  can  tn-  |)n-i)itn>cl.  For  this  purpfls«  the  sxme 
procedure  may  be  followed  as  is  dcscritx-d  on  n,  6^. 

J.  The  reaction  may  be  tested,  also,  with  tincture  of  f^uaiac  and  oil  of  tur- 
p«nline.  Ihe  Worxl  acting  tts  a  carru-r  <>/  oso'if.  Tlie  urine  vhould  not  lose  th« 
prop*rty  of  dcvclopinj;  a  blue  color  &»  a  rvault  of  pri;\-ious  hcKiini: 

6.  Unn«  containing  blood  trhen  examined  with  a  ftpeciroscopie  e:ibihita 
characteristic  appi.-a nine's.  Th«  arranra-mt-nt  of  the  apparatus  is  shown  in  Pig. 
161.  The  urine  is  placed  in  the  chamber  D  (ItematiRometcr)  r  em.  tltick,  with 
parallel  glass  walls.    ThmuKh  tht*  iiii*»  the  rayg  of  light  from  a  lamp.  K,  whil« 
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anotJicr,  K,  illuminates  a  scale,  and  the  observer  makes  his  obserN'atioo  through 
the  Iclcficope.  A,     The  exnmination  yieldn  the  folluninf;  rcfults- 

(j)  FTOsh  urine  containing  blood  exhibits  the  spectrum  nf  oxyh^moglMn  (Fig. 
15).  Under  some  c  ire  urns  tances.  it  is  necessary,  in  this  connection,  to  dilute  the 
orine  with  dinttlleil  wuter  and  to  secure  perfect  clearness  by  filtration.  To  con* 
firm  theobservBtinn,  ilir  oxylii^mo[;ii)hin  may  be  exp owed  to  the  action  of  reducing 
substances,  which  produce  reduced  hemoglobin. 

(6)  If  conccniratcd  urine  containing  blood  is  permitted  to  stand  for  a  some- 
what longer  lime,  i=<pccially  at  the  tenipernture  of  the  blood,  it  acquires  a  deep, 
dark-brown  color,  like  colK-e-jprounds.  in  the  presence  of  an  acid  reaction,  The 
hemoglobin  is  thus  converted  into  wiW'ipww^VoWh.  Mcthwmoalobin  in  solution  is. 
in  contradistinction  from  oxyhemoglobin,  precipitabit  by  lead  acetate.  The  acid 
solution  of  methemoglobin  in  urint  thus  reiultoiR  exhibits  in  the  spec1ro*eope  a 
clrtsu  n^iM-mhUtnce  to  heinaim  in  ;icid  Kululion  (Kig,  15).  If  thu  urine  is  now 
rendered  alkaline,  the  absorjn ion- Kinds  of  mrtheraoglobin  in  alkaline  solution 
appear.  The  spectra  of  oxyhemoglobin  and  mcilicmoglohin  are  also  found  com* 
btncd  in  the  urine.  When  irraied  with  reducins;  substances  metlicmoglobin  is 
transformed  into  henini;lQb>n.  loiter  on,  also  hematin  i$  present  in  acid  solution 
in  the  urine.  If  such  urine  is  treated  with  reducing  substances,  alkaline  hcmatin 
a]>pears. 
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Tracfs  of  kfmiiMporfrkyriti  arc  coiutaat  in  the  urine,  but  in  contidenible 
amouat  ibis  stibxtancc  is.  hon-cvrr.  rare  (in  cases  of  Icad-poisonicg,  intcctiiuJ 
hemorrhacc ,  ailnuiii&tntiion  of  sulfotial). 

^er«ri?njirafiv/i.— ~Tu  500  cu.  cid.  uf  uiiiic  an:  a<ldv<l  loo  cu.  cm.  of  a  ten  pec 
ecnt.  sodium-tivdratc  solution.  The  precipitate  is  wa»bcd  upon  a  liltcr,  dissolved 
in  hydrochloric -aeid  alcohol,  and  exhibits  spcctroscopic&llv  acid  hcmAtopornhyrin, 

(«>  If  urine  containing  blood  is  coagiilaicd  by  boiling  .\nd  the  brownisn-wack^ 
coftguium  )*  woxhed  out  and  dried,  and  then  extracied  xi  gentle  heat  with  alcohol 
containing  sill phtiric  ^cid.  3  bn^K'ii  fluid  it  obtained,  which,  if  KtiiTiciciitly  concen- 
trated, proves  on  spectroscopic  examination  to  be  bcmatin  in  acid  solution  (Fig. 
»S.  S>- 


BltlARY  CONSTITUENTS  IN  THE  URDfE:  CHOLURIA. 

The  pliysiological  factors  that  arc  of  importance  in  connection  with  the  pres- 
ence of  hilitiry  maitcrti  in  the  urine  have  been  in  part  already  di:>cui>^d  (p.  319) • 
If  bilirubin  is  formed  from  hemorrhagic  ex  trava»a  I  ions  throujch  the  activity  ««  the 
connective-tissue  cells,  bilc- pigment  may  pass  over  into  the  urint,  while  the  tissues 
acciuire  n,  ycUow  color.  Casfs  presenting  thi«  peculiarity  have  been  designated 
inAtancvH  of  htntatoeenous  or  anlifpatogftufus  icterus. 

1'he  biliary  eoloring-maiteri  are  demotis-imted  by  the  Gmelin-Hetntz  test 
[p  317):  ih*  appearance  of  th«  grei-n  color-nng  of  biliverdin  can  be  considered  as 
cnaracte  fistic.  The  method  has  received  several  modi  neat  ions.  <i>  If  a  consid- 
erable amount  of  icteric  urine  ia  passed  through  tilter-papcr.  one  drop  of  nitric 
acid  with  nitrous  iicid  yields  the  color- rings  upon  the  inner  surface  of  the  yellow- 
colored,  and.  if  ncccssarv,  warmed,  filter,  (a)  If  50  cu.  cm.  of  icteric  urine,  acidu* 
lated  with  acetic  acid,  he  agitated  witli  to  cu.  cm.  of  chloroform,  bilirubin  paceo* 
over  mto  the  latter.  If  brumiit-waler  be  added,  beautiful  color-riop  appear.  If 
to  the  chloroform-extract  oil  of  turpentine  contAimng  oxone  he  atldcd,  together 
with  a  littla  dilata  potassium  hydrate,  a  men  color  due  to  biliverdin  appaan  in 
the  watery  solutioa.  (j)  Tincture  of  toain  diluted  ten  times  with  alcohol  and 
overlaid  on  the  tirine  gives  rise  to  a  graKS-green  nng.  (4)  Arcording  to  JoUk. 
the  following  procedure  yields  the  most  distinct  rwiuta:  To  jo  cu.  cm.  of  urine 
are  added  5  cu.  cm.  of  a  ten  ]>cr  cent,  solution  of  banum  dilond  and  5  cu.  cm. 
of  chloroform,  agitation  beinj;  practised  for  four  minutes  in  a  vessel  closed  with 
a  glass  stopper.  After  the  lupsc  of  ten  minutes  chloroform  and  precipitate  arc 
pipetted  into  a  dish,  placed  over  the  water-bath  at  a  temperature  of  S^'  until, 
evaporation  takc»  place.  The  mixture  is  then  permitted  to  cool.  Kovr  one  or' 
two  drop*  of  concentrated  nitric  ncid  are  permitted  to  flow  upon  the  precipitate 
at  several  places,  and  the  colorring«  appear.  (5)  The  urine  is  reind<Tcd  nlkalin* 
with  sods,  and  calcium  chlorid  is  added  drop  by  drop  until  the  lluid  overlying 
the  precipitate  appears  normal.  The  precipitate  is  lihered  oS  and  washed,  over^ 
it  is  jKHired  alcohol,  and  it  is  dissolved  by  means  of  hydrochloric  acid.  If  cbe ' 
solution  be  boiled,  a  color  v»r>-ing  between  jn^cn  and  blue  develops.  Wbea 
cooled,  it  yields  a  play  of  colors  from  blue  to  violet  to  red  with  nitric  acid. 

In  the  prcscncv  of  proLraclcd  high  fever,  tlie  urine  at  timca  contains  ooly 
bi'lipraiiii'  II  it  contains  only  c'aoletiiin.  the  urinCi  to  which  hydrochloric  acid 
baa  been  add«d,  is  examined  with  the  spectroscope,  and  a  pale  absorption -band 
wrill  be  found  between  b  and  F. 

H*mati>i4\ti-crystaSs  (Pig.  t)i.  h)  are  present  in  the  urine  when  erythrocytea 
are  destroyed  in  the  blood-Ktream  in  lar^  number.     After  these  had  bem  found 
6rEt  by  v.  KecklinKhauseti  and  Lsndoix.  after  transfiision  of  heten^gencous  blood, 
they  were  obscr^-cd  in  conjunction  with  various  infectious  diseases  that  exercise  a 
destructive  Glltx:t  ujjon  the  erylhrucvtes;    in  cases  of  scarlet  fever .   in  Icswi  degyev  ' 
in  coses  of  typhoid  fever;    and  l.nndois  with  Striibing  observed  them  in  the  urinsj 
in  association  with  atucks  of  periodic  hemoglobinuna.     Landois  refers  the  biUaiy  j 
acids  often  observed  by  hioi  in  the  urine  after  solution  of  the  erythnicytea  to 
the  hemoslobin  of  the  destroyed  corpuscles.     If  old  collections  of  blood  rupture 
into  the  unnarj*  passages,  a.%  in  cases  of  pyonephrosis  or  in  conjunction  with  the 
perforation  of  necrotic  areas,  the  appearance  of  the  crystals  is  comparabls  to^ 
chat  in  the  sputa  in  analogous  cases.     In  coses  of  hypostatic  icterus,  bilirubin, 
which  IS  identical,  was  found  in  crystalline  form. 

The  UUan  adds,  which  DragVndorS  demonstrated  to  the  extent  of  0.8  gram 
in  loo  lilcrsof  normal  urine,  appear  in  larger  amount  in  connection  with  resorptloo- 
ictcrus,  although  even  under  such  circumstances  never  in  considrrablt  amount. 


SUGAR    IK   THE    URIKB. 
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Laadois  observed  them,  also,  in  association  with  the  passan  of  tnliory  matters 
in  conseouBnce  o(  mftfkcd  destruction  of  crythrocj-tes.  Their  pmpfrlics  and 
reaction  navo  already  be«n  described  [p.  31^).' a  solution  of  cane-sugar  0.5  i^m 
to  nrw  Htur  of  wat«T  being  employed  for  the  latter.  Urine  of  low  specilic  gravity 
shouJd  be  concentrated  upon  ths  water-bath.  To  insure  absolute  certainty,  a 
portion  of  urine  is  evaporalvd  over  the  water-batb  aZmoat  to  dryness,  and  Un 
recicltieextractedwitli  alcohol.  The  alcoholic  extract  is  asalncarefully  evaporated 
in  a  porcelain  dish,  and  the  residue  dissolved  in  a  few  drops  of  water  and  sub- 
jected to  Fciicnkofcr's  teat.  If  the  teat  is  acplicd  directly  to  the  urine,  one 
must  previously  have  convinced  himself  tJiat  ttic  urine  is  free  from  albumin,  as 
thia  substance  yields  a  similar  reaction.  In  such  on  event  the  albumin  should 
be  removed  by  boiling  and  tilttAtion.  If  liltcr-pnper  in  dipped  into  urine  to 
which  canO'ittigar  has  M«n  added,  and  the  paper  1^  drird  and  brought  in  contact 
*ith  sulphuric  acid,  a  violet-red  color  results,  which  is  particularly  pretty  in 
triiiu:tnitied  light. 


SUGAR  IN  THE  URIlfE:  GLYCOSURU. 

Normal  urine  contains  traces  ot  dextrose.  Smalt  amounts:  ni  «ui;ar  are  preaent 
after  int;estion  of  suKar  in  large  amounts  (aliment;ir>'  ;r|yci«iiri;0.  itnti  also  in  the 
presence  of  fever,  after  the  dnnking  of  beer  supplemented  by  .ilcohol.  occasionally 
m  the  exceedingly  obese,  in  neurasthenics,  in  association  with  LtrcbraJ  diacaae. 
and  in  advanced  agG.  Glycosuria  occurs  also  as  a  result  of  failtiru  in  intestinal 
activity  in  ill-nourished  individuals;  and.  artificially,  after  ligation  of  the  mesen- 
terie  a-rlcnes.  ncxtrosuria  of  considerable  degree  la  a  sign  of  diabetes  mcllltua. 
In  this  conn^ion,  the  large  amount  of  urine,  tip  to  le.eee  cu.  cm.,  as  vrell  aa 
the  high  speciiic  ftraviiy.  fnm  1030  to  1040,  are  striking.  The  diabetic  patient 
excrctot  u  rpiatively  larger  amount  of  water  through  the  kidneys;  and,  on  the 
other  h.ind,  a  relatively  smaller  amount  through  the  skin  (and  the  lunes*)  than 
a  healthy  person.  ,\lso  the  elimination  of  the  water  ingested  lakes  place  later 
and  more  unifonnly  than  in  liealtb.  Tlie  urine  is  i>alc  ^fllow  in  color,  although 
the  amount  of  coloring- matter  is.  in  the  aggregate,  oy  no  means  diminished;  and 
the  nitrogenous  mailers  arc  increased.  A  diet  of  carboliydralcs  generally  in- 
creases the  excretion  of  suf^ar;  while  a  proteid  diet  may  reduce  it.  Uric  acid 
and  calcium  oxalate  are  often  found  increa«ed  at  the  comn^enccment  of  the  disease. 
On  standing  for  a  considtrable  lime  yeasr-^cllB  Cfuslanily  dcvrlop  in  the  urine. 

For  <|aantitativ«.  asttmatioii  the  tests  for  sugar  already  described  (p.  36S) 
are  appropriate,  although  ihi?  urine  must  be  free  from  albumin  or  be  rendered 
so.     The  following  tests  are  mnst  to  be  recommended: 

(a)  The  fcrmcniatioD-icsi  is  the  most  reliable.  A  test-tube  inverted  over 
mercury  is  jillcd  with  the  saccharine  urine  and  a  piece  uf  yeast.  living  and  free 
bom  sugar,  as  large  <is  a  t'<;a,  and  iilso  one  drop  of  tartaric  acid,  are  added,  and 
the  mixture  is  kept  in  a  -narm  place.  Coxbon  dioxid  collect*  at  the  bottom  of 
the  inverted  tube,  and  disappears  after  the  introduction  of  potaeaium  hydrate. 

{b)  A  i.f  per  cent,  solution  of  copper  sulphate  and  a  solution  containing  19 

Earts  of  Aodiopotassic  tartrate  in  100  parts  ai  a  4  per  cent,  solution  of  tsediiun 
ydrate  are  employed.  Five  cubic  eentimeters  of  urine  arc  bniled  in  a  test-tube, 
and  from  i  to  3  cu.  cm.  of  the  copper-solution  and  35  cu,  cm.  of  the  tanaric- 
acid  solution  in  a  setond  test-tulie.  The  boiling  of  botli  fluids  is  interniuled 
simultaneously,  and  after  the  lapse  of  from  lo  to  35  seconds,  the  contents  01  the 
one  tube  are  poured  without  agitation  into  the  other;  reduction  tlicn  takes  place 
spontaneously. 

(ct  BMtgcr's  test  with  Nytaiider's  modification  (p.  367), 

(d)  In  tbc  application  of  the  p hen ylhydrazin -test,  5  cu.  cm.  of  uiinc  arc 
diluted  with  5  cu  cm.  of  water,  and  0.5  of  phenylhydrasin  liydrochloratc  and  t 
gram  of  sodiiim  acetate  are  added.  The  mixture  is  boiled  for  two  minutes  over 
the  water-bath,  in  permitted  to  cool  slowly  and  to  stand  for  four  hours  in  the 
cold.  Combinations  of  glycuronic  acid  form  similar,  though  plumper,  crystals, 
more  like  ihom-apples. 

(«}  In  applying  MoHsch's  test,  n-naphtliol  disaolved  In  chlaroform,  instead  of 
in  alcohol,  h  (■mptoyeil.  The  test  discloses  the  presence  of  all  of  the  carijohy- 
dratcs  in  the  urine,  under  normal  circumstances  0.46  per  cent,  altogether,  of  which 
o,  ■  is  grape-sugar.     Urine  containing  sugar  should  be  diluted  too  times. 

(/)  IE  to  10  cu.  cm.  of  diabetic  urine  m  a  test-tube  o.j  mg.  of  powdered  gentian- 
violet  are  added,  the  urine  is  colored,  while  nortnal  urine  is  not. 
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Quuiiluilvc  eitiraatfon  is  mule  hy  fcrmentntioci  or  by  thu  titration-iitctbod. 
The  estimation  by  circuinpularization  is,  accordiag  to  Wonn-Maller.  almrist  value* 
leu  for  the  estimation  oE   the  amount  of  suirar  in  diabetic  urine,  an  the  uritMl 
often  contains  in  part  as  yet  unknown  opiir.illy  nctivt-  siibntaims.     If,  iKin-cveri] 
it  be  dcnrct)  to  employ  tliis  method,  the  urine  must  be  previously  a^tatcd  wiUi] 
cofnmcrciol  animal  «liarco«l  mni  tilLcrcd.  in  consequence  of  vrhich  it  bcconMfl 
colorless.     Small  amounts  of  giyecgtrt  derived  from  imnar>-  tubules  that  have 
undergone  glycogenic  def;cneration  hav«^  been  found  by  Leub«  m  (liabetic  urine. 

Alter  ingestion,  the  mjj^rK  that  arc  most  readily  decompoeed  pass  with  jjreatest 
difFicitlty.  while  thos«  thai  are  not  at  all  d<>compo«able  pass  most  readily,  into 
the  urine.  If.  therefore,  considerable  amounts  of  dextrose  are  admrnictered.  m- 
portion  thereof  pajties  into  Uie  urine;  and  a  lanjer  iimounC  in  case*  of  diabett 
than  in  health,  [ngcsl^d  levuloec  does  not  increase  tlic  amount  of  sugar  it)  tt 
urine  of  a  diabetic  patient.  'I'hc  use  of  starch  in  ctmsidemblc  amounts  atx 
nves  riac  to  the  presence  of  sugar  in  the  urine  in  heukh.  although  it  incr 
the  amount  of  suKar  in  casrvs  of  diabetes.  The  ingestion  of  carttfugar  or  oif  mtlJt' 
sugar  in  considerable  amount  cauM^s  th«  pasKage  of  sni«U  amounts  of  each  into 
the  urine  during  health.  The  dialjolic.  under  such  ctrcumaiances,  excretes  an 
increased  amount  of  dextrose.  AccordinR  to  KiiH.  the  cane-sufpir  ingested  by 
a  diabetic  patient  is  decompoted  into  iirape-Gugnr  ami  fniit-xugar;    tlio  Initcr  is 

eoniuined  in  the  body.  tt» 
former  in  part  excrctcil.  The 
hame  taltcs  place  with  miDc' 
sugar. 

LtvulcTt  is  rarely  prcamt 
tn  the  urine,  constitutini;  levtt' 
Icsufta. 

In  KCN-ere  cases  of  diabetM 
mellituB,  Knlz  found  ttvorota- 
u>ry  :i-axyhuiyfic  acid  the  next] 
higrher  analogue  of  lactic  acid. 
in  the  urine,  from  the  oxida- 
tion of  which  diacctic  acid  is  ^ 
produced.  The  latter,  in  itsJ 
turn,  is  readily  decomposed^ 
into  carbon  dioxid  and  acetone. 
3-oxybul>-ric  acid  is  never 
wanting  when  diabetic  coma  is 
present  Acflt>mt  is  present  lO 
the  urine  of  diabetics  often  In 
considerable  amount,  princi- 
pally in  association  with  pro- 
gressive loss  of  stnoKlh.  and 
often  even  in  spite  of  admin- 
istration of  carbohydntea. 
From  oxybutyric  acid  there] 
results,  by  dehydraiion,  n-ero- 
lonic  acid,  which  Stadelmann  found  in  diabetic  urine.  As  atbumiiiuna  results  from 
administration  of  acetone,  the  compHcatiiin  of  nlbuminuna  with  dinbetes  is  clear. 
Milk-sugar — laciosuria —is  present  in  the  urine  of  jnierperal  women,  together 
with  glucose  and  iscintaltose.  chiefly  in  connection  with  milk-stasis.  The  condition 
is  thus  due  to  absorption  from  the  breasts.  Milk-sugar  likewise  appears  in  the 
urine  of  infants  with  derangement  of  digestion. 

Ptnu>3«  baa,  on  sevcml  occasions,  been  observed  in  the  urine:   pcntosurisrj 
This  substance  contains  s  atoms  uf  carbon,  is  not  susceptible  of  fenncntatiooJ 
and  is  capable  of  causing  reduction.     It  may  possibly  be  due  to  disease  of  thfe' 
pancreas,     Phloroglucin  and   hydrochloric  acia  yield  a  red  color.     Pentose  is 
present  in  cofiee,  in  many  wines,  and  in  varieties  of  milk  and  sugar.     Ingested 
pentoses — nntbinose,  xylose — pass  over  into  the  urine. 

Retchart  has  called  attention  tu  the  simulutneuus  appearance  of  tUittnn  ia 
urine  containing  sugar.     Inonitt  has  been  found  both  in  cases  of  diabetes 
in  cases  of  polyuria  and  albuminuria.     Traces  of  it  are  contained  even  in  nc 
urine.     Occasionally.  "suKar-puncture"  in  animals  is  followed  by  ttie  a]>i>caT«ne 
of  inositc  instead  of  dextrow  in   the  urine.     For  the  deteciit>n  of  inngiitc,  Um] 
dextrose  is  removed  by  fermentation,  and  albumin  by  boiling  after  addition  M 
A  few  drops  of  acetic  acid  and  sodium  sulphate.    Of  the  liltrale,  a  few  cubic 
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centimeters  ate  evaporated  in  n  porcelain  dish  down  to  a  icvr  diopi:  then  3  drops 
of  «  solution  of  mercuric  nitrate  (titration-soluiioo  a^t^rdiag  to  J  v,  LieWg) 
an  nddcd.  A  vcllow  prccipitat*  t.ikcs  place  If  this  is  spread  o»it  and  further 
carefully  licoted  to  a  point  beyond  desiccation,  a  (lurk-r«ct  color  appears,  which 
on  cooling  gradually  dtnnpitean. 

Tbe  lugar  may,  in  raro  races,  also  give  rise  to  panfmaniria,  formentation  by 
microbes  cnuEing  tiie  development  of  carbon  dioxid. 


CYSTin. 

Cyatin.  C,HpNAO..  i»  a  levofotatorv  body  that  occtint  normaJIy  in  traces 
ia  the  urine  and  but  rarciv  in  considerable  amount.  It  apwara  in  the  form  of 
Colorlew.  six-iided  plates '{Fig.  t6»,  A),  in  children  also  loaning  concretions. 
Cystin  is  insoluble  in  water,  alcohol,  and  ether;  readily  cuUible  in  ammonia,  after 
the  evaporation  of  ^hich  it  crystallizes  out.  According  to  Baumnnn  and  Preusse. 
there  exist  iniermediary  products 
of  metalHilisni  that  contain  the 
material  Ticci-«ary  for  the  forma- 
tion of  cystin.  When  the  metal>- 
olism  is  normal,  ihcw.-.  however, 
undergo  further  change;  andllteir 
eolpbur  appears  in  the  unne  ox- 
idised as  sulphuric  acid.  In  rare 
eaiea  this  oxidation  fails  to  take 
place;  and  then  the  sulphur  nn- 
pears  in  the  urine  as  c>-stin.  In 
cases  of  phcisphorui- poisoning  the  ^i 
cyatin  ijt  increased. 
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tEUCIN,  C.H^NO,.  AKD  TY- 
ROSIN. c.u„no,. 

Roth  of  these  Ixwlies,  whose 
dcvcIopEOcnt  baa  been  referred  to 
in  the  consideration  of  pancreatic 
dige.ition,  are  present  m  traecs  in 
normal  iinnc.  They  occur  to- 
gBthcT  in  somewhat  larger  amount 
ui  association  with  derangemente 
in  the  (unction  of  the  liver-cells 
(acute  yellow  atnwihy  uf  the  ]iv<rr,  phoi!iphorus-{M>i(ioning).  Aa  the  elimination  of 
urea  is  generally  dimtnishrd  at  the  same  time,  it  may  be  concluded  that  the  liver 
is  chc  seat  of  the  furraaLion  of  urea. 

LMMcin.  which  separates  cither  spuntaneoiutly  in  the  precipitate  or  only  after 
evaporation  of  an  alcoholic  extract  of  the  intpissated  unnc,  appears  in  the  foim 
of  yellowish -browa  spheres  (Mg,  163.  u  .j).  occ.ksi'^nullv  with  tuiieeniric  radiation 
or  provided  with  fine  poinu  at  the  periphery,  When'heated  dry  Icuein  itublimes 
without  (lumg.  ^ 

Tymsin  forms  silky,  colorless  sheaves  of  needles  (Fig.  163,  b  b).  If  a  solution 
of  tyrosin  be  boiled  with  Millon's  reagent,  there  results  at  first  a  pretty  red  color, 
and  shortly  idtenrard  a  deep  browniith-red  precipitate.  If  tyronn  is  gently 
heated  with  a  few  dro]>s  of  concentrated  sulphuric  acid,  it  is  dissolved  with  the 
development  of  a  transitor>'  dccp-rcd  color.  If  it  now  be  diluted  with  water,  and 
barium  carbdiiatc  be  added  to  the  point  of  ncutr^IiKiiiiun,  ihc  niiKlure  boiled 
and  liltervd,  and  dilute  ir<.>ii  cblorid  added  to  the  hltratc,  a  violet  color  appear*. 
Dissolved  in  hot  wntLT,  .-tdLlilion  cif  quinnnc  producer  a  rvd  color. 


SEDIMENTS  IW  THE  URHTE. 


CBoth  in  normal,  as  well  as  in  pitlvlHuical  urine,  precipitates  may  form  at 
the  bottom  of  the  vc**el;  and  th(---:(--  ;irt-  ili^.iignaud  seviimtHis.  They  are  cither 
afffiniud  or  itmrrgitmz^. 
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ORGANIZED  SEDIUBS'TS. 


ORGAlflZED  5EDIUEHT3. 

(A)  Stdimtnt  of  biood:  derived  from  crythroc^lts  and  leukocytes  (Pigs.  157. 
158,  i<9,  )4o).  occaiionallr  also  shred*  of  librin  (Figs.  6,  7). 

(B)  Ptu-coTpMSctii,  in  greater  or  lesbcr  amount  in  association  with  catarrbnl 
oriafianinjator\-proctsx:sin  thcurinar>-  pASitAgts.  entirety  resemble  the  leukocytes 
(I'igs.  6,  7)-  Vnrkcd.  i«-r«isWni  adniixttirc  of  pu«  is  indtcxtivc  of  tTofound 
pannchymatous  suppuration;  numerous  mononucloatcd  loukocj-Tfs,  01  diseiu« 
of  the  kidneys.  DemoiwtratlDa. — If  the  supernatant  fluid  be  poured  oS  and  a.  bit 
of  potassium  hydrate  be  dissolved  in  the  cechmeiit.  the  pus  ts  converted  into  a 
vitreous,  ropv  mass,  later  becoming  more  ronsiitciit  {a1l<Hli<albuminate).  Mucus 
treated  in  this  manner  is  dissolved  into  a  thin  fluid  admixed  with  flakes. 

(C)  Epiiiwiial  ctUi  of  varietl  sliape  and  not  always  diHtin^iiishnble  us  to  the 
source  whence  they  are  dehvid.  They  are  more  nbund.int  in  the  presence  of 
catairhol  conditions  iu  the  parts  in  t)uc«tioa.  In  the  uhnc  of  women,  pavement 
epithelial  cells  irooi  the  vagina  are  also  present.  The  sperma toxoids  likewise  K9 
included  amonff  epithelial  ttnietures. 

(D)  LoiMT  ftynnt  of  organitms.    The  freshly  collected  urine  from  bMlAf 
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uersuns  always  oontaios  many  microdr£anisnu.  which,  however,  have  probably 
been  washed  away  froin  the  urethral  mueou*  membrane.  They  are  principally 
large  or  ^mal!  djplococci.  In  cases  of  gonorrhcn,  gonococei  thus  gain  entrance 
into  the  urine.  Lower  forms  of  'organisms  may  also  appear  in  the  urinary  pas- 
sages, as,  for  Instance,  in  the  bladdn*.  when  their  oerms  have  been  introdueeo  by 
means  of  tmclean  catheters.     The  following  varieties  may  t>c  distinguished: 

I.  Sckitomyctles  (fission -fungi).  In  pathological  cases  bactena  may  gun 
entrance  into  the  urinary  tubules  and  the  urine  from  the  blood.  Bacterial  cul- 
lurrs  injected  artificially  into  the  vessels  are  in  part  eliminated  through  the 
kidno'S.  In  urine  undergoing  alkaline  fermentation,  both  nticrococci  and  rod- 
ahaped  bacteria  or  bacilli  appear  (Fig.  164).  Tlie  sarcin^  arc  further  included 
among  schiiomycetea. 

*.  SaccharotHyeflt's  (fermentative  germs]:  (d)  The  germ  of  acid  lermcntatioa 
of  urine  (taccharomycoi  urinit.-):  small  vesicular  cells,  nrmnged  parth*  in  gronpa, 
partly  in  rows  (Figs.  icj.  u;  Pig.  164.  /).  {b)  Yeast  (saceharaoiyeva'fementuin. 
Fig.  140)  is  present  in  diabetic  urine. 

3.  i'hy<i}iKyctt<i  (molds)  appear  in  ])uirid  urine  as  tnold-furmations  (Fig.  1^4,  *). 
They  arc  without  siRnilJcancc. 

(£>  Of  great  signiticancc  in  the  diagnosis  of  certain  diseases  of  l)ic  kidney  \»' 
the  occurrviH-v  of  »t>-ca]lcd  iirmtiry  cylinJcrs,  that  is.  casts  of  the  urinary-  tnbuka. 
If  tbcae  structures  are  relatively  thick  and  rather  Klnughl.  they  are  probably 
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derived  from  the  collecting  tubules  of  the  kidney:  irhile  if  they  arc  thinner  and 
tortuous,  their  soukc  is  suq>cctcd  to  be  the  coavolulcd  tubules. 

Various  kind*  of  tub«^ASt8  can  be  distiusuished :  i.  Uf^ih^Hal  (oils  {Pig.  16^), 
whieh  conuat  af  cob«rent  (uid  desquamntea  c«lli  of  the  urinary  tubules.  They 
indicate  that  no  pmfound  change  has  as  yot  tnkrn  place  within  the  kidney,  but 
that,  as  in  CAtarrhal  inflammatory  states  of  mucous  membranes,  the  epithelial 
cells  are  in  process  of  deju^u  a  mat  ion.  a.  Hyalttu  luiff-casis  (Fig.  t?i)  are  com- 
pletei^'  homutfcneuus  and  tranKjuircnt.  They  are  most  rradily  di-m»iutrat«(l  by 
addition  of  a  stdution  of  todin  to  the  preparation.  They  arc  ecncrally  long  and 
nanow;  occasionally,  they  present  riae  ilisseniinatcil  points,  or  mi-granulca  ^ncly 
granular  tube-casts,  Pir.  169).  They  ai)t>e*r  not  t«  be  derived  from  a  traiiHuda- 
tion  frvm  the  blood,  but  as  a  result  of  Ibc  scerrtot)'  activity  of  the  epithelial 


^(®^^ 


Fro.  iM.-BkNid-cuii. 


Tta.  Id 


tiftOTV.J^bch). 


Pm.  !«£.— Atiil  Sr»liuni  l.'rate  11 
u.    the  Fflim  «[  rut>*~<Mi(. 


I'm.  ttg. — Find  r  OonuUi  Tube- 

CllU. 


Fin.  Ill,— ii,  Myillnc  tutiriui; 
t,  hnlini  lulw-fut  Tilh 
kuluKyI**;  <•  liyalliw  tuS«- 
cut  wih  mill  ettihrlnim 
(•Iter  V.  Jikich). 


cells  of  the  urinary  tubules.  3.  Darkly  granular  tubt-cans  (Pig.  170).  brownish 
yellow,  opaque,  and  conttvttttng  wholly  at  a  granular  mass,  are  usually  somewhat 
wider  than  hyaline  tiilie-ca.iis,  Klarkcd  varifttions  of  the  latter  occur.  Not 
rarely,  they  cxliibit  fattily  degenerated  or  atrophic  cpiihclinl  nrlls  of  the  urinar>' 
tubules.  4-  Aniyloiii  Imm-cjiM  occur  in  cases  of  amyloid  dcgcueralioo  uf  tlic 
kidneyn.  They  have  a  waxy  luster,  are  completely  homogeneous  (Fig-  i?'.  •^) 
and  yield,  with  smiphuric  acid  and  solution  of  iodm,  the  blue  color  nir  amyloid 
rtsction.  5.  Btoini-tasu.  consintin^  entirely  of  coagulated  blood,  with  distinct 
bloodnxiTpuscleg.  occur  in  asHOcialion  mth  capillary  hemorrhage  into  th«  tissue 
of  the  Idaney  <Fig.  idb).  These  are  allied  to  the  easts  found  in  connection  wi:h 
hemoglobinuria:  a«.  fur  instance,  after  tranKfiision  of  heteroKeneous  blood.  They 
consist  of  hemoglobin  or  of  its  globulin  tinged  nith  hcmatin.  The  tube-costs 
stained  yellow  tSac  have  been  observed  in  conjunction  witli  icterus  probably  also 
reenlt  from  the  albumin  of  dissolved  blood-corpuacles.  Urine  containing  tube- 
costa  is  always  albuminous. 
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Tub€-<asu  of  leuhceyus  are  observed  in  coiiiieclioa  with  .suppurativa  ptP- 
ccucs  in  llic  Mnnar>-  tuuulct  (Fix  i67>-  V^l>'t  nrranRrd  in  tb«  >htip«  of  tube- 
cnsti  arc  without  f^ignihcnrc*  (l-'ig.  i*f>> ;  at  wi"!!  «»  o/i«'i»t>uij.  frnmi-d  of  mucuji. 
fritb  which  short  atronds  of  mucui  arising  in  the  urrter.  the  bladder  ihr  prostate, 
the  uwnia,  and  the  vagina,  may  be  confounded. 

CirORGAJIIZED  SEDIMENTS. 

Th«  unorganised  s^dimems,  in  part  crystalline,  in  part  am<>rpbouB.  have  already 
iPljBBlved  coDsideratiou  in  the  discussion  of  the  indiv-idual  constttueois   of  this  | 


SCHEMATIC  RESUME  FOR   THE  RECOGNITION  OF  ALL  OF 
THE  SEDIMENTS  IN  THE  URINE. 

I.  In  odd  urine  there  niHy  l«  found — 

I.  An  amoTphi'ux  ^rutnbu'iK  ifli»u-i:t. 

(a)  Wliich  15  soluble  in  the  heat  and  is  aenin  precipitated  in  the  cold,  und 
whidi,  on  addition  of  a  drDji  of  acetic  acid  to  ti)c  microscopic  prcparatioKi,  forms 
crystals  of  uric  acid,  which  often  has  a  ptddish  color  (1>nck-du±>t  po«-dtr). 

This  vcilimrnt  OTisista  of  ffJiuin  or  fofassium  bturaU  ^Fie    >5,0. 

(6)  The  Bcdim^ni  is  not  dissolved  W  heat,  but  on  addition  of  nc«tir  acid. 
and  withoitt  eftcrvescence.     Thjs  is  prohafily  irihanc  cautum  phosfkaM. 

(£J    Highly  refruciing  granules.  occumiiK  ocvjiwimally  and  soluble  to  ether. 
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are  jat-ghbulfs.     Fat  occurs  in  the  tuiae  particularly  in  conjunction  with  the 
presence  of  a  round-wonii  (filaria  umguinis  hommls)  in  the  blood  (only  in  for> 
eicnen  or  travrlcr«):    further,  occasionally  toother  with  sugar  in  the  urine,  in 
tuberculous  patients;  m  cases  of  phosphorus-poisoning,  of  ycliovr  fcvvr,  of  pyemia, 
after  pmlrwctcd  sup;  lu  rat  ion;   and.  finully.  after  injections  of  fat  or  niillc  into  tho] 
circulation.      Fntty  dcccncmtion  in  some  portion  of  the  urinary  apparatos.  ad*1 
mixture  of  pus  from  old  abscesses,  and  severe  injuries  (o  boaca,  snould  furtluirj 
t>v  taken  init)  consiOi-rntton.     In  this  connection.  atLention  should  be  fpvcn  abo' 
to  choK-iterin  and  lecithin.     Rarely,  the  amount  of  fat  m  the  urine  may  b«  to 
marked  as  to  give  (Sw  to  a  creamy  appc?arance — chyluria. 

3.  A  Badiment  conBisting  of  d^stals: 

(ii)   rfif  tt.i.f  (Fig  i4»  and  Fti;.  i  jj— whetsLone-shaped  cfyMab). 

ibi  Ciiiciuin  I'xiiitiu  (hi);.  15  j.  Fiif.  161,  A)^«nvclo|>-i(haped  cr>-naU,  inaoh»rj 
bl«  on  addition  of  acrlic  acid. 

U)  fyjtiii  -i.xJrcmcly  raa-  (Fig.  lOi.  .■!>. 

frfj   Lei*ci»  mid  (.i-n/stn — of  jfreat  nwity  (Fij.  163). 

11.  ]n  alkaline  urine  there  may  liconsent; 

I.  The  scdimtjii  is  whoUv  aimtrpiicus  and  cmmbtittf;    it  consists  of  infrartr 
Mleium  fthciphitiL-.     It  is  toluhle  on  a<lditi<'n  of  acids  without  efiefveacencc. 

».  The  sediment  ic  crytitdlttu.  or,  at  leajR,  of  characttrislic  form. 
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(a)  Ammoitii>-magnfi.tiMiH  pkotphait  (Figs.  173,  16a.  i$4>:  LArge  coflin-lid 
crystals,  immediately  soluble  on  addition  of  acids. 

(b)  Smsll  Klobulca.  yt-lloivish  In  rctlt'ctfd  lighl.  dark  in  transmitted  light. 
ottca  |>rovi<l(.->l  with  potiild:  Lhom-iippit:  or  mcirnin>:-!itar  shajied.  ti>KL-tlier  wiOi 
amofpnoua  i^nult-s  O^ig^.  r;i  and  ■;()      Threr  ccmsist  of  Mui  ammomum  urale. 

ie)  Coliium  <ti'botuUe:  ^mall  wlultsh  globules,  biscuil-sbapcd  or  arranged 
aid«  by  ai<Je  in  irregular  masses,  togetbcr  with  amorphous  (crunutes.     Eflerves- 
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oeace  lalces  place  on  additioa  «f  «cid«.  also  in  iHc  tnicty>»co|>ic  preparation  (Fig- 

{d)  L^tteiH  ftnd  lyrostn  nrc  «xtr«mely  rare  (Fis-  t^^)-  Cr^-stAU  of  ntitual 
eatituut  pkospkaU  (Fig.  1;].  <.).  K-ith  thpjr  spcnr-shatxtl  rxtnmiitics  in  coRt«<'t, 
vealso  rare,  as  well  as  plalcs  of  basic  mugiifsiMin  pliospkatf  (Fig.  17&). 

Orifnntcsedimenliimay  occnirlxith  ioiicid.ait  ivell  ns  in  alkahite,  urine.  Amona 
them.  pui'Ciyrpuselts  »«■  pn-wni  vxiHxially  in  aJkwlint-  itriiir.  »nd  the  /iwiwr  forms 
of  vtgttobit  0Tf,a»isms  tikci«sr  predominate  under  such  ciivuniauinccs. 


URINARY  CONCRETIONS. 

Urinary  concretion*  vury  in  lAtc  fnjiii  \\vm  "l  u  gruiii  nf  saiul  or  a  pcbbk-  U> 
that  of  a  fist.  Thvy  nrc  t-ncountcrcd  in  the  blAtldcr,  also  in  the  pelvis  of  the  kid- 
ney, ill  the  uretvrs.  atnl  in  the  prustatii;  sinue,  All  urinary  concretions  contain  a 
fraunework  of  orKamt-  structiirL-  uniting  thu  particles  <■(  iho  formation  into  a 
coherent  mau.      fhi-y  are  divnicd.  accimimR  to  I'ltumann,  a*  folluwt: 

t  ConcrctifiTs  whtwp  nuclrut  cnniiiBts  of  the  M'diincnc  fomiL-il  in  acid  urine  — 
prinUT^^  calculiis-forniAtion  All  of  thrse  ari&r  i>hnurily  in  ihc  kidney  and  pass 
thence  into  the  bladder,  where  they  undergo  enlargement  in  accordance  with  the 
development  of  the  L-r>-»ul»  in  tlie  nrino 

a.  Cdlcul)  thai  have  for  a  nucleus  either  the  scdimenis  found  in  nlkaline  urine 
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or  a  foreign  body — Mcondarj-  coJculus-fonnAlion.    These  develop  in  the  bladdi 
iUclf. 

primary  calcului-foriftalMH  takes  place  from  free  iiric  acid  in  the  form 
sheaves  as  n  nucleus  {Vig.  148,  7),  ana  sumnmd#d  b]/  layers  of  cakium  wuUata^ 
Sftotuiary  calculttt-formaHan  taket  place  in  neutral  urine  ffom  cnlcium  caittonat 
and  cr}^tAllmc  calcium  phosjiliatc,  in  alkaline  urine  from  acid  ntnntonium  urate/ 
atntnonio- magnesium  phosphal*.  and  amorphous  caJcium  phosphate. 

Chemical  examinaiion  next  dctermiaea  wlwther  or  not  Tiie  particles  of  tbe 
concretion  arc  combustible  upon  a  platinum  plate. 

I.  Combi*slibU  tancrtiioHs  can  consist  onjy  of  organic  matter. 

(a)  II  the  murcxid-tcsl  yields  a  positive  reaction,  the  concretion  contains 
uric  aeid.  Uric-acid  calculi  arc  coinmvn.  often  of  considerablv  size,  smooth. 
Father  hard,  and  in  color  from  yellow  to  reddiiili  brown. 

(b)  If  another  specimen  on  boiling  with  putassiwrn  hydrate  yields  an  odor 
ol  ammonia,  and  if  moist  turmeric-paper  held  in  the  vapor  becomes  brown,  or  a 
glass  rod  moistened  with  hydrochluhc  acid  and  held  over  the  vapor  yields  fumeaj 
of  ammoniiun  chlorid.  the   concretion   contains  ttrnm-tKimti  unM.  '\i  ihi«  test! 
yields  a  negative   result,  the  concretion   contains   pure   uric   acid.    Calculi  of ' 
ammonium  urate  arc  rare,  generally  small,  of  cartliy  consistence,  and  in  color 
between  clay-vellow  and  whitish. 

(0  Should  the  xaiUkin-rfocUon  be  positive,  this  substance  is  present,  thougl 
it  is  rnrc.     In  one  instance,  indtg"  has  been  found  In  a  calculus. 

(i)  If  cyiU't-cfysluls  (Fig.  iba.  A)  are  developed  after  solution  in  ammc 
and  evaporation  of  the  latter,  the  prc-tencc  of  this  rare  substance  is  detnonstrated 

(#)  Concretions  compow.^  of  btoi'd-toagttla  or  fibrinmn  flakes,  without  anji 
cr^tollization  whatever,  are   rare.     If  burned,  they  yield   an    odor  of   sin{ 
hair.     They  are  insoluble  in  waier.  alcohol,  and  ether.   They  are  soluble  in  pot 
sium  hydrate,  out  of  which  they  are  repn-ci  pi  table  by  acids. 

(f)   Ut'>xitalilk  IB  the  name  that  has  been  given  to  the  substance  compo«n|r^ 
rarely   found  concretions   which   in  the   fresh  state  are   soft   and    clastic,   re- 
semUinjc  India  nihbcr.     On  drjiiig,  they  bccon^  brittle  and  hard,  and  in  color 
between  brovnt  and  black.     Warmth  causes  them  to  become  softer  a^ain,  ancT 
they  melt  when  heated,     Sobition  takes  plac*  in  ether,  the  residue  of  the  cvapo«J 
rated  ethereal  solution  bceominf;  violet  in  color  on  further  beating.     UrosteautT 
is  dissolv<ed  by  heated  iiotaMium -hydrate  solution,  with  saponiliealion.     Cor 
tions  containing  fai  or  ciu<U-sUfin  are  rare. 

II.  U  concretions  are  only  in  pan  conibusiiblf,  with  a  residue,  they  contain 
organic  and  inorganic  matters 

(d)  A  portion  of  the  calculus  is  reduced  to  powder,  and  this  is  bcMled  witi 
water  and  tittered  hot.  Crates  that  may  be  present  undergo  solution.  In 
to  determine  whether  thv  uric  acid  is  combined  with  sodium,  potassium,  calciuni. 
or  magncsiiun,  tbe  liltrat«  is  evaporated  and  fuied.  The  ash  is  examined  spectro- 
scopieally  (tlnme-speetra),  and  bv  this  means  st^itmn*  and  potasstum  are  rccogniiedkJ 
Magtuitum  urate  nad^auium  unte  ore  transforcned  byfuslngintocarbonates.  Inl 
order  to  Keparate  the  two,  Ch<^  ash  is  dissolved  in  dilute  hydrochloric  acid,  anil 
filtration  is  praotised.  The  filtrate  is  neuiraltied  with  ammonia:  then  again  di*^ 
salved  with  a  few  drops  of  acetic  acid.  Addition  of  ammonium  oxalate  precic' 
tates  calttum  oxalate.  Filtration  is  now  practised,  and  to  tbe  liUrate  are  add< 
sodium  phosphate  and  ammonia.  By  this  ineana  the  inagnciKa  is  separated 
ammonio-magnciium  phQiphate. 

(b>  CaU\Mm  oxaioJe  occurs  principally  ia  ctuJdren,  cither  at  small,  smootbi 
pale   hem  pseed -calculi,  or  in   dark,  nodular,  hard  mulberry -calculi.       (I   is  notj 
affected  by  acetic  acid,  is  soluble  in  mineral  acida,  without  effervescence;    and  t| 
reprecipitated  by  ammonia.     When  fused  upon  a  platinum  plate,  the  aj 
bMomes  black:  it  is  then  burned  white  to  calcium  carbonate,  which  \mi 
effervescence  ujmn  addition  of  acid. 

<ci  Caicium   carbonatt  occurs  generally  in  vrhitinh-gray.  earthy,   chalk-like; 
rather  rare  calculi  that  usually  are  multiple.   It  is  soluble  in  hydrochloric  acid  witk.^ 
elTerveacencc.     When  fused,  it  becomes  at  first  black,  from  admixture  of  mucus; 
but  soon  afterward  white 

(</)  Amm^^nto-mogtuiiunt  phosphaK  and  basic  calcium  ^wspfiaif  are  i 
united  in  soft,  white,  chalky  stones,  which  at  times  attain  quite  consideral 
size.     Such  calculi  imply  a  long  sojourn  in  ammoniac.-tl  urine.     The  tirst  tubstanec''' 
yields  an  odor  of  ammoni.^  when  hestcrl,  and  morr  di^tinctlv  when  heated  with 
potasciuin  hvdraic.     It  is  soluble  in  acetic  acid  witlKiui   cfTrrvescrru-c.  and  is 
prccipiute<l  in  crystalline  form  from  this  solution  on  addition  of  ammonia.     When 
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fused,  the  specimen  melts  to  a  white,  porcelain-like  mass.  Basic  calcium  phos- 
phate does  not  effervesce  with  acids.  The  solution  in  hydrochloric  acid  is  pre- 
cipitated by  ammonia.  The  solution  in  acetic  acid  yields  calcium  oxalate  on 
addition  of  ammonium  oxalate.  In  order  to  isolate  calcium  and  magnesium  from 
such  stones,  the  process  described  in  paragraph  (a)  should  be  followed. 

(e)  Neutral  calcium  phosphate  is  rarely  found  in  calculi,  but,  on  the  other 
hand,  not  rarely  in  urinary  sand.  Such  concretions  resemble  the  earthy  phos- 
phates in  physical  and  chemical  properties,  except  that  they  contain  no  magnesia. 

THE  PHYSIOLOGICAL  PROCESS  OF  URDTARY  SECRETIOIT. 

The  two  older  and  most  important  theories  of  secretion  will  be 
mentioned:  (i)  Bowman  held  that  the  glomeruli  secrete  only  ■water, 
and  that  the  epithelial  cells  of  the  urinar>-  tubules  through  their  glandu- 
lar activity  furnish  the  specific  urinary  elements,  which  the  onflowing 
urinarj'  water  washes  out  of  the  cells.  (2)  C.  Ludwig  assumed  that  a 
dilute  urine  is  secreted  in  the  capsules.  Passing  through  the  urinary 
tubules,  this,  by  endosmosis,  returns  water  to  the  blood,  which  is  more 
deficient  therein,  and  to  the  lymph  of  the  kidney,  and  thus  becomes 
reduced  to  normal  consistence. 

The  secretion  of  the  urine  in  the  kidneys  depends,  however,  not  alone 
upon  physically  definable  influences,  but  it  must  rather,  in  accordance 
with  a  series  of  acquired  facts,  be  assumed  that  in  addition  the  vital 
activity  of  special  secretory  cells  plays  a  prominent  r61e.  The  physical 
or  chemical  forces  obviously  imderlying  the  latter  have  not  as  yet  been 
determined.  The  secretion  includes  (i)  the  urinary  water,  and  (3)  the 
urinary  elements  dissolved  therein.  Both  together  constitute  the 
totality  of  the  secretion.  The  amoimt  of  urinary  water  secreted  in  the 
glomeruli  determines  principally  the  amotmt  of  urine,  while  the  amount 
of  substances  dissolved  in  the  urinary  water  determines  the  concen- 
tration of  the  urine. 

The  amount  of  urinary  water,  which  is  secreted  principally  in  the 
capsules,  depends,  in  the  first  place,  upon  the  blood-pressure  in  the 
distribution  of  the  renal  artery;  and,  accordingly,  is  governed  by  the 
laws  of  filtration.  The  amount  of  urinary  water  furnished  is,  however, 
not  dependent  upon  the  hydrostatic  pressure  alone,  but  the  fimctional 
activity  of  the  cells  lining  the  glomerulus  is  also  of  influence.  In  ad- 
dition to  the  water,  a  certain  amotmt  of  the  salts  occurring  in  the  urine 
is  secreted  in  the  glomerulus;  albumin,  however,  is  retained.  In 
consideration  of  the  functional  activity  of  the  cells,  the  amoimt  of 
urinary  water  must  depend  also  in  part  upon  the  rapidity  with  which 
new  blood  conveying  the  material  for  secretion  passes  to  the  glomeruli; 
and,  in  part,  upon  the  amount  of  urinary  elements  and  water  contained 
in  the  blood. 

The  independent  activity  of  the  secretory  cells  is  present  only  when  their 
vitahty  is  intact.  It  is  paralyzed  in  consequence  of  transitory  occlusion  of  the 
renal  arterj'.  For  this  reason,  the  kidney  no  longer  secretes  under  such  circum- 
stances, even  when  the  circulation  is  restored  after  removal  of  the  compression. 
The  observation  that  the  urine  is  not  rarely  found  to  h«ve  a  higher  temperature 
than  the  arterial  blood  is  also  indicative  of  this  activity. 

The  dependence  of  the  secretion  upon  the  blood-pressure  will  be 
made  clear  by  the  following  observations : 

1.  Increase  of  the  total  contents  of  the  vessels,  in  consequence  of 
which  the  tension  in  the  vascular  system  must  increase,  increases  the 
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amount  of  filtered  urinary  water.  Injections  of  water  directly  into  the 
x'esseU,  or  the  ingestion  of  considerable  tjuantities  of  fluid,  operates  in 
this  direction.  If  the  increase  in  blood- pressure  exceeds  a  certain 
level,  albumin  may  even  pass  into  the  urine.  Conversely,  loss  of  water 
in  consequence  of  profuse  sweating  or  diarrhea,  or  copious  venesection, 
as  well  as  prolonged  thirst,  will  cause  diminution  in  the  nmount  of 
urinan.-  secretion.  The  circumstance  that  the  blood -pressure  does  nut 
rise  constantly  after  free  drinking  is  evidence  of  the  functional  activity 
of  the  cells  of  the  glomeruli,  as  is  also  the  fact  that  the  amount  of  urine  is 
not  increased  after  large  transfusionii. 

a.  Diminution  in  the  vascular  capacity  will  operate  in  a  similar 
manner:  contraction  of  the  cutaneous  vessels  under  the  influence  of 
cold,  stimulation  of  the  vasomotor  center  or  of  considerable  areas  of 
the  vasomotor  ner\'es,  ligation  or  compression  of  arteries  of  large  size, 
envelopment  of  the  extremities  in  tijjht  bandages.  iN'aturally  the  op- 
posite conditions  will  be  followed  liy  a  reduction  in  the  amount  of  unn«:| 
the  influence  of  heat  upon  the  skin  to  the  point  of  redness  and  dilM 
tation  of  tlw  vessels,  enfeeblement  of  the  stimulation  of  the  vasomotor 
center,  or  paralysis  of  considerable  areas  of  the  vasomotor  nerves. 

3.  Increased  cardiac  activity,  in  consequence  of  which  the  tension 
and  the  rapidity  of  the  current  in  the  arterial  distribution  arc  incieas 
augment  the  amount  of  urine.  Conversely,  enfeeblement  of  the  heart*! 
action  (paresis  of  the  motor  nerves  of  the  heart,  disease  of  the  hei 
muscle,  valvular  lesions)  diminishes  the  amount  01  urine.  Artific 
irritation  of  the  vagi,  in  consequence  of  which,  with  slowing  of  the  hea 
beats,  the  avcra^  blood-pressure  fell  in  animals  from  ijo  to  100  mm," 
of  mercurj'.  with  slowing  of  the  pulse,  was  followed  by  a  reduction  in 
the  amount  of  urine  to  about  oue-lifth.  At  40  mm.  of  aortic  pressure 
the  secretion  of  urine  ceases. 

4.  The  amount  of  urine  secreted  rises  or  falls  with  increasing  or 
diminishing  fulness  of  the  renal  artery,  Even  moderate  compression 
of  the  artery  in  animals  is  followed  by  distinct  reduction. 

Pathological. —  In  the  pTcsvnci:  of  fc^'v^.  thvrc  is  diminished  fulness  of  the 
ranal  vessels,  wiih  conwcutivp  rc-due tion  in  the  ^mi>vint  of  urine.  The  obMTvaUoo 
is  of  especial  Eicntlieance  for  the  pathogenesis  of  certain  diseases  o(  the  kidney_ 
that  ligature  of  the  renal  artcr>-,  even  i(  coiiHniuMl  Tor  only  two  liours.  caoa 
necrosis  of  the  cpith<4iuni  of  the  urinary  tubulrs.  In  casr  of  aru-rial  anemia 
lonser  duration  m.'crous  of  ibe  entire  rvnal  structure  takes  place.  Kibbcrt  itxini 
the  epithehitl  e<-lU  of  the  cotwuluted  tubulea  greatly  altered  after  coinpreuiion 
the  renal  artery  for  some  time. 

Most  ditiretic  medicaments  act  in  one  or  another  of  the  directions 
indicated,  tn  rase  of  increased  diuresis,  the  limicn  of  the  urinftry 
tubules  is  increased. 

The  pressure  within  each  afTcrent  vessel  must  be  relatively  large,  because  (t) 
the  diiplicxite  ca|i>lli»ry  arrantjoniiwit  in  the  kidney  often,  contiderable  resistance, 
and  because  (1)  ihr  r'tTcivnt  vessel  has  a  much  narrower  lumen  than  the  aScretit 
reuel.  In  accordance  with  these  facts,  an  excretion  froni  the  blood  into  the 
cajMulcs  of  the  uriiury  ^bules  will  take  place  from  the  capillary  loops  of  tlie 
g^Iomcnilus  In  conK<iui-nci-  of  the  liltraiion-pmsuic.  Dilatation  of  tfac  afTrnent 
vessels,  as,  for  instance,  from  the  action  of  the  ner\'es  upon  the  uiuth>ilctl  mufcutar 
iiben.  mill  itiervusc  the  til  I  rat  ion-pressure ;  while  constriction  will  dimintsh  thr 
Kcretion.  U  the  reduction  in  the  presture  has  become  to  coniidcrable  that  the 
blood-current  in  the  renal  vein  m  (Vigtinctly  slowed,  the  secretion  of  urine  begins 
to  diminish,  tt  is  a  remarkable  fact  that  occlusion  of  the  renal  veins  completely 
■uppretsseA  the  secretioa.     C.  Ludwig  has  concluded  from  this  that  the  secret' 
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of  fiuid  according!)^  can  not  take  place  from  the  true  renal  capillaries,  because 
the  blood-pressure  in  these  must  be  increased  bj'  occlusion  of  the  veins,  and  this 
would  cause  increased  filtration.  On  the  other  hand,  the  observation  mentioned 
would  indicate  that  the  secretion  takes  place  from  the  capillaries  of  the  glomerulus. 
The  venous  stasis  in  the  efferent  vessel  distends  this  vessel,  which  arises  in  the 
center  of  the  convolution,  to  such  a  degree  that  the  capillary  loops  are  pushed 
together  against  the  wall  of  the  capsule  and  compressed,  so  that  no  filtration  can 
take  place  from  them.  Whether  some  fluid  is  given  off  through  the  urinary 
tubules,  especially  the  convoluted  tubules,  is  as  yet  undecided. 

The  amount  of  urine  and  the  amount  of  contained  urea  are  diminished  by 
venous  stasis  in  the  kidneys.  The  amount  of  sodium  chlorid  remains  constant, 
while  that  of  albumin  in  pathological  urine  increases. 

As  the  blood-pressure  in  the  renal  artery  equals  between  120  and 
140  mm.  of  mercury,  and  the  urine  in  the  ureter  is  propelled  tmder 
exceedingly  slight  pressure,  so  that  it  is  no  longer  capable  o£  escaping 
against  a  counter-pressure  of  from  10  to  40  mm. — provided  by  a  manome- 
ter introduced  into  the  ureter  divided  transversely — it  must  be  clear  that 
the  blood-pressure  is  also  capable,  as  a  vis  a  tergo,  of  forcing  the  stream 
of  tirine  through  the  ureter. 

The  degree  of  concentration  of  the  urine  depends  upon  the  amount 
of  the  constituents  in  solution  passing  out  of  the  blood  into  the 
urinary  water.  The  cells  of  the  convoluted  urinary  tubules  appear  to 
take  up  these  substances  from  the  blood  by  means  of  an  independent 
activity.  The  urinary  water  passing  through  the  urinary  tubules  from 
the  glomerulus,  and  containing  only  readily  diffusible  salts,  later  takes 
up  these  substances  out  of  the  cells  of  the  convoluted  tubules  by  a  pro- 
cess of  extraction.  The  independent  activity  of  the  cells  is  indicated 
by  the  following  facts; 

1.  Sulphindigotate  of  sodium  (indigocarmin),  which,  when  injected 
into  the  blood,  passes  into  the  urine,  can  be  recognized  in  the  interior  of 
the  cells  of  the  urinary  tubules,  but  not  in  the  capsules.  Further  on, 
this  substance  is  visible  in  the  lumen  of  the  urinary  tubules,  whither  it 
is  washed  by  the  current  of  urinary  water  from  the  glomerulus.  If, 
in  such  an  experiment,  the  cortical  layer  containing  the  capsules  has 
been  removed  two  days  previously  by  cauterization  or  with  the  knife, 
the  blue  pigment  will  have  remained  in  the  convoluted  tubules.  It 
will  not  have  advanced  onward,  as  the  current  of  water  from  the  de- 
stroyed glomeruli  is  wanting.  This  observation  thus  indicates  that 
the  glomeruli  furnish  principally  the  urinary  water,  and  the  convoluted 
tubules  the  specific  urinary  elements.  Heidenhain  and  Sauer  observed 
also  urates  (injected  into  the  blood)  secreted  by  the  convoluted  tubules. 
Nussbaum  has  also  demonstrated  that  urea  is  not  secreted  by  the  cap- 
sules, but  by  the  urinary  tubules.  Mobius  found  the  same  with  respect 
to  the  biliary  pigment,  Glaevecke  with  respect  to  the  iron  salts  of  the 
vegetable  acids  when  injected  subcutaneously,  and  Landois  first 
described  the  same  condition  with  respect  to  hemoglobin.  After  in- 
fusion of  milk  into  the  vessels,  Landois  encountered  numerous  fat- 
globules  within  the  cells  of  the  urinary  tubules. 

It  appear;;  that  the  capsules  may  also  lake  part  in  the  process  only  after 
abundant  secretion.  After  infusion  of  large  amounts  of  sodium  sulphindigotate 
and  after  the  observation  has  been  continued  for  some  time,  the  epithelium  of  the 
Malpighian  capsvUes  al.so  exhibits  the  blue  discoloration.  Likewise  in  the  presence 
of  albuminuria,  the  abnormal  elimination  of  albumin  takes  place  first  in  the  urinary 
tubules  and  later  in  the  capsules.  Also  hemoglobin  occurs  in  part  in  the  capsules. 
Egg-albumin  is  believed  by  Nussbaum  to  be  excreted  through  the  capsules. 
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Dt$s«  studied  the  alterations  in  the  secretory  cells  durinsf  their 
activity.  With  the  comnicncenient  of  this  acti%"ity  the  cells  become 
larger,  and  bright  areas  of  the  protoplasm,  infiltrated  with  secretion, 
appear  as  halos  al)out  the  nucleus.  The  discharge  of  the  secretion  iiito 
the  lumen  of  the  tubules  takes  place  through  filtration.  The  brus^h- 
border  indicates  only  the  empty  cell ;  it  disappear.';  while  the  cell  is  being 
filkd  with  secretion. 

Huile,  H.  M<'ckt-I,  Lcydis,  and  Bial  obwcrved  in  snails  constituoits  of  the 
urine  (guanin)  within  the  cells  of  the  kidney. 

3,  Also  when,  either  after  ligation  of  the  ureter  or  in  consequence  of 
marked  reduction  in  lilood -pressure  in  the  renal  artery  (after  division 
nf  the  cervical  cord  or  venesection),  urinary  water  is  no  longer  secreted, 
the  substances  named  are,  nevertheless,  after  introduction  into  the 
blood,  seen  to  pass  over  into  the  urinary  tubules.  Injection  of  urea 
likewise  again  stimulates  the  secretion.  This  indicates  that  the  secre- 
tory activity  takes  place  independently  of  the  filtration-pressure. 

The  independent  vitnl  activity  of  the  glandular  cell»  of  the  urinary  tubulea^ 
not  wtpininnblc  bv  physical  procpssc*  makes  it  impoKsiblc  to  consider  the  ^IsnduUf  ] 
tubules  as  a  simplo  apparaiu;  rptembling  phymeal  membranes.     This  ta  thowmj 
Also  by  the  following  eKpt'nmeni :    Abeles  peitniit«d  the  circulation  of  sr 
blood    tn  cunttmie   :irtitici;illy    thrinigh    fr«li.    living,  extirpiited   kklneys. 
urinous  fluid  (.-scaped  from  the  un-ter  drop  by  drop.     If  urea  or  sugar  were  addedl 
to  the  circulating  blood,  the  vessels  btcainc  dilated  and  the  secretion  contained'! 
the  ndmixL-d  ?ii1iMaitei-s  in  scaler  concent  rati  on.      Thus,  also  the  nurvivini;  kid-f 
ney  excretes,  in  conceninttcd.  fonn,  suWuinces  that  circulate  in  the  blood  in  a 
dilute  state.     The  eamc  ob»cr\'ation  was  made  bv  I.  Munk  in  analogous  experi- 
ments with  sodium  thlorid,  potassium  nitrates,  caHein,  grape-nuKar,  and  xb'o-'^i". 
with  an  jnerfftBe  in  the  total  amount  of  the  secretion.     Addition  of  eAffetn  or 
theobromin  to  the  circulating  blood  induces  an  inerrase  tn  the  Mcretion.  stimu- 
lates, thua.  the  secretory'  cells  theniMrlves  to  increased  activity.     The  a&mmptioBi 
of  vital  activity  alone  explains.  uUo.  whv  the  serum -albumin  of  the  hloud  doCM 
not  pa&s  into  the  urine,  although  (-i£|j-a)buinin  or  dissolved  hemoglobin,  iotro*' 
duced  into  the  blood,  docs  so  rapidly. 

AmonE  the  salta  that  occur  in  the  total  btood.  also  in  the  blood -corpuscle!, 
naturally  only  those  ia  solution  can  puss  over  into  the  urine.  Those  toat  are 
united  to  protcids  or  in  the  cellular  elements  cannot  pass  over,  or  at  least  only 
after  decomposition.  Tliii  fact  explains  the  difierence  between  tlie  sails  of  tb« 
total  blood  and  thos«  of  the  urine  The  urine  can.  likewise,  lake  up  only  tlw 
gftses  nhtinrlicd  into  the  blood,  and  not  i\\(kc  in  chemical  combtnatiun 

Should  staimulton  of  the  secretion  take  ]i]mv  in  the  ureter,  as  after  Itgattc 
juid,  later,  in  the  urinary  tubules,  a  return  of  the  secretion  mlo  the  tissue  of  ihel 
kidney  and.  later,  into  the   blood  will  be  observed.     The  kidney  tiecomes  edem- 
atotts.  in  consequence  of  distention  of  its  l>'mph-(qiace».     The  secretion  i*  altered, 
inasmuch  as,  lirst,  water  is  reabsorbed  into  the  blood:   then  the  sodium  chlor 
in  socretion  i»  diminiahed,  likciciac  sulphuric  acid  and  phosphoric  acid,  and.  finally^ 
also  the  urea       Krealinin  will  still  ue  present  in  conmlerubic  amount.     A  true  ' 
secretion  of  urine,  later  on,  no  longer  tnkvii  place. 

The  circimistancc,  ftirthi-r.  is  noteworthy  that  th*  two  kidnej-s  never  secrete 
synunetrically.  The  condition  is  one  of  alteniatiom  in  activity  and  h\*peT«nia. 
The  one  kidney  secretes  a  llutd  containuif;  a  larger  amourit  of  water,  and, 
at  the  same  time,  more  sodiiiin  cblorid  and  urea.  It  may  even  lie  more 
ftcid.  v.  W'ittich  observed  that  llic  excretion  of  uric  acid  in  tlie  kidneys  oi 
birds  does  not  lAkc  place  uniformly  in  all  of  the  urinan-  tubule.t.  but  only  in 
varying  areas.  The  extirpation  of  one  kidney  or  its  morbfd  de^  ruction  in  htuoan 
beings  does  not  diminish  the  secretion.  There  occurs  increased  activity,  will 
cnlarsvoicnt  of  the  remaining  orgnn:  and  this  is  due  to  the  increased  functit: 
demand*  upon  the  secretory  cells  of  this  kidne}'. 
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The  question  has  often  been  raised,  whether  the  urine  is  really  se- 
creted through  the  kidney,  or  whether  the  urinary  constituents  are  not 
in  part  prepared  by  the  kidney  itself.  The  following  experiments  will 
shed  light  upon  this  subject : 

1.  The  blood  already  contains  one  part  of  urea  in  from  3000  to  5000 
parts ;  but  the  blood  in  the  renal  vein  contains  less  urea  than  that  of  the 
artery.     This  fact  indicates  that  urea  is  excreted  from  the  blood. 

3.  After  extirpation  of  the  kidney^nephrectomy — or  ligation  of  its 
vessels,  urea  accumulates  in  the  blood  and  progressively  with  the  lapse 
of  time  to  between  -j-J^  and  j-Jj.  At  the  same  time,  fluids  containing 
urea  and  ammonia  are  vomited  and  discharged  with  the  stools.  Ani- 
mals die  after  such  profound  operations,  moreover,  within  from  one  to 
three  days. 

3,  If  the  ureters  are  ligated,  the  actual  secretion  of  the  kidneys  soon 
ceases.  After  this,  the  accumulation  of  urea  in  the  blood  likewise  in- 
creases, and,  indeed,  as  it  appears,  not  in  greater  amount  than  after 
nephrectomy.  Nevertheless,  it  is  possible  that  the  kidney,  in  its  meta- 
bolic activity,  does,  like  other  portions  of  the  body,  prepare  some  urea  in 
its  tissues. 

4.  The  blood  of  birds  contains  uric  acid  even  under  normal  con- 
ditions. Ligation  of  the  ureters,  as  well  as  of  the  renal  vessels,  or 
gradual  destruction  of  the  secreting  renal  epithelium  by  means  of 
subcutaneous  injections  of  neutral  potassium  chromate,  is  followed  in 
birds  by  a  deposition  of  uric  acid  in  the  joints  and  tissues;  so  that  the 
serous  membranes  particularly  acquire  a  whitish  incrustation  there- 
from. The  brain  remains  free.  Also  acid  combinations  of  uric  acid 
with  ammonia,  sodium,  and  magnesium  are  thus  deposited.  Extir- 
pation of  the  kidneys  in  serpents  gives  rise  to  the  same  phenomena  in 
lesser  degree. 

From  these  experiments  it  may  be  concluded  that  the  urea,  and  with 
it  probably  most  of  the  organic  constituents  of  the  urine,  are  excreted 
principally  through  the  kidneys,  but  are  not  prepared  in  them.  The 
seat  for  the  formation  of  all  of  these  substances  is  probably  to  be  re- 
ferred to  the  tissues.  The  urea  is  formed  from  decomposed  proteid,  and 
principally  in  the  liver.  As  a  result  of  experiments  with  birds  and 
serpents,  v.  Schrader  and  Colasanti  come  to  the  conclusion  that  the 
formation  of  uric  acid  cannot  be  assumed  to  take  place  exclusively  in 
any  definite  organ.     Urobilin  is  formed  from  hemoglobin. 

Little  is  known  concerning  the  physiological -chemical  processes  in  the  kidneys 
themselves.  HippurLc  ;icid  is  formed  in  part  in  the  kidney,  for  the  blood  of 
herbivora  contains  no  trace  thereof;  but  the  synthesis  of  this  substance  in  rabbits 
takes  place  also  in  other  tissues.  If  blood  to  which  sodium  benzoate  and  glycin 
have  been  added  is  passed  through  the  vessels  of  a  fresh  kidney,  hippuric  acid 
is  formed.  If.  further,  phenol  and  pyrocatechin  are  digested  with  fresh  renal 
tissue,  the  corresponding  sulphuric -acid  combinations  that  occur  in  the  urine  are 
formed.  The  latter,  it  is  true,  are  formed  also  by  similar  digestion  with  hepatic 
and  pancreatic  tissue  and  with  muscle.  From  these  observations  it  may  be  con- 
cluded that  in  the  body  the  substances  in  question  arc  prepared  within  the 
kidneys  and  the  ort,'ans  named. 

The  kidnevs  are  extremely  rich  in  water,  and  they  yield  an  alkaline  reaction. 
In  addition  to  serum- album  in,  globulin,  nucieo- albumin,  albumin  soluble  in  sodium 
carbonate,  a  gelatin-yielding  substance,  fat  in  the  epithelial  cells  (principally  after 
33 
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Uie  ingcstioa  of  milk  and  meat),  the  clastic  sarcQlcmma-likr  substance  o(  ibc 
mrmlnaiia  jnyjpria  ol  Ult  urinary  tubules,  and  th«  tismt-c-lcaifiits  ui  the  vuscls 
and  their  unstrititcd  niuxclvs,  thu  kidney*  contain  leucin,  xanthin.  hj'pnxanthin, 
knatin.  tawrin,  inocitr.  cyrtin  (the  last  i*  prfStiil  in  no  other  tissue);  «nd  of  these, 
the  niQJority  pass  intu  the  unni>  either  not  at  all  or  only  in  f^mall  amount.  The 
prefiPiKx-  ti('thi-!.e  substances  indicates,  prubably.  aclix-e  luetal'olii'm  in  ihe  UidnL-ys, 
ami  this  is  wiKEwttpil  alwi  tiy  ihi-  jnrjit  vrn-tfls  uf  the  kidney.  Durirj;  the  srcretlon 
of  the  kidnt-ys.  the  blood  of  ihv  rtnal  vein  is  said  to  bccomr  bright  iwl.  and  lo 
\ic  deprived  i>f  its  fibrin.  If  alkaline  blood-scrum  be  filtered  through  a  layer  of 
nucleo-a]biiniin  or  kvilhiii-alhuiniu,  an  ai-id  liltnttu  paiMis  ihroujEh.  Lteliennanii 
explains  in  a  similar  tnatiner  the  development  of  acid  urinv  on  piuaing  blood- 
plasitia  through  the  rciial  r].>)lhelium  containing  lecithin-albumin. 


THE  PASSAGE  OF  VARIOUS  SUBSTANCES  WTO  THE  URUTE. 

The  fiilUnvinij  :ml.«tanc(.-j.  jjil^s  unohimjci-d  into  ihi- uniii.-'  Alkaline  itulphnte*. 
borates,  silicates,  nitrites,  enrlHuiatrs;  ,ilk:ihne  chUrridis,  lirotnidn.  and  i<K)ids: 
potassium  aulphocyanatc,  potasiium  ferrocy.inid;  salts  of  the  l>iliar\'  neids;  urea, 
kr«atinin:  cumarie.  oxalic,  campltonc.  pyrogallic,  sehaeylic  acids,  further,  many 
alkaloids,  :u(.  for  instanec.  moriihiii.  slnchnin,  curariii,  ii'iiinin.  cafTrin;  among  thia 
nigmenis.  sodium  siilphindigotate.  carmine,  gamboge,  madder,  logwood,  the  color* 
inK-maiier  of  huckleberric*.  mulberries. cherries,  rhulwrb:  funlicr. santonin:  and,' 
finally,  the  Milt.s  of  ^old,  silver,  mercury,  arsenic,  bismuth,  antimony,  iron  fbut 
DO  lead),  which,  however,  pass  in  largest  amount  into  the  bile  and  into  the  feces. 

Inorg.'inic  acids  appear  in  human  beings  and  camivora  as  neutod  antoM- 
sium-salts;  in  hcrbi\.*ora.  as  neutral  alk.ilmc  Mlts. 

Certain  substance*  that  gL'nerallv  undergo  deeompowtion.  e\"CTi  when  they 
nin  entrance  inin  the  bliuul  in  small  ainciunls.  puf^  in  pan  into  the  urine  trhm 
tbey  aceuniidatv  in  the  blood  in  considerable  amotint,  because  they  arc  not  cofn- 
plciely  deconiposvd.  such  as  sugar,  hcmo^obm,  egg-albumin,  alkahne  talu  of  the 
vegetable  acida,  alcohol,  chloriiii>rm. 

Many    substances    appear    in    ihc    urine    as    oxidation-prodnct*:    mixicrate 
ammints  uf  alkaline  »ult.^  id  the  vegetable  aeids  ax  alkaline  rartioriateit:  uric  acid 
in   part  as  oUantuin;    sodium  sulphite  acid  and  b)'posulpbite  m  part  as  sodium 
sulphate;  potassiiim  sulphid  at  potassium  sulphate.     Many  oxida  appear  as  aiiit^j 
oxida,  benzol  as  phemtl. 

Those  bodies,  such  as  plyccrin  and  the  tesini!,  thai  are  completely  wn- 
Buraed.  exhibit  no  special  ik-nvaiivc*  in  the  urine. 

Some  substances  undergo  syntbesiK  with  metabolic  products,  and  appear 
in  the  urine  as  conjueated  combinalions.  In  this  calecory  belongs  the  deveiop^i 
ment  of  liippuric  acid  by  con;ujfution,  the  fonnatton  uf  the  conjugate  sulpliatcs, 
a*  well  a»  the  formntinn  of  un-ii  by  synthesis  from  oirbnmic  acid  and  amntonia. 
After  administration  of  camphor,  or  of  chloral  and  butyl -chloral,  a  conjugated 
corabinatioD  with  vlycuronic  acid,  an  acid  ck'scly  allied  tu  Augar.  appcam  in  Ihe 
urine.  TauHn  and  varcoran  undert^u  conjutfalion  with  sulphamic  or  caibnmic  acid. 
Phenyl  bromid,  when  ndmrnifttered,  enters  mto  conjugation  with  mereapturie  acid, 
a  body  allied  to  cystin 

Tannic  acid,  CnH,fO,.  takes  up  water,  and  is  thtis  decomposed  by  hydrt>< 
lysis  into  two  moleeuleh  <>(  gallic  aeid  —  j(.,H,(>,. 

Potaasium  iodatc  and  bromatc  are  reduced  lo  potassium  iodid  and  bromid: 
malic  acid.  C,rt«Oi.  in  part  to  succinic  ai-id.  C,H,0,:  tndigo-btue,  C.^HuN/),. 
takes  up  hydrogen  to  form  indigo- white.  0,iH„.\',Og. 

Finally,  mnny  sul>stancen  do  not  pass  into  the  urine  at  all.  such  a«  scnun- 
albumin,  oils,  insoluble  metallic  ealu,  and  metals. 


mFLUENCE   OF  THE    RERVES   UPON    THE  SECRETION  OF    THE 

KIDNEYS. 

As  yet,  only  the  influence  of  the  vasomotor  nerves  ttpcm  the  fil* 
tration  o(  the  urine  from  the  renal  vessels  is  known,  and  these  nerves 
appear  to  be  derived  from  both  halves  of  the  spinal  cord  for  each  kidney. 
In  general,  it  shotild  be  borne  in  mind  that  dilatation  of  the  branches  of 


IKFLUEXCE    OP    NERVES    UPON    SECRETION    OF    ElONEr. 


S'S 


w 

w 
w 


w 


the  renal  arteries,  particularly  of  tlie  afferent  vessels,  niust  increase 
the  pressure  in  the  glomeruli,  and  therefore  ihe  amount  of  filtered 
Huiii  increases.  Tht  greater  tlic  measure  in  which  the  dilatation  of 
the  vessels  is  contiiie<i  to  the  distribution  of  the  renal  arterj-  »lone, 
the  greater  will  be  the  amount  of  urine.  The  lower  dorsal  nerves,  in  the 
<Iog  principally  the  twelfth  and  thirteenth,  contain  the  Uirgest  number 
of  the  vasomotor  fibers  for  the  kidney. 

Division  o{  the  renal  plexus  is,  as  a  rule,  followed  by  increase  in  the 
amotint  of  urine.  Occasionally,  in  consequence  of  the  increascrl  pres- 
sure, albumin  is  observed  to  pass  into  the  Malpighian  capsules;  and  with 
rupture  of  the  vessels  of  the  glomeruli  even  blood  may  appear  in  the 
urine.  The  center  for  these  renal  vasomotor  fibers  is  situated  on  the 
Hoor  of  the  fourth  ventricle,  in  front  of  the  origin  of  the  vagus.  In- 
jury, as  by  puncture,  in  this  situation  is,  ihcrcforc.  followed  by  increase 
in  the  amount  of  urine  (diabetes  insipidus),  occasionally  with  the  simul- 
taneous appearance  of  albumin  and  blood.  Naturally,  any  injurv  of 
the  active  nerve-path  from  the  center  to  the  kidney  has  a  similar  effect. 
The  center  for  the  vasomotor  nerves  of  the  liver  is  situated  close  to 
this  center,  and  injury  of  the  former  gives  rise  to  the  production  of 
sugar  in  the  liver.  Eclchard  obsier\'ed  hydruria  develop  after  irritation 
of  the  vermiform  process  of  the  cerebellum  lying  upon  the  medulla. 
A  similar  result  is  brought  about  in  human  beings  also  as  a  result  of  irrita- 
tion in  this  situation  by  tumors,  inflammatory  processes,  and  the  like. 

If,  in  addition  to  the  distribution  of  the  renal  artery,  an  adjacent 
extensive  vascular  area  be  paralyzed  sinmltancously,  the  blood-pressure 
in  the  distribution  of  the  renal  artery  will  be  less  high;  as.  at  the  same 
time,  much  blood  finds  its  way  into  the  other  paralyzed  area.  Under 
such  conditions,  therefore,  cither  h.  slight  or  only  a  transitory  poh-uria 
will  be  observed.  In  this  way,  there  residts  a  moderate  increase  in 
the  amount  of  urine  for  a  few  hours  after  division  of  the  splanchnic 
ner\-e.  which  contains  the  vasomotor  fibers  for  ihe  kidney.  These 
leave  the  spinal  cord  in  part  through  the  first  dorsal  iien'e,  and  pass 
into  the  sympathetic  neri'e.  The  splanchnic  contains,  at  the  same 
time,  also  the  fibers  for  the  extensive  distribution  of  the  intestinal 
vessels.  Irritation  of  this  nerve  is,  naturally,  attended  with  the  op- 
posite effect. 

If,  with  paralysis  of  the  renal  ner\'es,the  overwhelming  majority  of 
all  of  the  vasomotors  of  the  body  are  at  once  puralyzed,  the  pressure 
throughout  the  entire  arterial  distribution  falls  in  accordance  with  the 
cJttcnsive  dilatation  nf  all  of  these  vasciilar  paths.  In  consequence, 
the  secretion  of  urine  diminishes,  even  to  the  point  of  complete  cessation. 
This  last  effect  is  seen  after  division  of  the  cervical  cord  down  to  the 
seventh  cervical  vertebra.  This  fact  explains  the  ol^sercation  that  the 
polyuria  that  occurs  after  injury  to  the  floor  of  the  fourth  ventricle  dis- 
appears as  soon  as  the  spinal  cord  down  to  the  twelfth  dorsal  nerve 
is  divided. 

The  presence  of  a  large  amount  of  urea  in  ihe  blood  causes  con- 
traction of  the  vessels  of  the  body,  but  dilatation  of  the  renal  vessels. 

Cmtractiun  of  ibc  vessels,  And,  therefore,  at  the  same  time  of  the  volume 
of  the  kidney,  are  caused  by  a8phYx.ia  and  stryclinin-poU'ininK;  also  irritalioa  of 
aeosoiy  nerves  has  a  similar  rvllex  i^Qocl.  Extir|>xli'.>n  of  the  nervi-s  nf  the  kidocv 
bftS  the  o(>|K>nt«  effect.  During  fever,  the  ve«u.'U  at  the  kidney  are  eontractcif, 
probably  m  consequence  of  irritation  of  thcccJiier  by  the  abnorm'slly  heated  blood. 
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urs>iia;  ammoxieuia;  uric-acio  ovscrasia. 


Repealed  inlmlntJon  of  cv1>on  moooxid  it  said  oconotiallv  to  1>e  attended 
Tvith  polvurift,  perhaps  in  c<Mi»ciucnce  o(  pnmlyiii«  of  the  center  for  the  vaeomoXoc 
nerves  of  the  kidticyti, 

According  lo  Cl".  Bernard,  irritation  of  the  vagus  at  the  cardia  causes  increased 
secretion  uf  urine,  with  reddeiiinii  of  the  blood  in  the  n-niil  veitm.  Pos»)>]y  this 
nerve  contains  vasodil&lor  tibcre  that  Ivhave  similarly  to  the  corresponding 'fibers 
in  the  facial  nerve  for  the  salivary  glands.  The  vagus  innervates  the  intrinsic 
uostHaled  musculature  of  tlie  kidney. 

According  to  Arthaud  and  Bultc  and  others,  irritation  of  a  i»criphcml  ex- 
treimt3f  of  the  vagus.  coo\-erscly.  dimlnisJics  the  secretion  of  urine  and  the  circu- 
Utlioi)  in  botli  kidneys.  Atr^pm  renders  the  experinient  iuipciSSiWe.  The  v«gu» 
thus  appeori  to  be  the  vasomotor  ner\'e  of  the  kidney.  According  to  Boeri,  it 
poaaseg  trcjphio  functionit,  a.*;  nlliuniinuria  occurs  after  division  of  the  v^nu. 
Irritation  trf  the  cervical  sympathetic  likewise  diminishes  Ihc  secretion.  This 
irritation  appears  to  be  reHex.  being  tntnstnitted  Through  the  spinal  cord  to  the 
splanchnic  ner\-e. 


UREMIA;  AMHONIEMIA;  URIC-ACID  DYSCRASIA. 

After  e\Ur}iHti(>n  of  iht  kidneys,  ne[)iirtctoiiiy.  or  ligation  nl  the  urcK-ra.  wlUcli 
renders  further  M-crriii/n  of  urine  iinpoKuble ;  further,  alstj.  in  human  beings,  ■■: 
a  result  of  extreme  urinary  stasis,  as  well  as  in  consequence  of  morUd  alteratkntj 
in  the  kidncy.t  <intlaitiiuation.  faity  degeneration,  and  desquatnation  of  the  cpith^ 
lial  cells  of  the  uriiuirj'  tubules,  cicatricial  contraction  of  the  kidney,  amyloid 
degeneration),  Ihcrp  develop  a  scries  of  char.icU-ri.il.ic  phvnunnrnji  thnt  rcAcmbIc 
an  intoxication,  and,  if  of  marked  degree,  cnusc  death,  with  degeneration  of  lh» 
gan^ia  in  the  cerebral  cortex  and  the  spinal  cord.  This  condition  is  designatwl 
uremic  intoiticaium  ur  iit^mid.  Among  the  phenomena,  the  following  are  con- 
epiciiotis:  Mental  pn«trati(jn,  Miinnolence,  even  loots  of  ccmsctousness  to  the  point  ■ 
of  deep  coma,  and.  in  addition,  from  time  to  time,  the  Dccurrcncc  of  twiichine 
or  even  widespread,  severe  convulsions.  Occasionally,  there  arc  delirium  ana< 
general  eseitemeni.  At  the  same  tina;,  the  occtirrence  of  the  so-called  Chcyne- 
Btokca  rcspiratorv  phenomenon  is  often  observed.  Occasionally,  trao&itor>'.  in- 
variably bilateral,  blindness  nceim,  fn>m  ti>xic  paralysis  of  the  paychcMjptiC 
center.  There  may,  however,  take  place,  quite  independently,  h«morrhA^ 
extravasations  into  the  retina,  eaiising.  raroly  pcrtnnnent.  blindness — apopk^te 
rctinitiB.  Also  impairment  of  hearing  is  nliserved  Vomiting  and  diarrbeA  are 
common.  Ammonium  carbonate,  formed  in  the  digestive  tract  from  urea,  as  well 
as  kreatin.  causes  uremic  diarrhea.  Also  the  breach  and  the  i-mnnation  from  thv 
skin  may  exhale  the  o<lor  of  ammonia.  The  alkalinity  of  the  blood  and  the' 
amount  of  oxygen  in  the  blood  are  diminished.  The  retention  of  substances  that 
are  normally  cacreled  by  the  urine  niurtt  t>c  eonaidercd  as  the  cause  of  these 
svmptoms,  although  it  has  not,  as  yci,  been  possible  to  designate  whh  certainty 
IQC  substances  that  must  be  considered  as  the  Agents  upon  which  the  toiuc 
phenomena  depend. 

Stispicion  was  first  directed  to  urea,     v,  Voit  obBer\-ed  that  even  healthy 
dogs  exaibiced  ureniic  niarif(.-ii.<ati»iis  when  they  partook  of  urea  for  a  considerabw 
time  with  their  fnod   if,  at  the  same  tim«,  the  use  of  water,  which  wotUd  hava 
earned  oil  the  urea  rapidly  tbrou^  the  kidneys,  was  prevented.    Funher,  Mdacner  J 
found  that  death  amid  ureniic  man  if <.-«tali(His  could  be  hastened  m  nei>lirectOiniMd  1 
animals,  if  urea  was  at  the  s.ime  time  injected  into  the  blotxl.     An  injccliao  off 
moderate  amounts  of  urea  into  the  blond  of  entirely  healthy  animals  was  not, . 
it  is  true,  followed  by  uremic  syniiitonm.  although  one  or  two  grams  caused  a^ 
comatose  state  in  rabbit*      Doga  died  after  subcutanevus  injection  of  urea  to  an 
amount  equaling  one  per  cent,  of   the  hodily  weight.     Hippuric  .tcid  ix  said  to 
have  an  entirely  similar  effect  in  frogs.     Although  uren.  when  introduced  into  tte 
blood  in  large  amounts,  causes  death  with  coiu'ulsions,  this  condition  should  not 
be  confotmded  with  uremic  attacks  of  iniermiitent  occurrence. 

As  injection  of  ammonium  carbonate  causes  s)'mptom5  similar  to  thoae  of 
uremia,  v.  Prerichs  and  Stannius  believed  that  the  decomposition  of  urea  in  tbe 
blood  causes  the  intoxication  — ainmoiiicmia.  However,  after  nephrvctomy  or 
ligation  of  the  ureters,  even  on  simultaneous  injection  of  urea  into  the  blood, 
careful  chemical  investigation  fails  to  duiclosc  the  presence  of  ammonia  in  the 
blood.  Therefore,  spontaneous  formation  of  ammonia  in  the  blood  caonot  be  tbe 
cause  of  the  uremic  symptoms. 


STRUCTURE    AND  FUNCTIONS  OF  THB  URETERS. 


S»7 


As  in  birds  and  reptilM,  which  eliminate  principally  uric  acid,  ligation  of  tbe 
urctcrt  likewise  induces  a  comatose  state,  it  w»s  nccc«ary  to  think  of  other  sob- 
StAnccs  as  j>o«sibly  cwming  the  toxic  svniptoms  M«jssncr  ohncrved  prostration 
and  twitehinga  develop  in  dogs  after  infection  of  krcatinin.  CI.  Btrmard.  Traube. 
Ranke,  .^«taK^hew!lk^^  Feltz  and  RiUer,  and  othtr*  atlnbute  the  phenomenon 
to  an  acciimiilat.itm  of  Uic  neutral  potass  I  iim -salts;  St-Iioitin  anil  Oppler  suggest 
the  accumiilatipn  of  normal  or  abnormally  decomposed  pxtraclivM.  Thudichum 
tliat  uf  ihc  oxidation-atagcs  o(  the  urinary  pigment.  Possibly  many  substances 
and  their  dccompuaitioii-tiroiluctx  act  in  conjunction.  R,  FIdncher  found  a  reduc- 
tion in  the  elimination  oi  suJphuric  and  phosphorc  acids  in  advance  of  tlie  uri^ 
mic  attack  m  man. 

On  placiiiK  various  substances  occurrini;  in  the  urine — kreatinin,  krt&tin,  acid 
potassium  phoisphatc.  uratic  sediment  from  human  urine — directly  upon  the  »ur- 
iac«  of  the  cerfhrum,  Landois  observed  tlic  development  of  all  signs  of  uremia. 
There  occurred,  particularly,  fully  developed  convulsive  scizureB,  with  intervals 
of  rc^tt,  in  dogt,  with  subsequent  coma.  Alto,  many  other  secondarv  phenomena 
of  uremic  eclampsia  could  W  thus  induced.  L'rea'  is  inactive  in  ttiis  direction, 
ammonium  carbonate,  leucin.  sodium  carbonate,  sodium  chlorid,  pota^um 
chlorid,  feebly  active. 

After  long- continued  excesnivu  ingestion  of  food,  together  with  the  use  of 
mirit.  and  ^igiu  activity,  ihcrc  occurs,  principally  in  conjunction  ^^'itIl  rcspirator>- 
(Usordcrs.  dtrfliiK«M«cnt  of  metabolism,  and  not  r,»rcty  a  marked  accumulation  of 
uric  acid  in  the  bloiKl,  The  latter  is  deposited  in  the  joints  and  their  ligaments 
and  cartil.iges.  princtpalty  of  the  foot  and  the  hiind,  and  gives  rise  to  inflammatorj' 
and  painful  attacks —gouty  nodules,  uric  arthritis.  Rarely,  the  kiilni-ys.  the 
heart,  and  the  liver  are  involved.  In  the  vicinity  of  the  foci,  the  tissues  undergo 
necfOKis.  Pood  eomaiiung  nuclein  is  to  be  avoided:  also  meat-brtiths.  mcat- 
exlract.  sodium  chlorid;  while  chccw-*.  pcplon*-.  li-jjiimiiis.  ami  alrunmat  are  to 
be  commended.  As  to  the  amins.  pipcrazin,  tysidm.  lycetol.  urotropin,  the  in- 
vesiigalioos  are  not  aa  vet  ctmcludtd.  v\s  uric  acid  is  nmir  readily  aclublc  in 
solutions  of  urea,  the  administration  of  this  substance  baa  been  advised,  Vric 
acid  introduced  into  the  blood  or  into  the  lymphatic  system  causes  changes  in 
ibe  renal  epithelium,  in  thf  form  of  uric-acid  sphoroliths  between  and  within 
the  cells  of  the  convoluitd  tnbules.  Admimstratiiin  of  adt-nm.  while  it  does  not 
increase  the  excretion  of  imc  acid,  favors  its  dqitwitifffi  in  the  kirlney  amid  in- 
flammatory symptoms.  In  birrk.  long-ccntinuMi  administration  of  oxalatcB. 
sugar,  acetone,  pnenol.  gi\'es  rise  to  deposilion  of  urates  in  the  urinary  tubules, 
as  well  as  in  the  serous  and  the  synovial  mcmbrano.  luid  these  have  diisappeared 
after  administration  of  pipcraiin 

Hum.tn  urine,  when  injtcted  beneath  the  skin  or  into  the  veins  of  animals, 
has  a  tuxic  and  cvtn  (atid  ciTi:^.  particularly  in  the  ciiae  of  in(ecti"w.i  diseaaea, 
diseases  o£  the  liver,  cancinomn.  exophthalmic  goiter,  and,  in  accordance  herewith, 
after  extirpation  of  the  thyr^'id  gland  The  toxic  properties  a.-e  due  (o  organic 
(toxins)  and  inorganic  constituents,  principally  potauium-salts.  Pregnant  ani- 
otals  are  especially  susceptible  to  this  poisosi. 

STRUCTURE   AND   FUNCTIONS  OF  THE   URETERS. 

Tlic  pelvis  of  the  kidney  and  the  ureter  possess  a  mucous  membrane  con- 
Ktituted  of  delicate  conneciive-ti^ue  libers  nith  many  embedded  cclh.  upon 
which  a  laminated  transitional  cpithehum  is  situated.  The  deepest  lajtr  of  the 
Utter  is  provided  with  small,  round,  soft  cclU  Then  follows  a  layer  of  more 
nearlv  vertical,  elub-ehaped  and  bulbous  .rells,  whose  attenuated  extremities 
ramifj'  between  the  cells  ol  the  deepest  layer;  the  free  surface  is  cox-ered  by  cubical 
cells,  which  liriHlly  are  siinnounter!  by  a  'homogeneixis  eutieular  border  Henealh 
the  epithelium  there  is  a  layt^r  of  adenoid  tissue,  containing  disseminated  lymph- 
follicles.  In  the  peh-is  of  the  kidney,  the  mucous  membrane  contains  isolated 
small  grape-like  mucous  gland^i.  which  are  jirescnt  alno  in  the  ureter.  The  muscular 
coat  couHsls  of  an  internal  snmrwhat  thicker  lonKitudinnl  layer  and  an  external 
circular  layer,  to  vrhieh.  in  its  lower  third,  a  number  of  disseminated  bundles  of 
longitudinal  libera  are  added.  .\11  of  these  layers  are  rather  (reely  interwoven 
with  connective  tissue.  The  external  connective -tissue  sheath  forms  a  sort  of 
advenlitia,  in  which  the  larger  vessels  and  the  nerves,  together  with  the  ganglia, 
are  situated.  The  layers  of  the  ureter  may  be  frillo«*ed  npn-ard  to  the  jh-Ivis  of 
the  kidney  and  to  ihe'calices.     They  finally  line  the  pelvis  itself  only  with  mucous 
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membrane,  passing  rx'er  ui>on  th«  b«se  ol  the  pj-ramkls.  «-hil«  the  nmscte-fibcn 
ceue  iLt  the  fraii  of  tlie  [lymuiiJi;.  where  they  Unrm  a  «>rt  of  ».phi»c(tr  aUiut  the 

fiymmid^  liy  ttit-ans  uf  crrciil.ir  Imntllrx.  The  bloml-vrssi'ls  EUppIv-  the  vahou* 
tifcrs  and  form  a  capillary  luiwork  iictitaih  the  cjiitln-lium.  The  rclativclj' 
scanty  nicdiillmod  m-rvts,  in  the  vicinity  uf  which  }(i*"Kha  ore  fciund,  in  part 
supply  tht-  miiischTS  a»  nfintor  tihcnt,  while  in  fwirt  thuv  in-netraH;  toward  the  rpilhc- 
lium.  'i'hcM  an.-  reflex  and  ern^on.'.  as  indicnlcd  hy  the  scvcri;  pain  aitcndin^ 
impactiuti  of  cakuli.  The  iircicr  pt-nclriUvs  th*-  thicliiiviKi  <tt  the  blad<kr-'*aU, 
pasainK  obliquely  through  it  for  a  considerable  distano<^.  The  intcmAl  opvOiog 
tt  a  slit  in  the  mucou:!  mcmbrAnc  directiMl  obhqucly  inirard  and  downward,  and 
prD\'idpd  with  a  shari).  valvt-hkc  process  (Fig  t  J7> 

The  propulsion  of  the  urine  through  the  ureter  takes  place  (i)  in 
consequence  of  the  fact  that  the  urine  constantly  secreted  in  the  kidney 

under  considerable 
pressure  forces  on- 
ward the  urine  in  the 
ureter,  which  is  under 
lower  pressure,  (a)  In 
the  erect  posture,  the 
urine  flows  by  gravity 
down  ihetireter.  (3) 
The  muscles  of  the 
ureter  through  their 
peristaltic  movement 
propel  the  urine  into 
the  bladder.  This 
movemeni  occtirs  on- 
ly as  a  reflex  phenom- 
enon in  response  to 
the  entrance  of  the 
urine,  a  few  drops 
every  three -^luanere 
of  a  minute,  or  in  con- 
sequence of  direct  ir- 
ritation, It  alwa>-s 
passes  downward 
with  a  velocity  of 
from  10  to  30  mm.  in 
a  second.  The  greater  the  distention  of  the  ureter  by  the  urine,  the 
more  rapidly  does  this  peristaltic  movement  take  place.  Asphyxia, 
venous  hj-pcpemia,  and  irritation  of  the  splanchnic  increase  the  number 
of  contractions;  while  rapid  ligation  of  the  renal  vessels,  as  well  as 
ligation  of  the  tireter,  diininishes  them. 

In  caw  of  local  irritatiun.  the  cuiitnction  takca  place  in  both  directlont.f 
As   Enedmaait   ubacrvcd    thcnc    mi>'Vi'i]|<:nt.i   also    in    (rxciM;d  (KXliuns  of   ureter 
in  which  neither mr^i-fibcr*  tier  )(angUa  wtrc  vuiblc.  he  believes  that  the  mow 
menta  arc  due  to  direct  miuscular  conduction  ia  lh»  unstristcd  muscles,  )usi  a* 
lalces  place  in  the  heart. 

The  stagnation  of  urine  toward  the  kidney  is  prevented  (i)  by  the 
fact  that  the  secretion  collecting  in  the  pelvis  of  the  kidney  and  in  the 
calices  under  high  pressure  presseti  upon  the  pyramids  from  all  sides,  so 
that  the  urine  cannot  pass  back  into  the  urinarj*  tubules  closed  by  pres- 
Bure.  (a)  If  when  the  urine  has  accumulated  in  the  ureter  in  consid- 
erable amount,  as  from  occlusion  by  concretions,  the  musculature  en> 


Fm.  177— Lower  IVinuiaol  iln  .\i.il<  llliid.li-r,  xirh  the  rnninnncpmrni  i.l 
this  L'tvttr.  Opmcd  thruiuh  ■  Mrkii^n  lnti>iL>b  iu  iht  \nnrtioi  tVtII, 
Mul nnad oiii  tiiiir  llnili.-).  "I'lr  drji  linn  oi  ihc  inijiinr,  thr  tlii- 
Ucc  opniiatt  oi  tht  untm.  liir  urpitn  <liiiil<J  Ibon  had  ihc  (rmiiul 
iDUcin  nn  ht  fnogniird.  On  ilic  wUkuliu  *cmliuill>  tliui  aliprti 
bi  Uk  inhldlir  ihr  ^tntt  orrnmc  ol  ihr  t'miiiic  (iwu.  and  on  flihct 
tiilii  thu  ■nktl  (imilBr  tinfm  of  iti(  pjaroUiorj  duel,  mi  t«loH  bo^b 
Ihr  Quniitous  tuDciiiir  oiwDino  ol  ibt  turrlofy  ducla  ot  lie  pnMue 
gtiiul 
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Eages  in  increased  activity  lor  the  propulsion  of  the  urine,  the  portion  of 
the  muscular  fibers  surrountiing  the  pyramids  so  compresses  the  urinary 
tubules  that  the  urine  cannot  ivass  back  into  the  excretory  ducts  of  the 
tubules.  The  return  of  urine  from  the  bladder  into  the  ureter  is  ren- 
dered dillicult  in  part  by  the  (act  that  with  marted  stretching  of  the 
bladder-wall  the  ureter,  in  so  far  as  it  is  contained  therein,  id  likewise  com- 
pressed :  and  in  part  by  the  fact  that  the  stretching  of  the  mucous  mem- 
brane of  the  bladder  firmly  approximates  the  margins  of  the  slit-iike 
openings  of  the  ureters  (Fig.  177). 

In  case  of  retention  of  urine  in  the  bladder,  a  rcLum  of  \uinc  into  the  urcten 
taay,  it  is  true,  lake  place. 


STRUCTURE  OF  THE  URINARY  BLADDER  AND  THE  URETHRA. 

Tlie  mucous  menibrane  ot  the  bladder  is  not  unliVe  that  of  the  ureter.  The 
laminated  ciii  I  helium  c.\hil)iL*  llattvr  cclU  in  iho  umitr  \avvt.  When  the  Wnddcr 
is  distended,  tin-  rpilli(flial  cells  bicomi-  sirttchcti  and  nhinncr  The  ursiriaU-d 
muscular  tibcrs  arc  siraoifi'd  in  t.>uiidlc.s  that  form  an  cxti'mol  toiigjiudlnal  layer 
and  an  internal  circulnr  L-iyer.  In  ndditiun,  fiWn  pass  in  various  directtuns  and 
ciO»  one  antAher,  formtnn  a  widc-mcshvd  trabtcuiar  wctwork.  Between  the  miw 
culsr  coat  and  thiv  mucoti*  membrane  three  in  a  layer  of  dciicaic,  KbrilUr,  ct-llulnr 
connective  tissue,  with  an  intormixtune  of  clastic  filjcrs  An  excessively  minute 
dissection  oi  ibe  individual  I(iyi-rs  and  bands  of  tlie  musculamn.'  o(  ihi-  bladder 
Jias  jiiven  rise  t'lffnmciniN  ]>hv«i'Jl"Hical  iiit<ri>n'iati<jnK  In  thiKcuti-^iry  Iwlongs 
ihe  witablislimcni  of  a  special  dciriisor  urina"  muscle,  nhich  is  snid  to  cnnsist  of 
libers  pursuing  a  vertical  direction  from  ilic  vt-nex  to  ila-  fundus,  principally 
upon  tilt'  iiiiii^riur  iiiid  jucituriur  surfarcs,  Thi:  cc^niLx-iitinii  vt  a  s^iccial  iTUcnial 
sphincter  vr;s)ca:  is  likewise  unjustified  a»  constituted  nl  a  circular  layer  oi  un- 
atripcd  muscles,  from  6  to  11  max.  thick,  surrounding  the  commencement  of  the 
urethra,  and  in  il«  form  hclpine  I'l  dive  riM;  to  the  fitnncl-sha|>e  of  thv  outlet  of 
th«  bladilcr.  Thi«  layer,  a\*o  ■fo:(igiiatcd  anntiluj  urcthrdliK  vcucic,  i«  no  sphincter 
at  all.  In  the  trigone  r>£  l.icutaud  there  an.',  at  limes,  between  the  oriKccs  of 
the  ureter*,  nuii^rous  muccular  bundlts.  attached  in  part  to  the  circular,  in  part 
to  the  liiiiKituiIiiuil  fibers  of  the  u-:ill  nf  thi;  bladder.  Wnldcyer  tjelic^vts.  jtar* 
Itciitarly  nf  ihe  iriK^ne,  thst  it  facilitates  the  dtstvntJon  uf  the  bladder,  favors  its 
complete  evacuation  and  aids  its  closure. 

Prom  the  physiological  stundpoint.  it  should  be  borne  in  mind  that 
the  entire  musctilalure  of  the  bladder  represents  a  continuous  hollow 
mu&cle  whose  sole  function  it  is,  in  contracting,  to  diminish  the  cavity 
of  the  bladder  from  all  directions  and  to  expel  its  contents. 

Ttie  vefisela  of  the  bladder  re*iemhl«  thtMM  of  the  ureter  ui  their  ilimribution. 
The  nerve-lilwrs  urc  pmvidi-d  with  K^nj;lia.  as  is  thr  ca-se  Ki'i'^fally  at  all  parts 
of  ;h«:  urinary  passages  outside  the  kidney.  These  are  situated  in  pan  in  the 
mueoisa.  in  uari  in  the  niuscularis.  ami  tliey  Cduiniunicati:  with  unc  another  by 
means  nf  filament-*  In  the  mucmi.t  membrane  and  iui  epithelium,  the  neirvi 
termiDate  in  end-bulbs.  In  Bccordnnec  with  their  functiuns,  the  nerves  are  motor, 
frn»ory,  r«i1c.v.  and  vascular. 

In'  women,  the   urethra   serves  only  as   the  cxcretoiy  duct  of  tho  urinary 

(  bladder.     The  mucous  membrane,  formed  of  a  lnrt;c  amount  of  fibnllar^-  con- 

nective and  ehistie  tisKiie  and  Kupidird  with  pBpill;e.  is  lined  bv  laminated  pavement 

(  epithelium.      In  addition,  a  number  of  Lilt  r£  s  mucous  glands  are  em  beaded  in  tt. 

I  Next  to  the  mucous  membrane  is  a  layer  of  lonKtludinal  un^triated  inuHcular 

(  fibers,  and  next  to  the  latter  a  layer  -if  circular  filiei-s      These  layers  contjiin  an 

I  abundance  of  connective -tissue  and  elastic  fibers,  and,  besides,  cxiensive  venous 
plexuses,  su^^cstivc  in  their  structure  of  cavernous  spaces, 
und 
con: 


The  true  sphincter  muscle  of  the  bladder  is  a  striated  muscle,  which 
undergoes  contraction  and  relaxation  under  the  influence  of  the  will,  and 
consists  in  part  of  transverse,  completely  circular  fibers,  which  extend 
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dov^1l^Ya^l  to  the  middle  of  the  urethra  and  lie  next  to  the  unstristed  cir- 
cular fibers,  and  in  part  of  longitudinal  fibers,  which  pass  uj-iward  to  ihe 
base  of  the  bladder  only  on  the  posturior  wall  of  the  urethra,  and  down- 
ward between  the  circular  fibers.  Additional  circular  fibers  are  situated 
below  the  middle  of  the  urethra,  and  only  in  isolated  distrilmtion  on  its 
anterior  surface. 

In  the  male  urelhrji,  the  epithelium  of  the  prostatic  portion  still  resemble* 
that  of  the  bladder,  in  the  memV.mn&ys  portion  it  becomwi  laminated,  snd  in 
the  cavenioiiK  jiiinii>n  a  sinir>lr  rytitulricHl  epithelium  Th«  mucou«  membrane 
beneath  the  laminated  epithelium,  provitlcd  with  papilla-,  conuins.  principally  in 
the  posterior  portion,  tlit  mucus-secrctins  glandii  ol  Litirf .  Unstnated  tnuscle- 
llben  arc  pivKciit  in  ttii:  ginHtmii-  pnrtian  iui  ii  UniEiliidiTiiil  lap:r.  i.-«pectiilty  at 
the  colliculiLs  scniinalis:  while  the  membranous  poriinn  contains  principaily  cir- 
cular fibers,  with  iiitcrvciiins  longitudiital  rilwfs  The  cavernous  poni'.'n  contains 
poatvriorly  delicate  circuiur  libera,  autcriorlv  unly  isulatrd  iiisiKuilicant  oblique 
and  longitudinal  tibcnc. 

With  respect  to  the  mechanism  for  closure  of  the  male  urethra,  it 
should  be  pointed  out  that  the  so-called  internal  sphincter  vesicae  of  the 
anatomiBts.'whirh  consists  of  tinstriated  muscular  fibers,  and,  as  an  integ- 
ral portion  of  the  musculature  of  the  bladder  surrounds  tlio  conimcncemenl 
of  the  urethra  down  to  within  the  prostatic  portion  of  the  urethra, 
above  the  colHculus  seminalis.  is  not  a  sphincter  muscle  at  all.  The  true 
striated  sphincter  of  the  urethra,  or  external  sphincter  of  the  bladder,  is 
situated  bclotv  the  former.  It  is  a  completely  circular  muscle,  surround- 
ing the  urethra,  just  above  the  entrance  of  the  urethra  into  the  urogeo- 
ital  septum,  at  the  apex  of  the  prostate  gland,  where  its  fibers  anasto- 
mose with  those  of  the  subjacent  deep  transverse  peroneal  muscle. 

This  snhinctcr  mtiscic  includes,  also,  longitudinal  riWrs.  which  pass  downward 
from  the  bladder  along  the  upper  border  of  the  prostate.  [soUticd  transverse 
bundles  are  derived  miteriorl)'  from  the  surface  of  the  nctk  of  the  Wadder. 
The  sphincter  muscle  includes,  besides,  ctrtain  traiisiverse  lilicrs  that  lie  within 
the  prostate  even  opposite  the  npcx  of  the  colltculu*  seminalis,  p»t«ing  like  a 
thick  transverse  cohimn  in  advanee  of  the  commenccmcnl  of  the  urethra  into  the 
structure  of  the  prostate — prostatic  rauscle. 

[n  the  male  urethra,  the  blood-vesxclx  form  a  rich  capillary-  network  beneath 
the  epithelium,  in  the  midst  of  which  a  wide-mcshed  fymphatic  vascular  net" 
woilc  IS  situated. 


COLLECTION  AND  RETENTION  OF  THE  URINE  IN  THE  BLADDER. 
EVACUATION  OF  THE  URINE. 

After  the  evacuation  of  the  bladder,  tirine  reaccumulstes.  with  grad- 
ual distention  of  the  visois.  As  long  as  the  amount  of  urine  is  but  mod- 
erate, the  elasticity  of  the  elastic  libers  surrounding  the  urethra  and  of 
the  sphincter  muscle  of  the  urethra — in  men.  in  addition,  that  of  the 
prostate — suffices  perfectly  to  retain  ihc  urine  in  the  bladder.  This  is 
indicated  by  the  fact  thai  in  the  cadaver  the  urine  docs  not  escape  from 
the  bladder.  The  movements  for  the  evacuation  of  the  bladder,  as 
well  as  for  the  retention  of  the  urine  in  the  bladder,  exhibit,  in  itianv 
respects,  an  agreement  wth  the  motor  mechanism  at  the  rectum.  In 
the  first  place,  it  should  be  pointed  out  that  the  walU  of  the  bladder  aro 
capable  of  independent  contraction.  Whether  these  arc  due  to  the 
ganglion-cells  in  the  bladder  that  are  found  in  the  course  of  the  nerves 
nas  not  been  demonstrated.  It  is  rather  more  likely  that  the  muscula- 
Cure  of  the  bladder  is  capable  of  rh>-thmic  movement  without  nervous  aid. 
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The  urinar\'  bladder,  especially  when  considerably  distended,  exhibits  the 
occurrence  of  intermittent  slight  contractions,  which  can  be  compared  with  the 
peristaltic  movements  of  the  intestines.  Even  the  excised  frog's  bladder,  and  even 
portions  thereof  without  ganglia,  exhibit  similar  rhythmic  contractions,  which 
can  be  increased  by  heat.  After  division  of  all  of  the  nerves  of  the  bladder, 
bleeding  with  asphyxia  is  still  followed  by  contractions  as  a  result  of  direct  stimu- 
lation of  the  muscles  of  the  bladder.  The  contractions  occur,  further,  more 
actively  in  the  presence  of  derangement  of  the  circulation  in  the  bladder,  or  of 
venosity  of  the  blood,  in  the  same  way  as  the  movements  of  the  intestine  are 
brought  about  in  marked  degree  by  like  influences.  In  this  category  belongs  the 
evacuation  of  the  urine  when  the  action  of  the  heart  ceases  in  cases  of  sudden 
asphyxia  or  protracted  suppression  of  respiration.  As  emotional  disturbances 
also  influence  the  contraction  of  the  walls  of  the  bladder,  the  evacuation  of  the 
urine  in  connection  with  sudden  fear  can  be  explained  in  this  manner.  In  the 
state  of  apnea,  as  well  as  in  apneic  intervals  after  persistent  deep  respiratory 
movements,  the  independent  contractions  of  the  bladder  cease. 

In  order  to  comprehend  the  mechanism  of  the  retention  of  the  urine 
in  the  bladder,  as  well  as  of  its  evacuation,  a  description  is  necessary  of 
the  following  nervous  apparattis  which  participates  in  these  processes : 

1 .  The  sensory  nerves  of  the  walls  of  the  bladder  are  derived  from  the 
first,  second,  third,  and  fourth  posterior  sacral  roots,  A  number  of 
sensory  fibers  pass  into  the  spinal  cord  through  the  intermediation  of  the 
hypogastric  plexus.  The  sensory  nerves  pass  upward  in  the  cord  to  the 
cerebral  cortex. 

2.  The  center  for  reflex  stimulation  of  the  unstriated  musculattire  of 
the  wall  of  the  bladder — vesicospinal  center — is  situated  in  the  neigh- 
borhood of  the  fourth  lumbar  vertebra,  in  the  dog. 

3.  The  motor  tracts  pass  from  this  center  to  the  unstriated  muscula- 
ture of  the  wall  of  the  bladder  through  the  nerves  between  the  second 
lumbar — by  way  of  communicating  branches  of  the  sympathetic — 
and  the  fourth  sacral  by  way  of  the  nervi  erigentes.  Irritation  of  the 
sensory  nerves  of  the  wall  of  the  bladder  causes  reflex  contraction  of  the 
bladder-wall. 

In  addition  to  the  sensory  nerves  of  the  bladder,  the  reflex  described 
may  be  excited  also  by  irritation  of  other  sensory  nerves;  thus,  active 
tickling,  or  warming  of  the  region  of  the  knee  during  sleep  at  times  causes 
evacuation  of  urine,  likewise  the  hearing  of  splashing  and  whistling 
sounds.  In  animals,  stimtilation  of  certain  sensory  nerves  likewise 
causes  contractions  of  the  bladder. 

Omitting  consideration  of  the  sphincter  muscle  of  the  urethra,  the 
sensation  of  a  distended  bladder  will  become  apparent  as  soon  as  the 
bladder  is  moderately  distended.  Then  the  mechanical  irritation  of  the 
sensory  nerves  of  the  bladder  in  the  mucous  membrane  excites  in  the 
vesicospinal  center  the  reflex  through  the  motor  nerves  of  the  unstriated 
musculature  of  the  bladder,  and  in  consequence  of  this  the  walls  of  the 
bladder  undergo  contraction .  This  constitutes  the  process  as  it  takes  place , 
for  instance,  normally  always  in  infants,  who  do  not  as  yet  have  control 
of  the  urethral  sphincter.  Also  voluntary  evacuation  of  the  bladder, 
whatever  the  degree  of  distention,  is  always  eflected  only  through  exci- 
tation of  the  reflex  described.  The  will  is  incapable  of  influencing  di- 
rectly the  unstriated  musculature  of  the  bladder;  and  this  is  emphasized 
particularly  by  the  author,  in  opposition  to  the  statements  of  many  other 
observers.  To  induce  reflex  stimulation  of  this  movement  of  the  bladder, 
principally  in  the  presence  of  considerable  degrees  of  distention,  the 
direction  of  the  attention  to  the  sensations  in  the  urinary  apparatus 
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alone  suffices.  When  the  distention  of  the  bladder  is  only  moderate  or 
slight,  the  sensory,  excito-roflex  nerves  of  the  bladder  must  first  be  stimu- 
lated, and  either  through  irritation  of  the  sensory  ner%-es  by  voluntary' 
contraction  of  the  striated  muscles  of  the  urethra  and  the  floor  of  the 
|>elvis,  or  of  the  nerves  of  the  bladder  as  a  result  of  abdominal  pressure^ 

Ar  electric  stimulation  from  the  cerebral  peduncle  downward  throu^ 
the  motor  paths  of  the  spinal  cord  to  the  motor  nerves  of  the  unstriated' 
musculature  of  the  bladder  causes  contraction  of  the  bladder,  many 
investigators  have  concluded  that  the  will  is  capable  of  exciting  spon- 
taneous contractions  ul  the  bladder  directly  in  this  way.  The  author  con- 
siders this  Wew  as  incorrect.  In  his  opinion,  voluntary  evacuation  of 
urine  is  always  induced  by  reflex  influences,  in  the  excitation  of  which 
the  will  participates  only  in  a  secondary  manner.  With  the  vesical 
center  situated  in  the  spinal  cord  still  other  nervous  apparatus  cooper- 
ates. As  painful  irritation  of  sensor}-  nerves  in  different  parts  of  the 
body  also  is  capable  of  cau.sing  reflex  contraction  of  the  bladder — the 
involuntan,'  discharge  of  urine  that  occurs  frequently  in  children  siitTer- 
ing  from  disorders  of  dentition  may  he  of  this  character;  as.  further,  as 
has  already  been  pointed  out,  sensor\'  nerves  situated  at  a  higher  level, 
even  cerebral  ners'cs.  are  capable  of  exciting  the  vesical  rellex.  it  must  be 
concluded  that  the  vesical  center  extends  for  a  considerable  distance  up- 
ward. T>crhaps  to  the  anterior  portion  of  the  optic  thalamus,  and  that 
from  these  higher  levels  descend  motor  paths  that  are  susceptible  of — 
possiblv  reflex— stimulation  in  the  spinal  cord.  Irritation  of  the  medulla 
from  tbe  cerebral  [leduncle  downward  causes  contraction  o£  the  walU 
of  the  bladder. 

With  respect  to  the  mechanism  for  the  retention  of  the  urine  in  the 
bladder  through  the  sphincter  muscle  of  the  urethra,  consideration 
should  \ie  given  to  the  following  farts: 

4.  The  motor  ncr\-cs  for  the  striated  sphincter  muscle  are  con- 
tained in  the  pudendal  nerve,  derived  from  the  anterior  roots  of  the 
third  and  fourth  sacral  nerves.  Irritation  causes  contraction  of  the 
muscle;  paralysis,  inability  to  close  the  urethra,  with  the  result  ihat 
dribbling  or  incontinence  of  urine  lakes  place.  The  nerves  may  be  both 
stimulated— voluntary  intemiption  of  the  stream  of  urine — and  in- 
hibited through  the  action  of  the  will. 

5-  The  sensory  ner\es  of  the  urethra  pass  into  the  spinal  cord 
through  the  posterior  roots  of  the  third,  fourth,  and  fifth  sacral  ner\*es. 
These  stimulate,  on  the  one  hand,  the  reflex  for  the  urethral  sphincter,  so 
that  as  soon  as  urine  escipes  from  the  bladder  into  the  commencement^ 
of  the  urethra  the  ^pliinctcr  muscle  contracts;  as.  for  instance,  in  aduJt*^ 
during  sleep,  when  the  bladder  becomes  di.stcnded.  On  the  other  hand, 
they  transmit  sensory  impressions  from  the  urethra,  piarticularly  also 
when  urine  forces  its  way  into  the  canal. 

6.  The  center  for  the  urethral-sphincter  reflex — urethrospinal  cen- 
ter— is  situated,  in  the  dog,  at  the  level  of  the  fifth,  and,  in  the  rabbit, 
at  the  level  of  the  seventh  lumbar  vertebra. 

7.  From  the  cerebral  cortex  the  voluntary'  motor  paths  course  down- 
ward through  the  spinal  cord  to  the  sphincter  nmscle  of  the  urethra, 
within  the  pyramidal  tracts. 

8.  The  inhibitory  paths  for  this  muscle  likewise  jass  from  the  hr 
through  the  spinal  cord,  and  through  them  the  muscle  may  voltmtonl) 


DKRA\-r.EvMBNT   OP    URIKARV    RBTENTIOM    AN]>    MICTURITros.        $33 

be  relaxed  into  inactivity.     It  has  not  yet  t>een  possible  to  stimulate 
this  center  experimentallj*. 

With  respect  to  the  mutual  relalioijs  between  the  activity  of  the  mus- 
culature of  the  bladder — expuUlon  of  urine — and  of  the  sphincter  of  the 
urethra — retention  of  urine — the  action  of  the  sphincter  muscle  pre- 
ponderates, as  a  rule,  when  the  distention  of  the  bladder  is  not  excessive. 
In  other  words,  as  soon  as  urine  is  forced  into  the  urethra  by  coniraclion 
of  the  musculature  of  the  bladder,  reflex  closure  of  the  urethra  takes 
place.  The  action  of  the  spliincter  muscle,  liowevcr,  predominates 
only  to  a  certain  degree;  and  neither  the  reflex  nor  the  voluntary  con- 
traction of  the  sphincter  is  capable  of  rcsistine  strong  pressure  by  the 
urine.  In  the  act  of  micturition,  as  it  takes  place  when  the  bladder  is 
moderately  distended,  the  sphincter  of  the  urethra  must  always  be  vol- 
untarily inhibited  in  its  contraction  during  the  contraction  oi  the  walls 
of  the  bladder. 

Tho  foregoing  description  n(  the  inncrv-altonAl  conditions  of  the  blntidur  is 
based  upon  tne  publiiheo  experiments  o(  Budge,  aJl  of  which  w*re  performed  in 
coltitboraticm  with  Landoia.  Divinion  of  tli*  uicrul  nt-rwt,  in  the  dog.  causes 
deg(>m-Tali«n  of  the  nrrwB  of  the  liladdtr  and  of  the  rectum,  hut  not  of  the  irttrmii] 

genitalia — some  fibers  of  ihe  ureihral  and  \*ulvar  nerves  undergo  degeneration, 
■lateral  division  rcndent  micturition  :«iid  defecation  !rti]ii>s>il>ie,  while  uiiitstcra) 
divi.iiiin  render*  thi^«.-  dillicult.  In  nddition.  thtrrc  is  complete  iincslhcsiii  at  the 
anus,  of  the  vagina,  and  on  the  pctsterior  a:ipcct  oi  the  thigns.  logclher  with  weak- 
at&A  at  ttic  ankle-joiiit. 

Normally,  the  bbddcr  is  completely  evacuated.  The  residual  urine  that  col- 
lects abnormallv  in  gionlcr  or  Intscr  amount  is  n  8nurc<^  of  danger,  on  account  of 
the  tendency  to  decomposition  The  urire  undergoes  Alterations  during  it* 
sojourn  in  the  bladder.  According  to  Kaupp,  retention  is  attended  with  an 
incro&M  in  the  amount  of  sodiiun  chlorid.  and  a  dimimilion  in  thi^  amount  of 
area  and  of  water.    The  reduction  in  the  latter  is  much  more  marked  in  con- 

! unction  with  simultaneous  iweatinff.  The  qut^iion  uhetlier  the  mucous  mem* 
irane  of  the  blatldcr  alisorlis  soluhlc  matters  bus  lieen  answered  in  the  aOimiativc 
by  CI.  Bernard,  for  the  dog.  Under  such  cireuni^tanccs.  m-aier  is  again  excreted 
into  the  bladder,  \laai.  and  Pinner  noi<^  at)?i»rpLii)ii  also  on  Die  part  of  the 
urethral  mucous  membrane,  bcwin  and  Gold-ichmidt  also  on  the  part  of  the 
ureter,  and  the  [>clviit  of  the  Icidnoy,  an  well  a»  the  prostatic  vesicle  (strychnin). 

As  the  urctiTS  empty  rather  toward  the  bajie  of  the  bladder,  the  urin«  most 
recently  secreted  is  alwa>i  the  lowermojt.  Under  varying  conditions  of  secretion 
the  uhne  :nay  th«-refure  (in  u  resting  posture)  form  layers  in  the  bladder,  so  tliat 
when  evacuated  the  different  layers  may  be  clearly  distinjj-uishshlc.  In  <{ujet 
dorsal  decubitus,  the  preisure  in  the  bladder  is  from  13  to  i  s  cu.  cm.  of  a  column 
oi  water.  Thi^  itremire  is  imtiirally  incieaxed  by  increase  <<f  the  inira-abdomiual 
pressure,  especially  in  consequence  of  coughing  and  expulsive  efforts,  The  erect 
posture  has  a  similar  cfTcct.  in  consequence  of  the  pressure  of  the  viscera  from 
sbove.  In  the  evacuation  of  the  urine,  the  amount  expeUed  is  at  Krbl  small;  this 
incTea.ies  later  in  the  same  lnte^^'Bl  of  lime,  and  tow.ird  the  end  of  the  act  it  aii&in 
diminishes.  In  men,  the  Isst  portions  are  expelled  from  the  urethra  ihroujfh 
voluntar)'  contraction  of  the  bul  bo  .cavernous  muscle.  Adult  dogs  constantly 
accelerate  the  stream  of  urine  rhythmically  tlirou^h  the  action  of  this  muscle. 


MORBID   DERANGEMENT  OF  URINARY  RETEWTION   AND    OF 

MICTURITION. 

Derangement  in  the  mechanism  of  retention  and  evacuation  of  urine  may  be 
referred  by  the  physician  to  its  cause  from  a  cunsiileration  of  the  physiological 
conditions  described  ReteiHtint  of  ttrint — -iickuriii — ^resiilla  (1)  from  occlusion  of 
the  urethra  by  foreign  bodies,  concretions,  strictures,  prostatic  enlargement;  (a) 
from  paralysis  or  exhaustion  of  the  musculature  of  the  bladder,  the  latter  also 
followutfi  p^Ilrturit■on  in  conieciuence  of  the  pressure  uf  the  ehild't  parts  against 
th«  blaoder;  {3)  primarily,  after  division  of  the  apinal  cord.     Ooder  such  circun- 
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Stances,  retention  of  uni>c  takes  place  (a)  because  th«  division  of  tbe  spinal  ct^rd 
givw  riw  to  increased  reflex  nctivity  on  the  part  of  the  urethral  sphinctT,  and  (fi) 
because  inhibition  of  this  reflex  cannot  t^kc  jilacc.  If, with  increasing  distention 
of  the  walls  of  the  bladder,  the  urethral  orifice  is  finally  dilated  Riechanically, 
dribbling  of  urine  iake«  place.  Xevertliele».  tlie  urine  escapeK  only  drop  by 
drop,  as  it  tn-crcomcs  the  maximum  tension  at  which  tlic  urethra  stilt  ciobm, 
Then{oic,  the  bladder  becomes  more  and  more  distended,  as  the  tone  of  the 
continuously  .itrutcJicd  walls  lessens  progrcsaivclv,  and  the  Uiulder  may  Ik 
di»teiidvd  to  an  enormous  size.  In  comscquenci:  of  the  entrance  of  bacteria  into 
the  bladder,  ammoniaciil  dccompoEition  ol  the  los^-rctamed  uriac  may  readily 
take  place;  and,  as  a  result,  eat&rrhnl  and  inDamtnatorj-  conditions  of  the  bladder 
may  be  excited.  (4)  From  interference  with  the  voluniary  control  of  the 
inhibition  of  the  reflex  iif  the  ttrethnil  sphinctL-r.  as  well  as  front  increased  relU-x 
excitability  of  the  urethral  cenl^r, 

fHconi'iitfiici  0!  Hritie — stilHcidium  urinae— occurs  as  a  result  (i)  of  paralysis 
of  the  urethral  sphtncter;  (,3)  of  anwihesw  of  the  urethra,  m  cnnitequenee  of 
which  the  reflex  nf  the  sphincter  must  Xx  Idst,  (3)  inconiinencc  of  urine  is.  sec- 
ondarily, alw^aya  a  result  oi  division  of  the  spinal  cord  or  of  abnormal  degeneration. 
StraHgury  is  observed  as  an  exceMivc  rctlcx  of  tlic  walls  of  the  bladder  aad  the 
ffihinctcr  mu>clc,  in  consequence  of  irritation  of  the  bladder  and  the  urctbra.  as 
ooscrvcd  in  ftssAciation  with  inflammntion,  irrilntion,  and  nnuralgiA,  So-called 
HMturttat  *ituMis,  nocturnal  involuntary-  djscharee  of  urine,  may  M  a  result  of 
iBcreofied  reflex  activity  of  the  walls  of  the  Madder,  or  of  enfe«bl«Bent  of  the 
reflex  of  the  sphincter  muscle.  Nothing  of  a  detinite  nature  is  known  ax  to  the 
influence  of  deranged  action  of  the  will,  principally  in  connection  with  unilateral 
injury,  apoplexy,  and  the  like.  In  patients  suffering  from  disease  of  tlic  spinal 
cord,  tlicre  is  inipainncnt  of  ilie  sensation  of  a  distended  bladder,  as  well  as  of 
the  contractile  pnwer  of  the  nulls  of  the  bladder.  In  neurasthenic  paticnt«j  the 
Utter  ia  diminished,  while  the  sensation  of  distention  is  increased.  In  patients 
with  prostatic  disease,  there  is,  at  lint.  likon'iB«  increased  Mnsitivity  wttli  a  dis- 
tended bladder. 
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In  vcrtcbralts,  wiih  exception  of  the  bony  ftsbts,  then;  i^  often  a  union  of  the 
urinary  and  the  gcnemlive  organs.  The  primitive  Vidrr-.-  (Wolliian  h^y),  which 
serves  during  Uie  fu^t  period  of  embryonic  life  as  an  excretory  organ,  assumes 
this  function  througibout  life  in  fi^ih  and  amphibia.  The  ntyxenoids  (cyclostomata) 
possess  the  simplest  kidneys:  On  either  side  there  is  a  lon^  ureter,  upon  which  are 
situated  capsules  with  short  pedicles  containing  elomcTub.  and  arranged  in  rows 
Both  uretcm  empty  into  the  genital  pore.  In  tne  retnaioing  fishes,  tbc  kidneys 
often  extend  bmii^tudinally,  lyint;  as  more  compact  masaes  on  either  siOe  of  trie 
vertebral  column.  The  two  ureters  unite  to  form  the  urethra,  which  al«a\-s 
opens  beliind  the  anus,  cither  united  with  the  genital  oritiee  or  behind  thia.  In 
the  sturgeon  and  the  ^h.trk  the  anus  and  the  urethral  orilke  together  f>^rm  a 
cloaca.  Btadder-lik^  fortnatiors,  which,  however,  do  not  resemble  tbe  urinarj- 
bladder  of  mammalia  m orpholo Really .  occur  in  Hah,  either  at  each  ureter  (ray, 
shark)  or  at  the  junclicrti  ol  the  twn 

In  amphibia,  the  efierent  vessels  of  the  testicles  unite  with  the  urinary  tubules. 
The  testicular- renal  duct  unites,  in  the  frr>ic,  with  that  of  the  ulhcr  side;  and  both, 
united,  open  into  the  cloaca,  while  the  capacioua  urinary  bladder  opens  through 
the  antenor  wall  of  the  cloaca. 

From  the  reptiles  upward,  the  kidney  in  all  vertebrates  is  no  lon^r  the  per- 
sisting \WlHian  body,  out  a  newly  ftmncd  organ.  In  reptiles,  it  is  eenerally 
flattened  longitudinally.  1'he  uretcrv  ofien  separately  into  the  cloaca.  Saurian^ 
and  tortoises  possess  a  bladiler  opening  into  the  anterior  wall  of  the  cloaca.  In 
binlK.  the  ureters  remain  separate  and  open  into  the  urogetiital  sinus  emptying 
into  the  cloaca  intematly  to  the  excretory  ducts  of  the  generative  glands.  The 
bladder  is  constantly  wanting.  In  mammalia,  the  kidneys  often  ccnum  of  many 
nnall  kibules.  rcniculi.  as.  for  instance,  in  the  seal,  the  dolphin,  the  ox. 

Among  invertebrate  animals,  molliiscd  pcuess  excrvtory  organa  in  the  form 
of  canals  provided  with  an  external  opening  and  an  internal  opening,  conununi- 
catiiis  with  the  cavity  of  the  body,  and  occosiooally  functionating  also  as  oviducu, 
In  mussels,  this  canal  is  expanded  into  a  spongy  organ  (organ  of  Bojanus) .  situated 
at  the  base  of  the  gills,  often  possessing  a  central  cavity  of  considerable  aise,  and 
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provided  with  ciliated  «*cr*iery  cells  The  intei^al  (ciliated)  excretory  duct  Ojpeii* 
into  the  pericardial  ca^1tv:  th'«  outer,  occasionally  united  with  the  WXUAI  Olinees, 
0[:-ens  upon  the  cxicm;il  surfnec  of  the  bwly.  In  the  ntinlogotw,  gew^ly  ur- 
pairod,  often  contractile  organ  of  snails,  guaniti  has  been  demon &trntcd.  The  organ 
u  capable,  in  a  remarkable  manner,  not  alone  o(  excretinic  nater  from  the  blood, 
but  also  of  conveyini;  water  tnt»  the  lilood.  Ce^h«lo|M>[U  po»ici»  KoccuUtcd  ex* 
cretoty  orf^ans,  provided  with  glands  and  opening  into  the  mantel -cavity  lying 
on  che  vascular  trunks  of  the  ^ils. 

Insecl>.  niJidcn,  and  centipedes  have  ao-cal1ed  Malpi|;liian  vciUtcU.  partly  a» 
uric-acid  forming  excnitOTy  orgwnt;  partly,  also,  as  biliary  oraans.  These  vcascU 
are  long  tubes  that  open  jnlo  the  commencement  of  the  large  intestine.  In 
crabs,  the  blind  tubes  of  the  digestive  tract  probablv  have  similar  functions.  In 
cestodeK,  the  excretory  oryans  are  tongitudinel  tu6es;  in  tape-worm*  two  that 
oxlend  throughout  the  entire  chain,  in  Thirtttntjr  annsiomoting  at  the  junction  of 
the  segments  by  means  of  a  large  communication.  In  treraatodes  {distomum) 
the  branching  organ  opens  al  the  posterior  exticmity  of  the  txxly.  Also  in  most 
round-worms  the  «xcrutor>'  orimn  itt  formed  of  tubes,  which,  united,  open  at  a 
pore  in  the  abdominal  line.  Earth-worms  poosi-ss,  nimofit  In  all  scgnictits  of  the 
body  in  p&ins,  llic  so-called  acphridia-canals.  that  is,  tubes,  often  much  con- 
voluted, that  coiniuence  in  the  abdominal  cavity  with  un  iimer,  ciliated  orifice, 
and  communicate  upon  the  ventral  aspect  of  the  Sody  with  the  external  surface. 
In  the  Ms-iirehin,  the  rtar-lmh,  imd  ine  medutiu,  the  water- vascular  system  is,  at 
tbe  same  time,  the  excretory  organ.  Also  in  sponges,  the  canals  passing  through 
the  body  and  conveying  water  may  be  considered  as  .'iuch. 

Historical. — .'iccui-dini;  lo  Ari^tfitle  the  urine  is  derived  from  the  blood  passing 
through  the  kidnc}*!,  imd  thru  llovvs  through  the  umcrs  into  the  bladder;  the 
venous  blood  of  the  kidneys  decs  not  undergo  coagulation.  He  pointed  out  the 
relatively  large  sixe  of  the  humau  bladder.  BereiiKar  <i  53 1)  obitcrved.  on  injecting 
water  into  the  renal  vesavh,  that  tluid  escaped  from  the  papilla;.  Mossn  (1553) 
discovered  lymphatic  vesceU  in  the  kidneys  Kimtachiu*  (died  is^o)  ligatcd  Ui« 
ureters  and  subsequently  found  the  bladder  empty  Cusanus  [1450)  studied 
the  color  and  the  specific  gravity  of  the  uhne.  Kousaet  (15*1)  pointed  out  the 
muscular  nalurv  of  the  walls  of  the  bladder,  in  which  Sancioriiis  (t6t[)  w&e  un- 
able to  recognize  any  special  sphincter  muscle:  while  Vesling  (1641)  nad  already 
desLTitwii  the  tngunc  of  Lieutaud  (i;s.j).  The  first  more  uuporLant  chemical 
investigations  were  made  by  van  Helmont  in  164*.  He  demon  si  rated  the  solid 
constituents  of  the  urine,  and  found  among  them  sodium  chlorid.  He  noted  the 
hiKlier  soecilic  gravity  of  febrile  urine,  and  explained  the  develojimcni  of  urinary 
calculi  from  the  >oUd  conatitucnls  of  Uiu  urine.  With  respect  to  the  discovery 
oE  individual  urinary'  eonstiliientt.  it  may  be  noted  that  Schecle,  in  1776.  dis- 
covered uric  acid;  IWgmann  calcium  phosphate:  IJrand  .-wd  Kunckel  phosphorus; 
Rottelle.  in  1773.  urea,  which  was  named  by  Fourcroy  and  V&uquelin  in  1790; 
Berxehus  lactic  acid.  Sejfum  ailmniin  in  pathological  urine;  f,  v.  l.iehig  hijipuric 
acid;  Heintz  and  v  Pcttcnkofer  kreatin  and  kre.'Uinin;  Wolloston,  in  iSto, 
cystin:  Marcct.  in  1817.  xanthin;  Lindbergson  magnesium  carbonate.  The  more 
recent  histological,  physiological,  and  chcraicji!  in  vest  igai  ions  are  discussed  in  the 
t«xt. 


FUNCTIONS  OF  THE  EXTERN.AL  INTEGUMENT. 

STRUCTURE  OF  THE  SKIN. 

The  external  inteKimicnt,  from  1.3  to  1.7  rem  thick,  with  a  specific  gravity  of 
1057,  is  eonstiluted  of  ihp  cn/f'r  ",v»ij,  e»>rium.  cutis,  and  the  overlying  tpHifrnns. 

Tht  corium  (Fig  17S,  I.  C)  forms  upon  the  entire  surface  numerous  papillje. 
from  o.[  to  0,5  mm.  high.  o(  which  thi.'  largest  are  encountered  upon  the  palmajr 
upect  i"f  the  hand  iirul  the  planiar  a»ptci  nf  the  foot,  as  well  a-t  upon  the  nipple 
and  the  glans  penis  The  majority  of  the  panillie  contain  loops  o£  capillanr 
btood-veasela  (g>,  and  in  circumscribed  areas  oi  the  akin  also  so-called  tactile 
corpu-nclea  (Fig.  179,  a).  The  papillai  are  arranged  upon  the  akin  in  groups  in 
the  small  areas  bounded  by  the  delicate  furrows  id  the  skin  that  are  stiU  macro- 
scopically  visible.  On  the  palmar  aspect  of  the  hand  and  the  plantar  aspect  of 
the  foot  they  follow  the  characteristic  cutaneoiu  lines     The  homy  skin  oonsLsta 
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of  a  dpnne.  uniformly  wnven  network  o{  elastic  fibers,  mora  delkaie  in  ibe  papill». 
and  coarwr  in  the'dccTHT  iayrr^,  with  whicli  tilirilliiry  connective  tiiuur,  with 
cotincciivc- tissue  corpuscles  and  lymphoid  cells,  arr  inlcrmiic»l  In  the  deepest 
l*ycni,  tin-  itmrnttive  tissvie  jircdnminates,  and.  by  the  interlacing  of  it*  buDalcSt 
forms  lon^tudinal-rhnmbic  rLticuIur  jpjiccs  (a  n).  ictncriilly  lilkd  vrith  fatty  titmie. 
whoM  loiiKitudtnal  cxpaowm  corresponds  <A-ith  thnt  of  the  (creatcst  degree  of 
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Fid.  1^.  — Hl4lnlri(i  111  ilu:  bkin  and  ihc  Eii'lcrmaidml  Suudum.    I.  Ii>iu<ii;nc  sntkA  llwuw'  'i 

hilr  and  nhattout j^sni^  H'l.r^nni  nnif  vriiilrnni*  irv  ihAwnin  nriucKl  ■•r.   i.  nwnul.  i,  '■• 
Ura  oJ  ihc  luir  fuITivle-;    ].  tuiinili  nl  ihc  hiir-lollicii;    ii  mnnnl  rsM-lbmlh;  5.  Ma)*'*)'  n 

rml-abrath:  h  Kuiln'i  Urrt  i.l  ih?  iitnif  rmt-tJiniK:    [1.  hur  roiic  MUrchM  10  (ha  vaKoi 

lawful  Ihc  riiilcrmii;   t.  ^nnrlt  ol  itiL- muiKoiit  paltilz:  T.  Ivt  '  iiim  pajiUr.  h,  lus} 

•uMiuirci  1.  iDRlutlnrv  CAiisI-    it,  T|itli-nni>  ni  ihc  luir.    K.  m  '  rjKkiaal  Malta  Mm 

the  hanv  laim.  <iriiiil  loiily  If^ini  ilic  uilr    lurllf  Fnjin  Ihr  on  '-  (nwi  Ihc  llalpMhllll 

Uftr:  n,  npcrti-isl,  ilMiin^iil  nll>;    H.  hair.  rn>w*  hn(My  iuubiH--'  (.iiuVrmu;   r,  nnloUanr  Ottuiriiik 
■mbllluy  («b;  I  f.  (itKT  idli  of  the  liiii  (ul»i>in(;  x.  cdia  of  tlutlcy'i  brni   1.  odb  «<  UomS  larcr.  & 

liaaiMBlattMticiniltnuiuilin  KiJurllrrau*  iilaiiil  uf  (bo  ailUaiy  <a<ily:  a.  ad^ccw  IMUtiWJ  WMahf  tb«f»; 
t,  cdb  el  a  •cbaUBitt  iUikI,  Id  paM  ailb  Itlljr  teoioiu. 


tension  of  the  skin  nt  the  part  of  the  hodji'  in  ()ucstion.  Beneatb  the  corium 
li««  the  8ubcwt«TK-ous  onnectivc  tissue,  wfiich.  however,  i«  withixit  faieelU  m 
aoTM  ])1soe8.  At  c^rioin  points,  firm  fibrous  bands  ot  connective  tissue  unite  the 
tkin  to  the  underK-ing  fAsein,  li^ments,  or  bones  (tenneula.  entut).  In  otbet 
situBtiorts,  princi|)afly  over  prttjpciing  bony  parts,  then;  arc  mhmtitneous  mucotu 
burnt  tilled  witii  a  syno\'ial-like  fluid,  iheir  interior  partly  lined  by  endothclinm. 


TriE    KAILS   ANU    TIIK   tlAtR. 


547 


Uinitriai«<l  muMle-fibBre  are  pro«ni  in  the  u]>i>pnTKwt  \a\vn  of  the  CTirium, 
principally  on  ih<r  cxit-nsor  as]>ccts:  further,  paniciilarly  on  thr  nipplr.  the  mam- 
niilUry  areoU.  the  prepuce,  the  perineum,  and  in  especial  abundance  in  ihe  tunica 
dortiis  nf  tht-  .scn^tttm. 

The  nrterirs  of  the  akin  in  the  palm  of  tlic  band  aod  the  sole  of  th«  foot,  which 
must  stiatain  the  greaiest  amount  of  pressufx:.  possess  ihc  thickest  walls  for  the 
prtipul»i*jn  wl  Ibc  l)]iji_>J-slrtani.  In  silvcr-wwrkvrs,  ihc  elastic  tiUerB  <jf  llit  skin 
of  tJie  hands  aw  discolored  black  in  places  from  the  deposition  oj  reduced  silver, 
and  !he  sninf  i-onditinn  exiets  xn  cuki-k  iif  mt-ditramentouK  arjf^'ria. 

The  cpidtrmie  is  a  layer  of  paveineni  cpil  helium,  from  0.08  Too,  t»  mm  thick, 
united  by  cenient-Mibsianee.  The  deepest  l.iyer.  the  mucous  layer  (dl.  rete  Mal- 
pichii.  conxiiitK  of  M^vcral  lu^'ers  o(  ]>ri>t<>|>laHmie  nuclented  iiricklc-celU  (li) .  without 
membrane,  pigmented  in  the  colored  races.  a»  well  as  on  the  seroivim  and  at  the 
anus,  and  of  which  the  deepest  are  rather  cylindrical  and  vertical.  Aninng  these 
cells  MT^itteR'd  lymphatic  wandering  cells  .-tn:  encountered,  which  convey  iitipurtant 
constructive  and  nutrient  material  to  the  epithelial  cells.  TJn  high  nuKT'i  neat  ion 
the  cells  are  (ounrf  to  be  provide*!  with  n  lit>rillar  structure  The  iiilcrstic<^ 
between  the  prieHes  ser^'c  as  lymph-paths  The  more  sujicrticia!  layere  (b), 
Biratum  comeum.  con.iist  o[  tint, 'homy,  nnn- nucleated,  epidermic  *cale«'CE)  that 
Rwell  up  in  Kixlitim  hydrate.  'Ilie  division  hetwevn  ihvisK  two  liiyim  is  cunstitutrd 
by  a  la\-er especially  distinct  when  the  epidermis  is  thick — of  bright  iransilional 
forms  o(  cells  —stratum  Iticidum  (between  b  and  d)  The  uppcraia»i  layers  of  tl»c 
r|i!dernn-«  an.-  ln-mi!  coniimnilly  il(.-s<iuiitnHted,  while  new  layer*  of  cells  restilting 
from  divisimi  of  the  rete  celU  arc  constantly  brought  up  from  the  depth.  In  this 
process,  llie  cells  that  arc  elevated 
acijuire  the  microscopic  and 
chemical  chnracter  of  the  homy 
lavcr,  inas-miicli  as  the  nticleui:  \m- 
dergoes  atrophy. 

Whertver  pigment  is  present 
in  tlieepidrrniiiit5.el(  ami  likewise 
in  the  cpidermoidal  slructiires.  it 
is  oinveyed,  in  nrnoy  situations, 
from  the  underlvinjt  (onnective 
tissue  by  the  stellate  wandering 
celU.  In  thia  wav  is  expluim-d  the 
fact  that  L'iect'*  of  epidermis  trans- 
planted from  a  white  ncrson  to  a 
negro  soon  bce«.>nic  dark  In  cer- 
tam  other  situations,  however — 
as.  for  inManee,  nn  the  mam- 
milla— it  can  be  sh'iwn  that  the  pigment  is  formnl  in  the  deep  epidtnral  cells 
themselves.  I'inally.  the  pigment  in  connective-tissue  cells  is  said  to  be  deTl\'ed 
in  part  from  that  ffinned  in  the  epidermal  c^^lls. 

In  the  layer  of  the  epidermis  in  which  the  procc«  of  comiftcntion  takes  place, 
therefore,  from  the  upper  layers  of  pricklccclls  down  to  the  actual  comificd 
epidermis,  the  cells  contain  two  varieties  nt  granule* — the  albuminoid,  intriicellulor, 
hyaline  granules,  and  the  fat-like,  extracellular  granules  of  elcidir,  which  arc 
exhibited  in  an  imalogous  manner  by  all  honiy  sirucltireM  at  thr  brwmHnrr-  of  the 
process  of  ctimi ricatitm  The  granulei:  nf  eleidin  can  lie  stained  with  henna,  the 
Qvaliiie  granules  with  hematoxylin.  Both  structures  are  said  to  be  allied  to 
cbiliti. 

Between  thcpricklc-cells  of  the  ejiidcrmis.  and  lielwern  the  laminated  epithelial 
cells  of  the  mucous  membrane,  Herxheimcr  observed  peculiar,  spiral,  solid  fibers, 
which  appeared  to  consist  of  fibrin-Ukc  masses.  The  clastic  fiucrs  of  the  homy 
«kin  undergo  hyaline  swelling  and  scaly  or  granular  diniitegration  as  a  phcnom- 
enoo  of  Age, 
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THE  RAILS  AND  THE  HAIR. 

The  aaili  consitit  of  numerous  laverx  of  firmly  united  comilied  prickly  epi- 
dermal  cells,  which  can  be  isolated  \ty  eniistic  alkalies,  and  at  the  same  time 
undergo  sweUing  and  display  a  nucleus  (Pig  i"S,  n.  m>.  The  entire  inferior 
surface  of  the  nail  rents  ujKin  the  nail-bed.  The  poHierior  and  the  lateral  borders 
an  situated  in  a  deep  Kto'>ve,  the  nail-foid  (Fig.    iSo,  e).     The  corium  beneath 
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»Iif  *iji!l  'i(  1  NniJ,  tlifi"i(h  Ihc  Tnif 

I      I  i  ;■   -,  J  ttijl  ritlet  JifiJrd  itini". f mti :  ', 

hdki-icJ'l  AUlk'iLjl  |4i^-«]i«,  /,  the  iinmj  Uy^r  nf  th^  wl-fnUI.  «IU(h 
hu  iii-hol  ilictt Dirt  thr  mil;  i,  iM|;alixof  thi?  ikin  of  thr  4onaTn 
of  thi  lin^H. 


the  nail  is  provided  throughout  th«  enure  extent  of  the  nail-bed  with  lonf[iludinal 

rowsi  or  bonds  o(  {>3]>illii>  (Kig.  iSo,  4).     Iinmiiliai«ly  al«ive  tlte«>.  a«  uimn  ilie 

skin  in  othrr  &iuiaiion&.  in  tbe  la[ninatc<l.  priokte-ccH  lityiT  of  the  Malpjghiao 

inucoua  network  tFig-  "*o. 
f).  Over  t1)i»  the  ni.il  i» 
sprend.  thus  rrprramtinj 
inc  liomy  layer  of  the  naif 
bed  (Fig,  iao..O.  Thepo*-"" 
tc^rior  nAtl-fold  and  the 
Rcmiltin.ir.  bri);ht(T  portion 
of  tho  nail,  the  lunula,  con- 
siituie  the  root  of  the  nail 
With  tli«  cxceiiuuu  of 
smitll  surrounding 
iliey  form  at  the 
tiinL- the  matrix,  from  which 
the  Kron-lh  Qf  the  nail  talces 
pliLcc.  Th«  whiti«li  crw 
c«ni.  present  also  on  iso- 
lated mtiU,  is  due  to  thei; 
lessened  traniiluci^<.'r  nf  thil 
posterior  portion  nf  the  nail, 
and  tliit  is  a  result  ol  the 
itpcciaJ  thickne».H  and  tbe 
unifonn  distributi<m  of  the 
cells  of  ibc  mucous  layci  in 
this  situation. 

Gratnk    and     Dw«(^^ 

ntenl. — According  to  Unn:i,  uorking  under  Waldcver,  the  matrix  of  tbe  niil  i| 

formed  only  by  the  floor  and  not  also  hv  the  roof  of  tho  fold  up  to  the  antehc 

bordcroftholuntila.    Thonaiigrovwoontinuously 

from  behind  forward,  and  it  is  fovmed  in  lay«T8 

by  wparation  of  the  matrix.     These  la>'ers  are 

parallel  with  the  surface  of  the  matrix.  thouKh 

not  with  that  of  the  nail.     They  pass  obliquclv 

from  above  and  behind,  downnvanl  und  foru-anl, 

through  the  thickncMof  the  nail -structure,     The 

nail  is  of  uniform   thickness  from  the  antcrioi 

border  of  the  lunula  to  the  free  margin.     It,  there- 
fore, no  longer  grows  in  thickness  in  this  area,  ex- 

cej.t  by  the  deposition  of  new  comitied  Uvptb  of 

ceils  from  the  mucous  layer  on  the  under  surface  of 

the  nail.     In  lliecourse  of  a  year,  the  lingers  yield 

about  ]  grains,  the  hands  and  feet,  j-43  ktnims  ol 

nail -subs  lance — in  the  summer  relatively  more 

than  in  the  wjiilcr. 

In  the  dn'tlcprntit  of  the  nnil.  Unna  ob«wrved 

the  fnllowinKStWGS:  {>)  Between  the  >cvvnd  and 

the  eighth  month  of  fetal  life,  the  situHlion  of 

the  nail  is  occupied  by  a  partial  increase  of  the 

comiticiktion  of  thcenidcrmison  the  dorsal  aspect 

of  the  terminal  ]jhalanx   -the  cponyeliium      As 

the  remains  of  this,  there  persists  thruughmtt  the 

whole  of   hfe  tbe  normally  formed,  epidermal. 

homy  layer  that  •epBrato  the  subsequently  de- 
veloped, definitive  nail  from  the  nvif  of  the  fold. 

(1)  The   definitive  nnil  develops   in  the  fourth 

niunth  bcueuth  the  epoiiycliium.     The  l>ai>c  of  tUc 

nail  is  situated,  at  lirst.  at  the  extremity  of  the 

terminal  phAlanx,  and  subsequently  moves  fur- 
ther toward  the  dorsum.     In  the  seventh  month, 

the   actual    thin   nail,  itself  still  covered   with 

eponycbium.  rovers  The  entire  extent  of  the  nail- 
bed,  and  in  the  eighth  month  it  penetrates  the 

fold  wholly,     (j)   wlien.  subsequently,  tbe  eponychium  ts  exfoliated,  tbe  nail  llj 

diKloaea).     Afterbirth,  the  napiUs  develop  upon  the  nuil-lied,  and.  at  the 

time,  the  matrix  exteotb  to  tlie  most  posterior  portion  of  the  fold. 


Fie.   lii— IruuTWH  ^Hucaol  % 
Ukw  ibe  NMk  4<  ibe  U«Jr-i 
«.  txuntl  ibeUb  of  (he  lull' 
«iib  (»)  -OB^n^At  h     _ 
KCika:  «,  InMfiMl  *Mtk  «1  dw 
killid«-.  4.  vtueow  layv  d  • 

MUdci  r,  siuratl,  (.  laufml 

thmh:    f,  oisnal    brrr    IHmlA  < 
ihMth},  (,  iiuBrt  lAr*T  el  itw  l«n»r 
(lta.tln*t    >ticuli)i    k.    omIckU.   I, 
lull 
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The  Hair.—With  ihe  ciiccption  of  tfac  palm  of  the  hand,  the  sole  of  the  foot, 
the  dorsiU  jispecl  of  th«  ihird  phal»n);e«  of  the  fintfers  and  tifs.  the  external 
surface  of  ihc  c\dids.  ihc  elans  |>cni>,  the  inner  surfncc  of  the  prepuce,  a  portion 
of  Ihe  labia,  and  the  lii:>*,  the  *kiri  of  the  entire  body  i»  covered  with  in  part  large 
and  in  i>arl  -im.ill  hairs  (laimijol .  The  hair  is  embcddrd  by  mean»  of  its  rowt  in  a 
deprcision  in  the  skin — ^ hair- follicle  (Fi^  17B.  1) — which  paKses  olilu]uely  thnoush 
I  he  ihiekticfflt  of  Ihoskin.at  linu-s  down  intoihi'siilwutanroiis  ronncctivc  lisKiir.  In 
the  hair-follicle  the  fullowing  parts  are  distininiished:  (H  The  external  libnjus  layer 
(Fig-  i;S,  I.  and  Fig  idi,  a},  constitulctl  of  nuelcated  ctmneeiive-Lisotuc  hiin- 
(llu  [itimuinK  priiieipHlly  a  longitudinal  cuurKe,  an<l  in  which  the  vessels  and 
Qcn'es  are  distributed,  (t)  The  inner  tibrwus  layer  (Fig  tjS.  a.  and  Pig,  181.  t). 
whicli  conlainB  connective-tissue  fibers  uurauing  especially  a  transverse  enursc. 
Toward  the  ori&ce  uf  the  hair- follic lea.  tois  layer  pauses  over  into  the  portion  of 
the  cutis  vera  formint;;  the  papillx.  At  the  b<^tt<>in  of  the  hBirfoUicle  there  U 
formed  from  the  inner  hbroiis  sheath  Ihe  btilhout,  vascuUr  hBir-papill* — eom|>ara- 
ble  to  a  papilla  of  the  cutis— the  matrix  of  the  hair,  from  which  the  gfoiiTh  of 
the  hair  lakes  plaet?.  (j)  The  iniiennosi  layer  o(  the  hair-fu!lielf  [impt-r  fomw,  be- 
sideK.  a  vitrwinis  layer  (FiR.  17S,  j.  iuid  Kig.  181,  J).  ]|  trrminateK  at  the  neck 
of  the  hair>pauil1a:  above,  its  prolongation  passes  to  the  junction  between  the 
cutis  vera  an<i  the  epidermis.  In  addition  to  these  lavcrs.  the  liair-foIHcle  has 
jui  epithelial  lininK.  whieh  must  Iw  looked  upon  as  rclatnf  to  the  epidermis,  Thus. 
the  external  root  sheath  (Fin-  i;8.  a.  and  Fix  '"'•  ')■  consistinR  of  several  layers 
ift  soft  cells  of  librillar  appearance,  separated  by  spaces,  and  lying  in  contact 
with  the  vtireoiis  layer,  appears  as  a  direct  continuation  of  the  Malpighian  mucous 
Liver,  and  it*  ouiermoat  layer  exhibits  celt*  stntehid  laterallv.  At  the  bottom 
of  the  hnir-tolliclf  il  beenmc*  narrmver,  and  on  fully  civvi-loped  hain:  ii  is  delimited 
from  the  root  of  tht-  hair  itself  The  homy  layer  of  the  epidermis,  passing  down 
into  the  hair-foil iele  to  the  orifice  of  the  sebaceous  glands,  rei.iinK  the  properties 
that  It  pf)sxe»Kes  upon  the  ejitemal  xkiii.  Below  the  orifice,  however,  its  con- 
tiDuatiun  forms  the  so-called  internal  r<jot-sheaih.  This  consists  (i>  of  the  outer 
single  layer  (Fig.  17*.  5.  and  I'ig.  181.  /)  of  loiigiludinal.  flat,  homoecneouA. 
nucleated  cells  {FiK-  17J*.  ma{{ntticd  at  il — ^Heidc's  layer— lyini;  next  to  llie  outer 
root-shcath.  Internal  to  this,  there  lies  it)  the  layer  oi  Muxley  <Pig.  i;tf,  &. 
And  Pig,  iSi,  <).  constituted  of  nucleated,  rather  longit^idinal,  polygonal  cells 
{Fix  '?'*■  5^);  ""**-  hi*lly  ii'i  the  eulicula  of  the  inner  rooi-shealh,  a  layer  formed 
of  cidU  in  a  tnanner  armlo}{<fUK  to  the  miperticial  coverinfj  of  Uie  huir!  ntfyur.itei 
the  inner  rJot-sh<ath  fnmi  the  Iwtr  itself.  Toward  the  hair-bulb,  this  triple  layer 
becomes  ill  dehncd.  its  celts  mingling  with  those  of  the  hair-bulb,  without  distinct 
limiiation.  Ail  hair-bulbs  are  provided  wuh  ncrve-eells  and  nerve-fibera.  the 
latter  having  a  bilid  term  in  a  lion. 

The  urr,-ctt'r  fUi  mi*f(U-  (Pig.  178.  A)  is  a  fiat,  expanded  layer  of  unstripcd 
muKk'-libers  passing  frota  the  outer  tibrous  layer  of  the  bottoin  of  the  hair- 
follicle  to  the  upper  luycr  of  the  li^ie  skin,  and  always  subteniliui:  the  obtuse 
angle  formed  by  the  obh(|ucly  directed  hair-folliclt,-  with  the  uurf.iet-  of  the  skin. 
Th«rGfoni,  its  contraction  mmil  cause  the  hair  to  bi^eome  erect  (goosc-llcsh).  .'\s 
&  wbaeeous  follicle  is  usually  present  in  the  angle  mentioned,  the  cunimction 
may.  by  iiressurc.  cau9.e  eviu'uaiion  of  the  secretion  of  the  gland.  In  addition, 
the  mu'srie  exerts  a  compressing  ellect.  upon  the  vessels  of  the  papillary  iMidy. 
Goose'5csb  never  occurs  upon  the  ear.  the  hand,  or  the  foot.  Occasionally  it 
b  only  unilateral  or  cunfitied  to  circumscribed  areas.  The  jiilumutor  nerves  arc 
described  on  p.  711), 

The  arrcctorcs  pilorum  receive  their  nerves  (pilomotor  ner\-cs)  from  branches 
that  pa*s  from  the  spinal  cord  and  thence  into  the  sympathetic.  The  irritation 
oi  certain  ganglia  of  the  s>Tnpathctie  has  caused  erection  of  the  hair  in  detiiiito 
eircumccnbed  arta.<  of  the  skin  m  the  ape.  The  muscles  are  stimulated  by  rcHex 
tnAtienocs.  which  either  extend  over  the  vntirv-  hiHly  or  remain  strictly  unilatenil 
orlocal. 

The  hair,  winch  remains  firm!)'  attached  to  the  suriaee  of  the  bair-papilla  by 
[Deans  of  its  swollen,  lowermo'ii  pnrliim.  the  head  of  the  hair,  eonnist^  of  three 
ports:  (1)  The  medullarv  ^^ubaiance  (Pig.  178.  t,  il,  which  is  wanting  in  the 
lanugo  and  in  the  hair  of  early  childliootl,  consists  of  a  cciilral  row  of  cells,  from 
two  to  inicht  iu  number,  lying  side  by  side  (H.  c).  (>)  Surroundini;  thi^  id  the 
thicker  cortical  layer  (h}.  which  consist*  of  long,  rigid,  comificd  hair-fiber  cells 
(H.  (.  0.  co«tainmg  the  pi  pnen  I -granule*  of  the  hair.  .VcvertheleM.  the  hair- 
aben  at  times  po^ess.  besides,  a  diffuse  tint.  These  fibers  consist  of  minute 
longitudinal  horn-Iibrils.  and  exhibit  a  longitudinal  nucleus  when  boiled  with 
34 
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caustic  alluili«!f.  (j)  Upon  Ui«  mrfwx  ot  tht  hair  la  the  cuticula  (Ic),  coflsistiug 
of  lomiDflted  and  non-nucleated  scales  Atraaged  like  the  shinj^et  on  a  roof  (H.  e). 
The  gfiyifg  o)  thf  hair  in  late  life  is  dependent  upon  n  dcliricncy  in  pimicnt- 
formation  in  the  cortical  stmcture.  The  silvery  luster  of  whito  hair  is  mrtbcr 
Increased  hy  the  development  of  numerous  air-buhbles,  in  large  dumber  in  the 
mcdullii,  bui  also  in  sniNll  numlwr  in  ihr  corU-x.  which  relleci  the  liKht.  Occa- 
sionally  pigment  develops  in  the  growing  hair,  at  times  not.  so  that.  Accordingly. 

tl  appears  diitccilorcd  in  places  and  not  »o  in 
others.  Sudden  ijruyini;  of  the  luiir,  of  which 
well -authenticated  rvctjrds  eKist,  and  which 
ha«  also  been  ■>b«er\'ed  upon  one  side  of  tltc 
body,  was  found  by  Umdois  in  the  caae  of  b 
mun  who  daring  an  attack  of  delirium  treinena 
was  harassed  1^  frightftil  hallucinations  and 
became  g^ay  during  a  single  night,  to  be  de* 
pendent  upon  the  presence  of  many  air-bub- 
bles throughout  the  t-niire  medulla  of  tbe 
blond  hair,  and  in  smaller  numbers,  also,  in 
Che  corticai  structure,  while  the  pigment  was 
prctMTved.  These  itir-bubbles  imparted  an 
exquisite  gray  luster  to  the  hair.  In  rare 
castas,  intermittent  graying  of  (he  hair  of  the 
scalp  has  been  obser^-ed;  so  that  the  hair  ex- 
hibited altcm;iiely  light  and  dark  cuiht  at  in- 
tervals of  about  I  mm.  In  such  a  case.  L«n- 
dois  found  the  bright  areas  to  Ijc  due  to  an 
abtindant  development  of  small  air-bubbles  in 
the  tnedullaiy  canal  and  the  surrounding  cnrti- 
cal  arcs,  while  the  pigment  was  well  prc»:r\-cd. 
As  to  the  d<veUfm*M  of  Ik*  Aoir,  Kollikcr 
has  discovered  that,  first,  about  the  twelfth  or 
thirteenth  week,  depressions  like  the  finger  e>i 
a  glov«  take  place  from  the  epidermis  into  the 
curium.  Tliey  arc  tiounded  externally  by  a 
vitreous  membrane,  and  inienially  are  occu' 

Eied  by  soft  homogeneous  cells  of  the  Malpig- 
ian  mucous  network.  As  these  depremORS 
subsequently  enlarge  downward  ud  atccnijiv  a  - 
fissk-ldcc  shape,  the  cells,  arranged  KuaOytK" 
quiru  a  rather  longitudinal  form  sndeo&stitute 
a  conical  bodv,  nsing  from  the  bottom  of  the 
recess.  On  tlii):  body  thereean  be  recognized 
an  inner,  darker  portion,  the  primitive  hair: 
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BsiMdIiclc.  (rilfl  ihr  H^tr  ill  i'niii 


CbMMTc  r.hflfr  V.  KT-n^r^  a,  rll'rtxal  AnJ 
ndddlr  liR<i  (ollidr  ihrulht,  t,  vlliamii 
Uyn:  i.  liair-pnialU  wlih  vunilur  l<>n|>. 
A  F«rni»l,  r,  inirrml  nxji  Jiwili  riltflci 
ftiUMnl  'nil,  Hmlr'i  'Oil  lluilr/i  U)rr): 
/,  oitinila  ol  ihc  infiTT  lujl  Jirnlh;  i, 
ciniruUiiMlir  h>ii.  i./miiw,  n/pn-im-dul- 
Utnl  (uir;  i',  mniinl  Uficl  the  new  tialf; 
f,  bifr  polyp  ol  ilirnfiiUjiInl  hnir  vllh,iL 
ih*  rtmuu  ol  ih«  afolUitd  eiluuJ 
raot-WuUh. 


and  a  thin,  light,  overlying  cover,  the  inner 
root-she  atli.  The  outermost  cells,  in  contact 
writh  the  wall  of  the  fold.  Ixxome  the  external 
root-shcath  Even  before  this,  the  papUla 
gniw*  friiin  below  toward  the  hair-root;  wiiile, 
ttt  the  name  time,  the  fibrous  layera  of  the  hair- 
folliclcdevclopcxtcmally.  Later  on.  the  apex 
of  the  hair  grows  toward  the  homy  layer  of 
the  epidermis.  Here  the  apect  penetrate*  the 
innermut-isheiith.  which  is  reflected  upon  the 
constantly  growing  hair  like  a  sleeve.  In  the 
nineteenth  week  the  hairs  appear  upon  Cho 
forehead  and  the  brow;  between  the  twenty- 
third  and  the  twcntv-^fth  week  the  lanugo- 
hfiir  appears  free,  having  a  characteristic 
direction  ur  gram  on  ull  parts  of  tltc  body. 
According  to  KfilliWer.  childnn  arc  born  only  with 


iust  as  is  the  case  in  animals. 
anugu-hair. 

Of  the  pltyucal  proptrtiet  of  ilu  hair,  its  great  elasticity  <tea8ion,  0,33  d  lu 
length),  marked  cohesion  (traction  of  from  i^  to  3  ounces),  great  nKisiaoce  to 

Kutrefaction,  as  well  as  its  high  h>-gTOsci>iiic  power,  should  be  pointed  out.    The 
«t  properly  is  possessed,  also,  by  the  epidermal  cells,  as  indicated  by  the  pains 
of  davi  and  cicatrices  in  damp  weather. 
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Tbo  gnnitk  of  tht  hair  takes  place  b^  the  constant  formation  by  cellular 
division  of  new  cclb,  ut  &ntt  »oft.  upon  Xht  surface  of  the  pupilU,  which  represents 
the  matrix  of  the  hair.  Thene  cclU  nre  situated  upon  the  lower  suifocc  of  the 
hair-bulb,  ooquir*  the  ehapv  chnractcristic  of  the  diifcrrnt  j>onionB  of  the  hair  to 
which  they  become  attached,  and  eventually  undergo  connrication.  Thus,  everj- 
newly  formed  layer  raises  the  hair  to  a  higher  k-vc-l  uut  u(  the  follicle.  Kuman 
beings,  between  tho  0tf^t«enth  and  twenty-sixth  ycfir.  pn>duce  daily  o-to  gram  of 
hair^Ctasuc-^orrcspondms  to  a  loss  of  nitrogen  represented  by  ooOtj  P^ra  of 
uicA — »nd  even  more  in  summer:  and  when  frequently  cut,  according  to  Beneke. 
14.6  eriims  of  hair-tissue  from  the  scalp  annually.  lodin  or  bromin,  ingested 
into  the  body,  passes  into  the  tissue  of  the  hair. 

An  ti>  <UaHgtt  in  tiu  kair.  the  alatements  made  are  by  no  means  unanimous. 
According  to  one  view,  after  the  hair  has  attained  its  t>-pical  length,  the  formaCiv<^ 

Srocess  upon  the  surfaee  of  the  hair-papTlIn  is  uninterrupted.  The  h&ir-bulb  rises 
om  the  papilla,  becomes  corniliBd,  remains  generally  free  from  pigment,  and  is 
Anally  raised  more  and  more  from  the  surface  of  the  papilla.  wmCe  its  bulbous 
lower  extremity  becomes  tibriltated  Hke  a  broom  (Pig-  iSi).  The  lower  portion 
of  the  hair-fuUicle.  thus  made  empty,  diminishes  in  sice:  and  upon  the  old  papilla 
a  new  hair  is  formed  through  resumption  of  the  formative  processes,  while  the 
old  soon  becomes  dciai^hiid  and  f^Ia  out.  In  opposition  to  this  view,  Stcinlrin, 
Stieda,  and  othen.  contend  that  the  papilla  of  toe  old  hair  is  d«strDycd,  while  a 
new  00c  forrtu  in  the  hair-follicle,  from  whoM  surface  the  formation  of  the 
new  hair  takes  place.  Finally,  KOlliker  and  Waldeyer  believe  both  that  new  hair 
forme  upon  the  old  papilla  and  that  ita  formation  may  take  place  upon  a  new 
papilla.  The  Ktatvment  that  hairs  may  be  newly  fonni^d  in  adults,  as  in  the  fetus, 
IB  dflttied  by  v.  Ebner. 


THE  GLANDS  OF  THE  SKIN. 

The  sebaceous  glands  (Pig-  i;ti.  I.  T)  are  »implc  acinous  glands  that  in  the 
caM  of  \&r^c  hairs  empty  latvrallv  1>>^  ff/m  one  to  three  openings  into  the  hair- 
follicle,  while  in  the  case  of  small  hairs  the  foUiele  projects  free  thnnufth  the  ex- 
cretory dwct  of  the  gland  (Fig.  tKj).  The  glands  upon  the  labia  minora,  the 
glans  penis,  the  pnrpuce  (Tyson's  gtandt),  and  those  upon  the  red  surfnrc  nf  the 
UpS  bear  no  relation  to  baJr-folliclos.  The  largest  are  present  upon  the  nose  and 
the  labia;  they  are  entirely  wanting  upon  the  palm  of  the  hand  and  the  sole  of 
ihe  foot.  The  glands  cuitain  imlyhedral  or  circularly  flat,  nucleated,  secre- 
tory cells  (Pig.  178.  t).  through  whose  proliferation  several  layers  of  epitlielium 
'result,  the  elements  of  which  undergo  fatty  degeneration  as  they  advance  toward 
the  lumen  of  the  gland,  where  they  are  liroken  up  into  fatty  detritus.  The 
membrane  that  giv<:s  form  to  the  gland-vcsiclv  is  a  structureless  vitreous  skin. 

The  sudoriferous  glands  (Fig.  17S,  I,  K),  also  designated  sweat-glands,  each 
consist  of  a  long,  intostinc-lik*,  diverticular  tube,  whose  e-ttremity  is  rolled  into  a 
convohiLed  mixsa  in  th<.-  Kubculaneous  connective  tissue:  while  the  somewhat  smaller 
ewrotorj'  exlremiiy  pnAse.!*  through  the  corium  and  the  epidermis  in  a  s]iin>l 
manner-^-io  the  illustration  it  is  shown  in  abbreviated  form.  The  cells  of  the 
sweat-glands  are  more  compact,  and  are  provided  with  intercellular  and  intra- 
cellular secretory  paAsoges  and  a  rod-shaped  rentral  body.  The  viands  are 
numerous  and  large  on  the  palm  of  the  hand,  the  pUntar  surface  01  the  foot. 
in  the  axilla,  the  groin,  the  forehead,  and  about  the  nipple:  scanty  on  the  dorsum 
of  the  trunk;  and  uri:  wanting  on  the  glana  penis,  the  prepuce,  and  the  morgiil 
of  tlu:  lips.  Modi H-cat ions  are  ^ucn  in  the  glands  about  the  anus,  the  wax-glands 
of  the  cars  (ceniminous  glands),  and  the  glands  of  Moll  at  the  margin  of  the 
lids  (vi'hich  empty  into  the  hair-follicles  of  the  eyelashes). 

The  gl.indular  tube  is  lined  within  the  convolution,  in  the  smaller  part  ot  the 
ttlbe  by  a  single  liiycr  of  nucleated  pa vrrnwit -epithelium,  and  in  the  larger  pari 
try  cylmdrical  epithelial  cells  (Fig.  i;&,  St  without  membrane,  and  in  part  con- 
taining fatty  granules,  The  mcmbrana  propria  is  structureless  and  surrounded 
by  delicate  connective- tissue  fibrils.  Unstnated  inuacular  tibeni  pas^  in  a  longi- 
tudinal direction  on  the  largvr  glands  (Fig,  ijS,  S,  aj.  The  excretory  duct 
(swvat-canal)  contains  no  muscular  fibers  and  is  lined  by  a  laminated  epithelium 
of  flat  cells,  whose  surface  possasses  a  thick,  cuticular  border.  Within  the  epider- 
mis, the  canal  pursues  an  intereellular  course,  without  an  independent  mem- 
brane, between  the  epidemia!  cells.  A  netwtirkof  cupiLlnries  surrounds  the  con- 
volution.    Before  the  vessels  become  capillary,  the  arteries  form  an  intricate  net- 
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work  surrounding  the  eonvoluLion.     Thi«  Xieats  a  renurkablv  re  rinblanco  to  the" 
network  formiti);  thi-  Klcmcruiiit  in  the  Malpighian  capeuleof  the  kidney.     Finally. 
&  plexus  of  n.crvcs  passes  to  ihc  ^Isiidii. 

TIic  total  mimticr  <it  MiclunfcfouK  i^liinils  may  be  iibout  two  uid  cmc-half 
milliuns,  rpf>n:s<-ntinK  a  sivretrrj'  supcrticica  of  approximately  1080  square 
tnctcre.  With  respect  to  their  function,  it  should  be  bomc  in  mint]  tliut  ihcy 
secrete  ftwcHt  NcvcrthelvBS.  an  vily  (at  is  adntijied  with  tJi«ir  sccixlitm.  puxsiUy 
from  special  cells,  and  this  may  pfcdotninntt  in  the  lecreiiun  in  oiiinuiU,  aa  in 
the  huof-^l.in<U  (4  the  frti};  nt  u  horw'i:  fiJut,  the  glnnds  nn  the  snle  nf  the  doc's 
foot,  and  Ihu^  of  birds'  levt.  Mcisgner  atthhuti-B  only  a  ecerolion  of  (st  to  tne 
eoavtdntcd  glands,  and  Unna  also  believes  that  the  sweat  is  pixxluced  from  tho 

intercellular  Kjiacrs  of  the  prickli-cellR.  which 
ctimmunieatc  with  the  jH-nctrating  sweat- 
duels. 

Tutular  and  reticular  lymplial ics  withouG 
valves  (Fig.  i;8, 1.  v>  arc  pn:s<.-rt  in  the  eutia|| 
in  part  with  blind  temiinations  in  the  papill 
Neumann  obsor\'«d  tb»ni  arranged  in  the  (01 
of  a  network  about  tho  hair-fo|]ie)c«andthe>f 
glands.  A  coarser  network  ot  lar^t-r  Ijinph- 
trunks  \%  found  in  the  subcutaneous  ti^ue. 

The  blood-vessels  appear  pnneiiially  in 
two  lawns;  namely,  in  a  supertk-ial  lajxr. 
from  which  the  loops  for  the  cutaneous  papillx' 
arise:  and  a  deep  subcutaticoua  layer.  Both 
vascular  aruas  anjutomose  bv  means  of  pro- 
cesses. In  additicin.  the  glands  of  the  skin  arc 
surroimded  by  n  network  of  vessels 

THE  SKITT  AS  AN    EXTERNAL 
COVERIMG. 

U  is  the  (unction  of  the  subcutaneot; 
fatty  tissue  to  fill  the  deprrssions  be- 
tween tho  different  parts  of  the  body,  as 
well  ns  to  round  off  projecting  portions, 
so  that  tlie  rounded  fulne&s  oi  the  body- 
form,  agreeable  to  the  eye.  results.  The 
fatty  tissue  acting  as  a  soft  cushion,  also 
affords  protection  from  excessive  pres- 
stirc,  as  on  the  sole  of  the  foot,  in  the 
palm  of  the  hand,  on  the  buttocks:  and 
it  encloses  various  more  important  parts 
that  nuy  be  readily  injured,  as,  for  in- 
stance, the  vessels  and  nerves  in  the 
axilla,  the  inguinal  fold,  and  the  popliteal  s^>ace.  As  a  poor  con- 
ductor of  heat,  the  subcutaneous  fat  shields  the  body  against  ex- 
cessive loss  of  heal;  the  cutis  vera  and  the  epidennis  exert  a  similar 
influence  The  limi.  clastic,  readily  movable  cutis  is  capable  of  afford- 
ing protection  a]i:ainst  external  incchanical  injuries,  and  in  this  it  is 
aided  by  the  ejiidermis.  whose  drj'.  impervious,  homy  tissue,  without 
ners-es  and  vessels,  is  especially  adapted  to  aflord  protection  agati 
poisons  in  solution:  and  is  capable  of  offering  considerable  resistant 
even  to  thermic  and  chemical  influences.  A  thin  layer  of  sebum  pro- 
tects the  free  surface  of  the  epidermis  front  maceration  by  flui<Is  and 
from  the  destructive  action  of  the  air.  The  epidermal  layer  is.  further, 
important  in  the  fluid-economy  of  the  body.  It  exerts  pressure  upon  the 
cutaneotis  capillaries,  and  thus  affords  protection  against  excessive  loss 


Tia.  iS)  — Sfhu-ff.iit  r,!iLa>l  wiih  t  Ijinujtn 
hiir:  If,  uUTidtiijir  tpiilirltiini  h,  xrie 
UsltitihU.  cnnilBiiMl  Im.-.  Ihr  aIiiuIuIx 
n*lkcijum.  -,  fiti-ii-ntaJnin|t  icJU  mihI 
trtt  III  ut  ilnnilului  (iinli-ni4,   4,  ttmi: 
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of  fluid  from  the  vessels  of  the  skin.  Portions  of  sldn  deprived  of  epi- 
dermis, tlierefore,  appear  reddened,  and  exude  droplets  of  moisture. 
Large  wccpinR  areas  of  skJt:  arc  ca]jablc  of  impairinK  considerably  the 
nutritive  state  of  the  body  through  loss  of  albumin.  The  epidermis  and 
the  cpidcrmoidal  structures  arc,  further,  when  dry.  poor  conductors  of 
electricity,  The  passage  of  a  strong  current  diminishes  this  resistance 
to  one-thirtieth,  in  consequence  of  cataphoric  infiltration.  Finally,  it 
may  be  stated  that  the  presence  of  the  uninjured  epidermis  protects 
adjacent  parts  againRt  adhesion. 

As  tbt;  epidermis  i*  but  KliKhtly  v:ttcnnble.  it  is  diawn  tenM.-1y  over  the  folds 
■ind  papilkc  of  the  corium,  which  arc  obliUrrntcd  on  stretching  tb«  jkjn.  Even 
the  pupiH.-c  disapppRr  in  this  wbv,  if  Ihi'  tc-naicti  is  enrnidenihlc 

The  hairs  serve  in  various  situations  as  tactile  orj^ns — ew-laahes,  lanugo- 
hair  of  the  face:  andufion  the  head.iu  a  poor  conductor  of  beat]  the)' regulate  the 
Inking  up  and  Ihv  giving  ofl  of  hrat  una  afTord  protection  against  direct  radia- 
tion miin  the  sun. 


CUTATTEOUS  RESPIRATION.     CUTAWEOUS  SECRETION. 

SEBUM.      SWEAT.      PIGMEIfT-FORHATtOn . 

The  secretory  activity  of  the  external  integument,  whose  extent  ex- 
ceeds more  than  one  and  a  half  square  meters,  comprises  (i)  the  respi- 
rator)' excretion;  (a)  the  secretion  of  the  cutaneous  fat;  and  (3)  the 
secretion  of  sweat. 

Cutaneous  respiration  ha.s  already  been  discussed  (p.  341). 

Suppre«ioii  of  the  activitf  of  th*  ikin  by  vumishinjc  is  followed,  in  worm- 
blootlcd  enimalt  at  ftr5t  by  no  reduction  in  the  Intal  guscous  intcrchansc.  Proba- 
bly incn^asod  rcif.iratory  activity  on  ihi?  part  of  the  lungs  compensates  for  the 
los*  of  thu-  ri'>)>irui(iry  activity  of  the  skin.  In  certain  nuimmals,  eupeeially  in 
rabbits,  drath  r^-nults  from  vamishine  of  the  skin,  jimbably  in  consequence  of 
excetsive  loss  of  beat.  Strong  animals  die  later  than  weak;  horses  only  in  the 
courae  ol  several  days,  with  iremliltnK  and  emaciatinii.  The  greater  the  area  of 
■kin  that  is  not  viimiihrd.  the  later  "Iocs  dcnth  take  iibicc.  Rabbit.s  die  after 
one-eighth  of  the  surface  of  their  liody  has  been  varnished;  and  after  total  covcrini; 
of  the  skin  the  tcmpcr^tuiv  at  mice  declines,  to  aa  Iom'  as  tg''.  Pulse  and  respira- 
tion Ki-nenilly  bec-jme  lcs>  fre()uciit:  but  with  circumscribed  varnishiiix.  iiicreabed 
rmpiratory  (rcqiicney  and  incrtnu^d  t-xcretion  of  urea  hjtve  been  observed.  Swine, 
does,  and  hocses  arc  said  t(i  exhibit  only  transitory  depression  of  icmpeTature 
and  languor  after  one-half  of  i>ie  surface  of  the  body  has  been  varnished,  though 
life  is  prejiervcil.     Vaniivhin);  of  the  skin  is  not  inJuriouK  to  human  beings. 

The  sebum  of  the  skin.  The  fat  sccrctctl  by  the  sebaceous  glands 
is  fluid  when  discharged,  Inn  siafiuating  within  the  excretory  duct  of  the 
gland  it  is  transformed  into  a  white,  tallowy  mass,  which,  principally 
on  the  ala!  of  the  nose,  ran  be  expressed  in  sausagi-shaped  comedones. 
Its  function  i.^  to  keep  the  epidermi.s  and  the  hair  pliaiile  and  to  pro- 
tect the  skin  a]j;ainst  excessive  desiccation.  Microscopically,  the  secre- 
tion contains  innumerable  fal-glohiiles.  a  few  gland-cells  tilled  with  fat 
and  rendered  visible  on  addition  of  sodium  hydrate,  and  in  almost  all 
human  beings  microscopic  mite-like  animals — demodex  foUicuIorum. 

Chemienl  examination  demonstrate*  the  presenci-  principally  of  fats,  particu- 
larly olein  (fluid)  and  palmitin  (sulid  1 ,  tojrether  with  latty  bi  «ips.  and  some  choles- 
tvrin:  in  addition,  a  small  amount  of  albumin  and  unlcnown  extractives.  Among 
the  inorijanie  corwtitucnis.  the  insoluble  carthv  jdiosplmtcN  p-ciJonJerate'  white 
the  alkalmc  chlorida  and  ph<vi]>hatc»  are  Bubtmfinatc.  There  is  sonic  doubt  as  to 
the  occurrence  of  sodium  and  ammonium  phosphate  and  of  ammc<nium  chlorid. 
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The  tvmix  eattosa.  which  covers  the  skin  of  ihc  ncw-bom.  is  a  greasy  mixture 
of  cutaneous  fat  and  macerated  cpidcmiU.  It  contains  35  v«r  cent,  of  wat«r 
and  14  per  cent  of  ethereal  c-xlracU,  tc»c»Hhcr  wiib  traces  ol  albumin,  cUonn, 
eaJcJum,  maffncsittm.  and  phosphoric  acio.  Examiniition  for  fats  ditcloecd  th* 
pr«M»««of  choteiiterin,  isocholutcnn,  oleic  and  palmitic  acids  (sult-i  of  fatt)*  acids), 
together  with  glycerin.  The  fr,fmial  xn^gma  (jJ.S  per  cviU  fat)  is  a  Stmilarj 
product,  in  which  an  ammoniunvsoap  occurs.  Eii'-tvax  is  a  mixture  of  the  sect 
lion  of  the  cerumiiiiJiis  gtandx,  which  resemMc  the  ^udo^ifc^o^»  glands,  and 
the  £lnnch  of  the  hair- foil  id  t-s  of  the  auditor>'  canal.  It  cnnlnins.  in  addition  to 
the  constituents  of  the  cutaneous  fat.  a  bron'n  pigment,  soluble  in  alcohol  and 
fat;  a  bitter  yellow  cxtractivei  albumiii,  lecithin;  cholcstcrin;  pota8Bium-so«£ 
and  a  special  fat.  The  ircreliai*  of  Hit  Mttbotntan  gland:  ■»  cutaneous  fat. 
production  of  the  fatt)-  coating  nccessar)-  for  the  oiling  of  the  epidermis  1< 
place,  together  with  the  formation  of  Wfratin,  in  part  within  the  epidermis  itself 
The  presence  of  cholcBterin-fats  in  this  situation  has  also  been  demonstrated  ia^ 
the  layer  of  beginning  corn iticat ion. 

The  sweat  is  secreted  by  the  convoluted  glands,  the  nuclei  of  the 
secretory  cells  acquiring  a  more  nearlj'  circular  outline,  and  the  cells,  in 
the  horse,  becoming  granular.  So  long  as  the  secretion  is  confined  with- 
in narrow  Uiiiits.  the  water  secreted,  together  with  the  volatile  constitu* 
ents,  evaporates  at  once  from  the  surface  of  the  skin.  As  soon,  however,^ 
as  the  secretion  increases  or  evaporation  is  inliibitcd,  the  sweat  appears 
in  pearly  drops  at  the  orifices  of  the  sweat-glands.  The  former  has  been 
designated  insensible,  the  latter  sfttsible  perspiration. 

Tbc  insensible  perspiration  %'arics  widely.  Generally,  the  right  side  of  the 
body  perspires  more  freely  than  the  left.  The  oalm  of  tht  liainl  sncata  in  greatest 
meaiiure.  Then,  in  order,  follow  the  sole  uf  iJie  foot,  the  cheek,  the  breast,  the 
thigh,  and  the  forearm.  Sweating  incrca«c8  slowly  from  the  morning  onn-aid,  in 
greater  degree  in  the  afternoon,  and  declines  after  the  evening  meal;  then, 
mcrcasing.  it  reaches  its  maximum  before  midnight.  The  prc«ence  of  a  larj 
amount  of  moisture  in  the  siirrounding  air  diminishes  the  perspirnlion.  as  do  all 
copious  sweating  pre^'iously  and  increased  diuresis.  Children  have  a  relative!) 
greater  insensible  penpiration.  Ingestion  of  water  increases,  and  witblioldmg  at\ 
water  diminiuhe*.  the  sweat;  alcohol  also  diminishes  it.  The  smallest  measure  of 
dissipation  of  waur)-  vapor  takes  place  at  ij"  C.  while  both  above  and  below 
this  temperature- level  the  disjnoatton  increases.  The  ordinary'  tcmperaturv  be- 
neath the  clothing  is  about  33°  C.  At  this  temperature  the  insensible  perspiration 
equals  150c  grams  of  water.  When  the  temperature  of  the  surrounding  atmos- 
phere ie  it'  C  and  nbrtve,  sweating  begins.  Generous  nutrition,  warm  clothing, 
and  work  cau<ip  greater  rxeretion  of  water. 

Pathological.— The  insensit^le  perspiration  is  increased  in  the  presence  of  ilili^l 
eases  of  the  skin,  principally  the  scute  er>'themaLa.     It  is  diminished  in  e 
scarlet  fever,  especially  m  association  with  urrmia. 

Sweat  can  ee  collecicd  in  largest  amount  from  human  beings  by  eicposar 
in  the  steam-bath  at  a  high  temperature  in  a  metallic  tub  in  which  the  subje~ 
lies  and  into  which  the  secretion  of  the  skin  flows.     In  this  way  Favrc  collect 
JS&o  grams  of  sweat  in  one  and  a  lialf  hours.     It  is  convcoiont,  also,  to  obti 
thus  the  partial  secretion  of  sweat  from  the  arm,  which  is  placed  in  a  glasa  cylind 
hermctica.llv  lcaIciI  hv  rubber  bandages  about  the  arm. 

In  aninials  sweating  takes  place  in  the  horse,  less  in  cattle,  on  tilt  palm  an 
the  sole  of  the  foot  of  the  ape.  the  cat,  the  hedgehog.     Swine  sweet  \t)  on 
snout,  cattle  about  the  mouth  (^).  while  goats,  rubbtis.  rats,  mice,  and  dogs  dl 
not  sweat  at  all. 

Microscopically,  sweat  contains  epidermal  scales  and  fatty  grenules- 
from  the  glands  of  the  skin  accidentally  present.    The  sweat  is  colorlcsal 
and  slightly  turbid,  with  a  specific  graWty  of  1005.     It  has  a  salty  ta 
and  a  characteristic  odor  in  different  portions  of  the  body,  dtie 
volatile  fatty  acids. 

The  moist  epidermis,  including  the  hair  and  the  nails,  has  an  add 
reaction,  while  the  cutis  has  an  alkaline  reaction.    The  sweat  secreted 
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daring  rest  has  an  acid  reaction,  whiie  if  the  secretion  is  increased,  the 
acidity  diminishes  and  the  reaction  may  even  become  alkaline.  The 
svrcat  is  composed  of  a  glandular  secretion  having  an  alkaline  reaction 
and  an  acid  epidermal  secretion.  The  reaction  will  var\'  in  accordance 
with  the  preponderance  of  the  one  or  the  other  of  these  constituents. 
The  constituents  of  the  sweat: — Water.  tOKCthcr  with  volatile  sub- 
stances, and  it  increases  after  copious  drinking,  991  parts  in  tooo. 
E.  Uamack  found  the  solids  on  the  average  S.5  in  the  thousand,  includ- 
ing organic  matters.  I  in  the  thousand,  and  inorganic  matters.  6  5  in  the 
thousand.  Among  the  organic  substances  there  should  be  mentioned 
some  neutral  fats,  palmttin.  stearin,  found  also  in  the  sweat  of  the  palm  of 
the  hand,  which  contains  no  sebaceous  glands;  in  addition,  cholesterin. 
volatile  fatty  acids,  principally  formic  acid,  together  with  acetic,  bu- 
tyric, proprionic.  caproic,  and  capric  acids,  probably  varying  qualitatively 
and  quantitatively  in  different  portions  of  the  body.  They  are  present 
in  largest  amount  in  the  acid  sweat  first  secreted.  Further,  there  are 
traces  of  sulphocyanid -combinations,  of  albumin  (resemblinK  casein), 
considerable  urea,  more  than  o.i  per  cent.,  and  also  aromnnium-salts 
as  decomposition -products  of  the  latter  in  the  air.  Also  sulphuric  acid, 
in  conjugation  with  skaiol  and  phenol,  and  oxyacids  were  found  by 
Kast  in  the  sweat,  uric  add  by  Tichbome.  In  the  uremic  state— anuria 
attending  cholera — urea  is  even  found  upon  the  skin  in  crystalline 
form. 

Mark<^d  increase  in  the  Mcretion  of  sweat  in  bealtliy  persons  and  in  uremic 
patients  diminishes  the  amount  of  urea  lo  the  urine.  The  rcdtUsh-yclIow  pigment 
that  u-lcohol  extract*  from  the  rctidue  of  sweHt  «»()  thkt  i»  culored  green  by  oxalic 
acid,  is  of  unknomi  comprtsiiion . 

.■^mong  the  inorganic  substances,  those  that  are  readily  soluble  pre- 
ponderate over  thasc  that  are  soluble  with  difficulty.  There  have  been 
found  sodium  chlorid,  0,3;  potassium  chlorid,  0.03;  sulphates,  o.oi  in 
1000,  together  with  traces  01  earthy  plioiphates  and  sodium  phosphate. 
Of  gases,  the  sweat  contains  carbon  dioxid  absorbed  together  with  some 
nitrogen. 

Of  ingested  substances,  thir  following  appear  agsin  in  the  swpat:  retidily, 
beoxoic  acid,  according  to  H.  Meissner,  also  hippuric  acid;  cinnamtc,  lartanc, 
succinic  iicUln;  with  greiitcr  dilhciilty,  quinin.  pTtUiMium  icxlid.  mercuric  chlo- 
rid. arscnous  and  am-nical  acids.  potaGsium  and  sodium  arsenate.  After  the 
ingestion  of  iron  arscniic.  iron  is  found  in  the  urine  and  arscnous  acid  in  the 
sweat.  Mercuric  iudid  i.s  fimnd  transforiiied  into  chlorid.  the  todin  p&^ng  over 
into  the  saliva,     ^^hcti  ingtcstcd.  sweat  has  toxic  cflccts. 

Pit^menl-fcrmatien  takes  place  in  the  form  of  agranular  deposition, 
principally  in  the  deeper,  and  less  in  the  upper  layers  of  the  Malpighi.in 
network.  It  thus  occurs  particularly  in  the  anal  fold,  on  the  scrotum, 
and  the  nipple:  as  well  as  universally  in  the  colored  races.  The  horny 
layer  of  the  ejiidennis  contains  a  diffuse  yellowish-white  pigment,  which 
becomes  darker  in  old  age.  This  piginent-fonnafion  is  supposed,  like 
the  process  of  comitication.  to  depend  upon  a  chemical  process,  in  con- 
Bc<juencc  of  which  reduction  takes  place.  This  process  is  increased  liy 
light,  In  addition,  the  prickle-layer  contains  granular  pigment.  The 
dark  discoloration  of  the  epidermis  can  be  removed  and  the  process 
of  comificatian  can  be  prevented  by  means  of  free  oxygen. 

Amonj;  patholfi^ical  pigment  •format  ions  is  that  whicb  occurs  in  liver-spots, 
frecklej;.  and  in  conjunction  with  Addison's  dJseaise. 
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INFLUENCES  AFFECTING  THE  SECRETION  OF  SWEAT. 

The  secretion  of  the  skin,  which  on  the  average  cquaKs  about  u'l  of  the 
weight  of  the  hodj'.  or  twice  the  elimination  ihrough  the  lungs,  may 
be  increased  or  diminished  asa  result  of  various  influences.  Thctcndcncy 
to  sweating  vanes  greatly  in  different  individuals.  Among  the  influences 
afTecting  the  Becretion  of  sweat  the  following  are  known:  i.  Elevation 
of  the  surrounding  temperature  causes  marked  redness  of  the  skin  and 
profuse  secretion  of  sweat.  Cold  and  a  temperature  of  the  skin  a!>ove 
50°  C.  suppress  the  secretion,  a.  The  presence  of  an  increased  amountj 
of  water  in  the  blood,  principally  after  the  ingestion  of  warm  fluid  ii 
large  amount,  increases  the  sweat,  j.  Marked  activity  on  the  part  of 
ihe  heart  and  the  vessels,  in  consequence  of  which  the  hl«o<i- pressure  in 
the  capillaries  of  the  skin  is  increased,  has  n  siniiiar  effect.  In  this 
categon.'  belongs,  also,  the  increased  sweating  in  mnsequenre  of  violent 
muscular  activity.  Under  such  circumstances  the  excretion  of  nitro- 
gen through  the  sweat  is  increased.  4-  Certain  agents ^hydrotics — 
increase  sweating,  such  as  pilocarpin,  physostigma,  strychnin,  jmcto- 
toxin,  muscarin.  nicotin,  camphor,  and  ammonium-combinations. 
Others,  such  as  atropin  and  morphin  in  large  doses,  diminish  the 
sweat.  5.  The  antagonism  that  exists  between  the  secretion  of  sweat 
and  the  secretion  of  urine  and  the  inteslinal  discharges,  probably  in 
consetjuence  principally  of  inechanica!  influences,  is  especially  note- 
worthy in  so  far  as  abundant  micturition,  as,  for  instance,  in  rases  of 
diabetes,  and  thin  stools  arc  associated  with  dryness  of  the  skin. 

[f  the  amount  of  sweat  is  increased,  the  proportion  of  salts,  urea  and, 
albumin   present  increases:   while  the    remaining  organic  substanc 
diminish.     The  more  saturated  the  air  wth   watery  vapor,  the  more' 
readily  does  the  secretion  appear  in  drops  upon  the  surface;    while  in 
dry  air  in  active  motion  the  secretion  appears  as  fluid  later  in  conse- 
quence of  the  rapid  evaporation. 

NERVOUS  COHTROL  AFFECTING  THE  SECRETION  OF  SWEAT. 

As  in  the  secretion  of  saliva,  vascular  nerves  are  princiirally  active 
in  the  secretion  of  sweat,  in  addition  to  the  true  secretory  ner\'es:  and 
most  frciguently  the  vasodilators,  as  indicated  by  the  sweating  when  the 
skin  is  reddened.  The  observation  of  sweating  when  the  skin  is  pale 
(the  sweating  of  fear  and  of  death)  shows,  however,  that  also  in  the 
presence  of  vasoconstriction,  the  sweat-fibers  may  at  the  same  time 
be  active. 

UndtT  cprt&in  conditions  an  increase  in  the  amount  of  h\ood  prc«<-nt  appeat 
alone  to  be  sulHcient  fur  thr  oceurtviur*-  of  sweating.     In  (avor  of  this  view  is   ' 
n)]iGerv.-)li<in  of    [Itipiiy,  uhn  noit^l   unilitlrral    swrflting  of   thi;   ni^ok  iii 
after  division  of  the  cen-ical  sympatticti* ;    and  in  oppoMlion  to  this  view  is 
siatemi-nt  of  Nitxtlnudi-I.  wlm  ubscrvvd  iliminutmn  of  sweating  in  human  bciofc* 
itfter  p t-rcni tone! Ill X  i:»1vai)i;:,-«tiiin  of  the  ciTviciil  xyin])nthi;ttc. 

Independently  of  the  circulation,  sweat-nerves  of  independent  activ- 
ity control  the  secretion  from  the  surface  of  the  body.  Irritation  of  the 
appropriate  ner\'e-lrunk  still  causes  transitory  secretion  of  .sweat  even  if 
the  extremity  has  been  previously  amputate<i ;  and  therefore  the  circula- 
tion no  longer  exists.  In  addition,  the  secretion  of  sweat  may  take  place 
under  higher  jjressure  than  that  of  the  blood.     In  the  healthy  body. pro- 


NERVOUS   CONTROL    APPECTINC,    THE    SECRETION    OF    SWEAT. 


537 


fuse  secretion  of  sweat,  it  is  true,  appears  usually  to  be  associated  with 
vascular  dilatation,  lilte  the  secretion  of  saliva  after  irritation  of  the 
facial  nerve.  ImlceJ.  the  sudoriferous  and  the  vascular  ner\'es  appear 
to  pursue   almosit   itlentical   paths. 

For  Ibc  hind  extremity,  m  the  cat.  Hickc  BtKra  are  coi)tuinc<i  in  the  sciatic 
nerve,  Luchxinger  was  at»i<  to  excite  consttantly  renewed  aecreti.m  of  tweat  for 
linlf  an  hour  liy  itritatitin  iif  thr  pf-rijihoral  )itttiti|),  if  the-  j>aw  wiis  cnnstantlj' 
kept  dry.  This  ticr\'ous  activity  is  destroyed  by  atrupin.  li  a  young  cat.  whosp 
sciatic  iKTW  on  oiie  «iile  has  been  tlivided.  i&  pl.iced  in  a  room  filled  with  hot  air. 
the  three  intact  tncmlwrs  «onn  sweat,  but  niit  llial  with  tht  ilivided  iitrve,  not 
even  when  excessive  hyperemia  of  the  member  is  inrluccd  hy  lieation  of  the  \xins. 
The  swcai-iiticrs  pass  centrii)eial!y  froni  the  sciatic  iier\'e,  in  the  abdominal  oym- 
pathetic,  in  order  to  re^ieh  ttic  uj;i:>ct  luinliiir  and  I'lwer  tUirsnl  cvrd  (twelftli  dorsal 
and  tint,  second,  and  third  lumtiar  roots  in  the  cat),  through  the  communicattn); 
hranches  of  the  sympathetic  and  through  the  anterior  roots.  The  center  for  the 
seerMion  of  sweat  in  the  hind  exiremitici  is  situated  in  the  Kanelia  of  the  anterior 
home  m  the  lower  dorsal  and  upper  lumbar  portion*  of  the  spiniU  cord.  Aeeordinj 
t<>  Luntjley.  nun-medulla  ted  sweat-hbcrs  pass  in  the  cat  to  the  nerves  from  the 
eleventh  dorsal  to  the  fifth  lumbar,  and  are  derived  from  the  sixth  and  seventh 
lumbar  and  the  tint  amd  Ki-coml  sacral  jianKtia  of  the  i)-mpathet]C.  The  origin 
and  ri>ur»c  of  the  vasomotora  are.  on  the  whole,  the  same 

This  spinal  center  may  be  irritaie<i  directly  (0  through  marked 
venosity  of  the  blood;  therefore  tbruus:!!  dyspneic  stimulation.  In 
this  categop.'  l^elongs  probably  al.so  the  sweat  of  the  death-agony,  (i) 
ThrouRh  overheated  blood  {45*  C.)  passing  through  the  center.  (3) 
By  certain  poisons  (see  p.  53ft).  Reflex  stimulation  of  this  center  is 
effected,  though  with  varying  result,  through  irritation  of  the  crural  or 
peroneal  nerve  of  the  same  side,  as  well  as  of  the  sciatic  Der^'c  of  the  op- 
posite side. 

For  the  (ore-paws,  in  the  eat.  the  sweat-tibera  pass  in  the  ulnar  and  median 
nerve*.  Thene  pass  from  the  <lonutl  n>otit  lietvreen  the  fourth  and  the  tenth  to 
the  dorsal  division  nf  the  sympathetic,  and  then  pass  downA'ard  ihrouL'h  Che 
stellate  ganglion,  and  thence  mlo  the  nerves  of  the  aiiierior  limb. 

An  analogous  center  for  the  anterior  extremities  is  situated  in  the 
lower  half  of  the  cervical  cord.  Irritation  of  the  central  stump  of  the 
brachial  plexus  causes  reflex  sweating  of  the  paw  of  the  opposite  side. 
Under  such  circumstances,  the  hind  paws  also  sweat  at  the  same  time. 

Pathological. —Degeneration  of  the  motor  gunKha  of  the  anterior  horns  of  tlic 
spiitiil  c"td  uuUiccs  lij»  cf  the  svervtion  of  sw<;nt,  together  with  paral>'»i5  of  the 
striated  muiKlei;  of  the  trunk.  Pcrnpiration  in  increased  in  enfeebled  a*  well  as  in 
edematous  estremilies  NV-phritie  paiienU  exhibit  great  variations  in  the  amount 
of  water  given  off  by  the  skin.  Dteffenhach  iibierved  that  iweating  n-.-ipjj eared 
in  tram;plantt-d  bitK  lif  skm  mUy  after  the  rtluni  of  H-n«tivily- 

Thc  swiMt-tiliers  for  the  head  {man.  horse,  snoui  in  sivinei  arc  derived  from 
the  upper  dnrsal  sympathetic,  pass  through  the  stellate  i-iinylion  and  ascend  in 
the  cervicil  sytiipnlheiic.  The  <il»(!rviiliim  t-i  pmhalily  ainiriipriaii-  here  tliat  in 
human  beings  ptrciitaneous  galvaniz.ttinn  of  ihc  cer^'icoJ  sympathetic  causes 
sweating  on  the  same  side  of  the  face  and  the  arm.  as  well  as  the  ualbological 
observation  thai  in  .-Lssocinli<m  with  unilateral  sweating  of  the  heml,  neck,  and 
upper  extremity,  the  corresponding  pupil  i*  dilated  and  the  tkin  is  pale.  In  the 
cephalic  ji'irtioii  of  the  syinpathetie  the  siveat  lilK-rs  enter  the  liranches  <ii  the 
Ingetninus.  and  this  fact  exjilaiiis  the  circumstance  that  irritaiioTi  of  the  infni- 
OTbalal  ncrw  excites  the  seeretion  of  sweat.  Sonic  fibers,  however,  arise  directly 
from  the  trigentinal  mols  and  the  facial  iterve. 

Undoubtedly,  the  cerebrum  must  also  exert  a  direct  influence  either 
upon  the  vasomotor  nerves  or  upon  ihe  sweat -fit>ers.  as  is  shown  by  ihe 
sweating  that  attends  emotional  disturl>ance.':,  fright,  etc. 
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Kory  bcloqe  the  ran  caacs  of  Uood-nvMd'nj.  hfmaiidrosis,  vitich  may  also  be  uni- 
lutc'ral.  ana  in  which,  at  times,  the  bloody  dtKchurjfc  trom  the  pores  of  the  »kin 
npp«ors  to  tnke  place  vicariously  for  abxent  men«tniatioii.  More  commonly,  how- 
ever, the  condition  has  been  one  of  the  sjitipiom*  of  a  profound  nervous  disorder, 
eapeetally  convulsive  semirra.  Blood -corf . 11  scles.  rarely  blood-en'stals.  have  been 
found  in'the  escaping  drops  of  red  sweat,  Yclluw  (ever  aUo  is,  at  times,  intended 
with  bloody  8%vpats,  Hihnry  ]>ii;rn-iit  has  b«-n  found  in  the  sweat  of  ijitindiced 
persons;  a  bluish-black  discoloration,  further  a  blue  color  from  indigo,  from  pyo- 
cyanin  (the  ruTC  liluc  pigntcnt  of  pusL  produced  by  ili<:  liacillua  pyocyancus,  or 
from  ferric  phnapbate.  tire  umon^  the  rarest  exceptions.  Such  colored  kweatinx 
is  de«i(piatca  c''fo"n\ir.>ji>. 

Between  the  epidermal  scales  «nd  upon  the  hair  th«rc  Uvc  numerous  micro 
organitms,  which.  Aowevcr.  must  hv  dcsignnted  as  innocuous;  Two  varieties  of 
tacohoromyee*:  the  leptothrix  epidcrmidiie  atid  various  bacteria  on  surCacet  the 
sent  of  intertrigt),  natnelv.  live  vitrieties  uf  micrococci;  and  between  the  toes,  the 
bacterium  gravfolens'ancf  bacillus  Baprogcncs.  which  generate  the  odor  of  the  swe.tt 
of  the  foot.  Yellow,  blue,  and  red  sweat  arc  likewise  caused  by  bactcna.  the  last 
by  the  micrococcuH  hsmatodes.  Red  swtvit  and  tihick  swcHt  may  be  cau»e<l  also 
by  avariclyof  tontla.  Within  thelcsionsof  acne  and  in  conte.dones.  there  vegetates 
a  thick  bacillua,  which  llodaia  coasidcr«  as  the  cause  for  the  formation  of  the 
pustule. 

Grape-suftor  has  be«n  found  in  the  sweat  in  cnses  of  diabetes;  rarely  uric 
acid,  in  individtiaU  with  calculi;  cystin,  in  csuies  of  cyetiniiriti.  In  the  fetid  sweat 
of  the  feet,  leucin.  tyrosin,  vnlcrianic  acid,  and  ammonia  are  pivBent.  This  con- 
dition can  be  corrected  only  by  the  most  systematic  and  icnipulous  cleanliness. 
To  the  (oot*lKit)Mi.  anti-fermentative  and  bactericidal  KubKtances  nhould  br--  added, 
such  as  salicylic  acid  or  potassium  pcmianKanatc.  Odorous  secretion  of  sweat  is 
dcaignalcd  as  oimidrons.  fclid  sweating  asoromidrQsis.  In  the  sweating  stage  of 
intermittent  fc\-cr.  coaaidcrable  calcium  butymte  has  been  found:  in  cases  of 
puerperal  fever,  lactic  acid.  The  viscid  sweat  of  acute  articular  Hicumatism  is 
said  to  contain  a  greater  amount  of  .ilbiimin.  as  docs  also  the  sweat  attending 
enforced  diaphoresi». 

With  respect  to  abnormalities  fa  the  (ecretion  of  che  cutaneous  sebum,  there 
should  be  memioncd  the  pathoIoKictil  inereaBc  in  svcrotion — seborriua— which 
occurs  either  locally  or  disseminated  over  the  entire  skin.  In  cases  of  prematuro 
baldness,  there  is  increased  production  of  ftebum  on  the  scalp.  Diminished  secie- 
lion  of  sebum — itttraiojis  af  the  jMin — causes  the  skin  to  become  brittle  and  nnigb, 
in  part  locally  and  in  part  extensively.  Often,  as  upon  the  bald  head  in  the 
aged,  the  sebaceous  glands  undergo  atrophy.  If  the  c.xcffiorj-  ducts  of  the  seba- 
ceous K^ands  become  vbiitTvcted.  the  sebum  accumulutea,  in  greater  ur  lesser 
amount,  .Vot  rarely,  the  excretory  ducts  arc  occluded  by  particles  of  dirt,  gran- 
ules of  ultramarine  derived  from  waaliing  blue,  and  vegetable  fibers  from  the 
clothing.     By  pn'smre,  the  fatty,  worm-hke  comedo  is  discharged. 


ABSORPTION  THROUGH  THE  SKIN. 

TIVITY. 


GALVANIC  CONDUC- 


After  prolonged  expostire  to  water,  the  epidermis  becomes  moist  and 
swollen.  On  the  other  hand,  the  skin  is  incapable  of  absorbing  sub- 
stances, either  salts  or  vegetable  poisons,  from  watery  solutions,  such  as 
baths.  This  inability  is  due  to  the  fat  normally  present  in  the  epi- 
dermis and  ihe  pores  of  the  skin.  U.  therefore,  substances  dissolved 
in  such  fluids  as  db^olve  and  extract  the  cutaneous  sebum,  a.<>  al- 
cohol, ether,  and  particularly  chloroform,  arc  applied  to  the  skin, 
they  may  be  ab.sorbed  in  small  amounts — in  larger  measure  in  rabbits. 
Volatile  substances,  such  as  carbolic  acid,  that  exert  a  corrosive  effect 
upon  the  epidermis,  are  capable  of  absorption  through  the  injured  areas. 
Absorption  does  not  take  place  from  ointments  applied  simply  to  the 
skin.  Inthecaseof  persistent  vigorousinunction,  there  occurs,  at  times, 
a  forcible  introduction  into  the  pores  of  the  skin,  not  rarely  in  association 
with  mechanical  lesions  in  the  continuity  of  the  layers  of  epidermi.<i. 
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Under  such  circumstances,  absorption,  as  of  potassium  iodid,  may  take 
I)Iace  from  ointments.  Thus,  v.  Voit  observed  globules  of  mercury  be- 
tween the  layers  of  epidermis  and  even  in  the  corium  of  an  executed  in- 
dividual, to  whom,  while  still  warm,  he  had  given  vigorou.<>  inunctions. 

In  courses  of  trcntTnent  with  inunclions  of  rrK^rcurial  mntment.  globules  of 
mercury  jiwicirai*.  un  rwbliing.  ali»  int<i  thi-  hnir-ful licks  and  exfrt-tory  ilucu  of 
ihe  i>lun<".  whi-r<:  undpr  %hr  inliurncc  of  the  glandular  sccrrtifni  ihey  may  hr 
tran&formpd  inio  a  comtiinatian  susceptible  of  absorpiioii  In  addition,  mercury. 
in  the  form  of  viipnr.  ifathcs  the  ri'^inratury  mucini.t  iiii.Tiilir.uw;.  wlii-rt,  likeM-eic. 
it  ti>  traiisfnrmcd  into  an  :i1>siirlinl>1c-  ccitnhinatidn  The  inflnnKd  skin,  (.-spi-cially. 
however,  wh-cn  covered  with  lissurcd  or  injured  epidermis,  absorbs  rapidly.  like 
a  wound -surface,  Aa  ull  subaLancca  ttiat  irritate  tht  iikiii  Bxrvur  the  vuntiiiuity  of 
th«  latter  when  th«  effect  is  Icng  cuntiniR-d,  it  ciui  readily  be  underRtwd  tlut 
they  arc  eventually  ohcorbcd  from  the  wounded  arcw. 

As  tlie  skin,  iinHer   normal   conditions,  absorbs  oxygen   from   the 
fttmosphcro.  it  may  also  absorb  gases,  such  as  hydrocyanic  acid,  hydro- 
gen 3ulphid.  carbon  monoxid,  carbon  dioxid.  vapors  of  ether  and  cliloro-j 
form.     From  a  bath  that  contains  absorbed  hydnigen  sulpliid.  this  gaS' 
is  absorbed:  conversely,  carbon  dioxid  is  givcti  off  to  the  bath-water. 

In  (niipt.  active  al)«>ri'ti«n  uf  watery  snlutirin*  taki-:s  place  thrr'UKh  the  Rkin. 
the  epidermal  cells  undergoing  enlargement  and  exhibiung  motor  phenomena^ 
Thcst-  phenomena  may  also  \>c  induced  arti riiially  l>y  c!n:tric  si!mulati<^n      The' 
fnni  also  alwiirbs  niueh  water  ihrouKh  the  nkin  evtn  whvn  the  circulation  i*  elimi- 
nated and  llic  central  nervous  system  is  destroyed;    thou^  more,  however,  when  , 
the  circulation  is  maintained.     The  skin  of  the  irog  exhibits,  in  thv  process  c' 
absorption,  a  vital  ctUular  activity,  in  consequence  of  which  penetration  take 
pUm-  from  with'iiit  inward. 

Thp  transfer  of  watery-  solutions  through  the  skin  by  means  of  the  constaat 
galvanic  current.  cata}jhortc  action,  in  a  matter  of  ecpi-cial  intercKi.     Both  «lec«] 
tnidcK  are  iniprcijnntrfl  with  a  watery  u>Iutian  of  the  Milistance  in  quexlion.  aiti 
the  direction  of  the  current  h  altered  from  time  to  time      Thus.  II    Munlc  w«i_ 
able  to  introduce  through  the  skin  of  rabbits  within  several  minutes  sirychniOL 
from  the  effects  of  which  ihey  died.      In  man.  the  tntniduetidn  of  ciuinin  and  po-i 
tasaium  iodid  into  the  body  was  thus  clTectvtl.  these  substanees  bcinj;  subsequently 
demonstrated    in    thv   urine.      In    the    introduction,    the   compound    bodies    are 
(always')  decomposed  by  the  current:  thus,  for  instance,  the  positive  pole  of  the 
cunvnt  introduce*  the  caleiura  of  ealeiurachlorid;  thenegative.  only  chlorin 


COMPARATIVE.     HISTORICAL. 

In  all  vertebrates,  the  sl^ill  consists  ol  coniim  and  epidi-nnis  In  rrritiles, 
the  comifieaiton  of  the  e[)idermii  occurs  in  large  plates  (scales  of  the  snake, 
shflll  of  the  tnrti»iw>  .Amonj;  niiimmals,  the  armadillo  exhibits  a  similar  (urma- 
tion.  In  addition  to  hair  and  nails,  then:  occur  in  aniiniiln  as  epidermrndal  Ktroc- 
turra.  prickles,  bristles,  feathers,  claws,  hoofs,  horns  (the  nnilers  of  the  deer  anr 
bony  formations  ari.tini;  from  the  frontal  bontl,  spurs  (cock),  the  homy  covciria| 
of  tlic  beak  of  turtlcii  and  i>f  bird.t.  and  the  honi  of  the  rhinoceros  The  scaks  >  .  _ 
lish.  on  the  other  hand,  c.msist  of  (^«^JIi^^d  [lortioo*  of  skin.  Some  hah  pooes ' 
ConMderiiliJe  purlifos  of  tvme  upr-n  the  skin 

The  «km  m  provided  with  a  large  variety  of  inlnndc.  tn  the  amphitiia.  they 
secn'le  <'iihi-r  mucus  alone  or  ooitoiious  substance*  ScrpentK  anti  lonniMs  pCHK» 
no  cutaneous  glands  at  all  in  lixanl*.  the  thich-?Ipttid»  rstefKl  from  the  anna  to 
the  ptiphical  spaces.      In  crocodiles  tli<  '■-neuth  the  margin  of  the 

culanriius  t.>»cixi»  scalcx.     Birds  have  n.  'Is-    The  coccyj^-al  gland. 

situated  above  the  coccyifpal  vertebra,  iiirrii;n^-.  .>  -'retion  for  lubncattng  th< 
fbathen. 

The  civvt-Kluv^M^te  «"""  ■^'  "'■"  '■^^■■■'■■"  ■'  •'*  prn>"t'al  tflnnds  on  ths 
musk-bac  <ji  Ibv  ^^^^K>  ^*^;  '*'*"  i'"'"^'  glands  all 

rumin;mt8  at*   prnM^V'  ,"  .    V"'    '■tr.xigly    „dc,r 

cwtomim  it  the  ■Mrrrti''^  ■*  a\  U«J»  «.-^^s  ■'*  Uw  bwiv.r. 
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ttolhieco.  the  skin,  conxiEting  of  (^idcrmiii  and  coriitm,  is  intimately  united 
with  the  undfrh-inj;  nuisclts  to  form  the  musculr-cutanrnus  tube  of  tlic  bociy. 
Cenhalopods  have,  in  their  skin,  the  so-called  chruniaiophoix^:  that  is.  round 
(i;  lillrd  with  Kriinuhir  in]jmeiil,  al  thif  iM-riithrry  of  which  niuKcular  libvn  are 
ittachivl  in  s.  radiate  maimer,  bo  ihai  their  contraction  must  incrrasc  the  colored 
■uriace.  Through  the  play  of  these  iruM^lcs  there  result  the  color- variations 
[observed  in  cut  tic-fish.  (^hTOiii»t(>]>horeit  arc  itreneni.  aloo,  in  other  cluasea  of 
itn.  such  as  ntnphiljia  (hog)  und  fiith  (pike?),  in  these  luiimalN.  they  appear 
niicctivc- tissue  cells,  within  which  pigment- granule*  cither  collcci  toward 
I  ecnltr  or  swarm  toward  the  periphery,  while  the  f^riici'SHes  of  the  colls  them- 
wlves  do  not  change  iheir  place.  Everj*  cell  is  provided  with  numerous  nervt- 
endings,  which  !(um>uml  the  iiiffment-miuii:  in  the  form  of  garlandit.  with  free 
terminal  radiations.  Sf^iccial  glands  furnish  the  material  for  the  formation  vt  the 
scales  of  the  snails.     In  all  invcnehratcs,  the  development  of  the  scales  takes 

f.plac<-  from  a  portion  of  Ihe  surface  of  the  body  of  the  animal  that  haa  been  deaig- 
nati-tl  the  nuinlle 
In  articulates,  the  entire  surface  of  the  body  is  covered  by  a  more  or  less 
•olid  shield,  which  is  lu  be  considered  as  a  cuticulur  alructure  caiiaiatinK  of  chitin. 
which  i*  wparali'd  fri'tn  iht-  uiidc-rK-irK  matrix.  It  extends  for  swine  distance 
into  the  diffetlivt'  lubi.-  and  the  trachea.  In  the  formation  of  the  i;kin  it  is  thrown 
ofl  and  replBCTB  itseU  anew  frnin  the  matrix.      This  shield,  which  affords  (irntection 

tto  the  body,  serves,  at  the  same  time,  for  the  attachment  of  the  muscles.  It 
thuK  liecomeit  a  passive  inntiir  <irRaii  ci>m|i;trat>le  to  the  Blceleion  of  IXw  vertebrates. 
The  cchiiioacrmB  exhilni  dritosits  nf  linn-  in  Iheir  skin,  in  consequence  of 
which  thev  often  acauire  a  cutantxjus  akeklcm.  The  deposits  of  lirnc  are  cither 
united  ui  fonn  larRe  inunovable  plates,  at>  in  the  scale  nf  ilic  sua -urchin ,  or  united 
toKirther  in  .segments,  jib  in  the  amis  of  the  .■rtar-fi.%h.      In  holnthnnnns  aliinc,  the 

Isignitidtncc  of  calcitication  with  respect  to  ihc  cutaneous  skeleton  is  of  subordinate 
importance.  In  them,  onjy  isolated  platen  *f  lime  have  remained  in  x-arious 
forms,  [n  worms,  the  skin  forms  with  the  underlyins;  muscles  the  muscuki- 
eutaneouK  ttilx!.  The  epidermis  is.  in  some,  pmvided  witfi  cilia:  in  other*  {tape- 
worms) it  is  trnvc.-nu-d  by  pores:  while  in  Rlill  othi-nt  il  is  wilhotiT  any  npnendnge. 
The  booklets  on  the  head  of  tenia?,  the  rod-slia|«d  motor  bristle*  on  tne  body 
of  earth-wonns,  are  cuticular  formal  Kins.  Cniaiiv<ms  ^'ands  are  present  in  llie 
more  highly  developed  worms,  such  »«  the  leech 
Tlic  imegumeni  of  ca'lcntrates  (ionphyics)  is  characterised  by  the  forerunnns 
of  diaseminated  iiettle-cclLi;  that  id,  cell.-*  jiro^'ided  with  whip-like  pn>ccM«.!),  which 
contain  a  comwivc  fluid  and  M.■r^'e  as  orifons  of  capture-  Cilia  are  present  in  many; 
in  some  ■  twbiilar.  external,  ehitin-like  skeleton  is  fnnned.  The  integument  of 
■pontes  issuggestiveof  that  of  xcx'^phx-tes .  Infusoria  possesanumerous  cilia,  which 
in  part  are  even  ■tubject  to  voluntary  stimulation.     Rhixopodc  are  wholly  unpro- 

Ivided  with  a  true  skin.  N^everthcle'sK  under  thcKecircumstanees  the  fcirmaliun  of 
Kilicii'US  (radiolaria)  or  (calcareous  structures  (monoihalami.i  and  polythalamia) 
is  noteworthy 
Historical:  Hippocrates  (biim  460  B.  C.)  iind  ThwiiihrastiiK  (horn  371  B.  C.) 
disitngtiishcd  persiJiration  from  sweat.  According  in  the  latter  the  sccrctiot;  of 
sweat  stands  m  a  certain  antagonistic  relation  to  the  secrciton  of  urine  and  to 
the  ami.<unl  ol  water  in  the  feces.  Individuals  suffehn;;  from  frijfht  were  believed 
to  swtat  more  freely  from  the  feet,  h'ather  Augxislinus  stated  that  he  knew  an 
individu.^l  who  wac  ahic   to  sweat  voluntarily       .According  to  Caasius  l-'elix  (i>7 

■A  D  )  the  skin  absorbs  water  in  the  bath  He  made  investigations  into  the 
evap<]raiion  from  the  skin.  Sancmnus  (1614)  measured  more  accurately  the 
insensible  peripi ration  and  the  kwsof  weight  on  the  jiart  of  a  fasting  imiividiial. 
Tbc  hair-follicic  and  the  root  of  the  hair  are  mentioned  in  the  Talmud  AlbcTli 
(i5ftt)  recognized  the  hair-bulb.  Donatus  (1 588!  made  the  firai  report  of  sudden 
gnytnjf  of  the  hair.  Riulan  (1626)  diacovcrcd  the  cutaneous  pifimcnL  of  the 
nejjo  in  the  epidermis,  Dc  Hcydc  (1684)  and  Levuwcnhuock  described  the 
ciliated  movement  on  the  beard  of  mtiaaclt  (1694). 


PHYSIOLOGY  OF  THE  MOTOR 
APPARATUS. 


STRUCTURE  AND  ARRAIfGEMSnT  OF  THE  MUSCLES. 

Tbe  striated  (voluntary)  muscles  uk  covered  on  their  outer  suriAc«  by  a 
COnnectivotiMtM!  «h«alh,  the  esumai  p<rt»iyuum.      From  this  sbeath  s^ts  «xt 
into  tbe  interior  of  the  muscle,  th«  internal  crHinysiMtn.  canyiag  wu^m 
nerves,  and  dividins  the  muscle  into  bundles  oi  fibers,  which  are  sometimes  fiaef^ 

icyc    muscles)    and   somelinws   coaner    QrlittcAls).     Biich    compartmrnt  thus 
onned  contains  a  number  o£  musde-fiben  1/mg  clone  together. 

Bacli  muade'&bcr  is  surrounded  by  a  nch  mcibwork  of  blood-capillaries,  witli 
neigbbofing  lymphatics;  it  also  has  a  nerve-fiber  leading  to  it.  These  structures 
nre  held  on  the  stnfaoe  of  the  muscle-fiber  by  meant  of  an  extr«ni«l)r  delicate 
connective  tissue  with  &  Kareely  recogniiablc  hbhlinr  structure.  rrpn.-scnting  to  m 
certain  extent  a  perimyiitim  for  each  separate  fiber. 

The  individual  muscU-fiiMrt  or  pfimiliv*  muscular  buwiles  may  be  isolated  bjr 
means  of  a  js  per  cent,  solution  of  potassium  hydroxid.  or  of  nitric  scid  containiitg 
an  excess  en  potassium  chlorate.  They  arc  from  lo  to  too  u  in  diameter.  ana| 
are  of  limited  length,  in  man  from  $.3  to  9.S  cm.  Within  short  muscles  (the  sta^ 
pedius  among  otnen  and  the  small  mujtclus  of  the  frog)  tbe  fibers,  therefore, 
traverse  the  entire  length  of  the  musclci  within  longer  muscles,  howcA'cr,  each 
fiber  tapen  to  a  point  and  is  attached  obliquely  by  cement-substance  to  the 
succeeding,  similarly  pointed  fiber.  Eaeh  muscular  spindle  is  completelv  en- 
closed in  a  nructureless.  transparent  sheath,  the  tanoUmma  (Fig.  1S4.  1.  &>, 

The  muscls-fiber  exhibits  at  intervals  of  from  >  to  3. A  u  a  ttansvtrtt  striation 
due  to  alternate  light  and  dark  layers  (i.Ql.  As  a  result  of  tbe  actioo  of  hydro- 
chloric acid  (i  :  1000)  or  of  the  gastric  jtiice,  or  after  freezing,  the  liber  not  rarely 
undergoes  a  solution  of  continmty  in  the  region  of  the  light  bands,  so  that  iC 
breaks  up  into  plates  or  ditti  (5)  resembling  an  overthrown  pile  of  coins,  the 
discs  always  corresponding  to  the  dark  parts  of  the  fiber.  In  addition  to  the 
transverse  striation,  a  Ums^tudinal  tiriaiion  may  be  observed  in  the  fiber.  This 
is  due  to  the  fnct  tlwt  the  muscle-fiber  it  made  uj>  of  numerous,  fine,  contractile 
threads  (from  i  to  t.7  «  in  diameter),  the  pnititw  fibritt  (Fig.  184,  1.  F).  lyino 
side  by  side.  Each  separate  fibril  is  striated  transversely,  and  all  are  bouna 
together  bv  a  small  amount  of  a  fluid,  finely  granular.  cemcnt-subsUrKC  (RoUel's 
tanopUuni) .  in  such  manner  that  the  transverse  striations  of  all  fibrils  are  situated 
at  tbe  same  level.  The  sarcopUsm  embeds  all  of  the  fibrils  unifonnly.  and  occurs 
also  in  a  thin  layer  between  the  sarcolcmma  and  the  muscle-substance;  it  contains 
minuU  inttrslitiat  s^anuUi  <fal  and  lecithin).  The  fibrils  ore  prismstically  flat- 
tened nnainst  one  another;  hence,  a  cross-section  of  a  fresh  frosen  muscle  exhibits 
a  dodien  coJisisling  of  polygonal  figures— C^i»A*iw'*  fittis  (s). 

Toe  study  of  an  isolated  fibril  under  high  magnification  shows  it  to  be  a 
eolumnar  structure,  mtiAt  wp  of  numeK>us  parts  superpcaed  in  layers.  These 
sections,  which  may  be  termed  muscular  guments.  exhibit  individnalhr  a  com- 
plicated structure.  '  Each  muscular  clement  (j)  is  a  prismatic  body,  from  >  lo 
».S  «  in  height,  with  jilane  lemiinal  iurfaccs,  The  entire  middle  la>-cr  is  occupied 
by  the  darker  and  more  highly  rcfraclivc,  true  contractile  substance,  the  tra»M- 
vtrst  diic  (Bowman's  sorcous  cfctnenis,  Kiihnc's  muscle -prinmii).  This  is  doubly 
refractive  (anisotropic)  and  gontain*  a  bright  law.  the  w#dia«  due  (4  c). 
which  can  be  rccogniwd  as  a  bright  fine  bisecting  tFie  dark  tjeld.  On  the  upper 
and  lower  surfaces  of  the  darker,  contractile  substance  is  a  layer  of  light,  singly 
refractive  (isotTopic)  suUtance  U  A)-  ^\1ie«  this  liahter  disc  cornea  in  contact 
with  that  of  the  adjacnt  #!»•*>*» t.  a  divvdina  band  can  be  recognised,  the  UrmtiMi 
Of  inUrmtdiatt  duel  »  w  «  ""'*  '"»• 
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In  the  muKClfx  of  anhrunods  there  lies  within  the  isotropic  Isyer,  at  a  short 
distance  bom  the  tcirainal  disc,  still  another  cairow  layer  of  doubly  rofractive 
substance,  the  acctnory  diic.  which  contains  chromatin.  Every  muscic-iUier  is 
closed  oS  toward  its  cxtKinity  by  a  layer  <il  sinjily  refractive  tmlistance.  When 
the  tube  of  the  microKopc  is  lowered,  the  doubly  refractive  discs  appear  dark, 
the  singlv  refractive,  light;  whfn  the  tube  is  raised,  the  conditions  are  reversed. 

The  fibrils  are  readilv  obtained  singly  from  the  muscles  of  inseeta;  in  mamma- 
liaa  miucles  they  may  be  ijiiilated  after  the  action  of  dilute  alcohol  or  Mttlier's 
fluid,  especially  at  the  torn  ends  of  the  ribrrs  (Fig.  1S4.  3). 


12 
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Flo,  1(4.— KiWilnEy  ol  MuKular  TImuc:  t,  Diisnmrajilii:  rriimciiliiUuii  i>l  Ih*  pHm  uf  •  MiliW  riiUKl»- 
ibn:  5,  •utobnumi  O,  tmtftnr  MruliaB;  >-'.  6briU.  further  on  nivlot  tite  ta  louiiudiBoI  ulriitinDi 
K.  Dudci  ol  Ihe  cnuscK-iiHf:  N,  ntninr  [icivr  Ictdlni  lutFic  Atm.  wiili  iht  iLxit-cytiaaa  l  mhic}!  laan 
««M  EaloCtw  cimSw  McI-^iW.  ucn  in  tvcble.  Tdf  taittr  It1<UI  upAn  ■  tiucitutd,  tMaflumc  liir"  '-  >. 
Pan  ol  ■  cwi  jKlioB  of  s  KiMWd  iiiu»<,lc  libel  wiib  Cutuiliau'i  udiii  (i  K,  a  mutdc-auclni*  ia  luauu 
villi  ifac  larodunait.  1.  luUicd  ^bnli  Imm  a  utiiMHl  muacle-Dlicr.  j,  I'ln  0)  a  fibril  (torn  ui  inuci't 
muck,  liislil]!  inunilini;  i.  Kriiuir-Ainid  lui*  Umiiinit  itie  mutiulu  rleniFDii;  b,  th«  -Ufk,  dmitili  rcfrac- 
t)T*  (olaUjKe:  <.  ttcnvii'i  linci  d.  ilu  itnulT  rdr*ctirc  lulMUiKie.  s,  Sinunl  muulc-ithcr  ImaLlMc  up 
iaio  (lite*.  6.  Sirjiinl  niuwlc-6b<«  Irom  IBe  heait  ol  tb*  Iftw.  ).  Slrjttuic  u(  4  lUuml  inwte-liber 
froDi  II  ihrrc- nionihi'  buirma  cnibirn.  s,  Rciltulucd  aiiucU-&bm  «■  itc  timn,  u,  CTuu-tNiiciii  of  [he 
hBit-nuielt.  (,  »pillulci:  b,  (cDiKnivr  \\aue  mrnudta.  10.  I'luinaiHl  muidf .nb<«.  11.  (.'nunuKl 
muclrntieri  in  croM  Nctlun.    i>.  5iii4t«l  nitud»«be»  wich  ibt  rdaicd  [codiin  S  (dctadiedy 


lonK  and 
laition 


In  ail  fibers  there  are  encountered  several  nuclei,  from  9  to  13. 
ErofB  3  to  4  ■•  wide,  directed  longitudinally,  which  boeame  more  evident  on  adc 
of  dUut«  acetic  acid.  They  are  surrounded  by  a  thin  layer  of  nrotopiiLsm  or  sar- 
ceiilaBm<i  and  a  K),  and  are  designated  wtusdtf-curpwrWss.  Each  nucleus  eontains 
oaa  or  two  nucleoli;  the  protoplasm  sends  to  adjacent  oorpuscles  distinct,  delicate 
piDOesMC.  at  times  containing  refractive  tfranules,  so  that  a  continuous  network  of 
cells  is  formed  beneath  the  sarco lemma. 

HisitoBeiieiically  the  musck- corpuscles  arc  the  remains  of  cells,  from  the  body 
of  which  toe  muscle- fibers  were  formed  (;);  the  striated  substance  is  the  diffcren- 
tiat«d  parietal  or  intracellular  substance  that  has  separated  from  the  corpuscle*. 
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The  liitter  probnbly  represent  tlie  n«tiural  tourcc  of  nutrition  for  the  musctc- 
fibers.  In  Amphibia,  hir^it,  lish.  And  iniicctfl,  the  mu^clc-cofpusoks  4iw Bitualed in 
the  axis  o(  the  tibtr  between  the  tibrils 

The  i<roiotilasm  u(  the  raitiM-'k-t-oqiuwtes  w  further  ewnnwtfd  with  the  pr<rt<v 
plasni  ihal  initHHihimt  the  i-iilm-  imiwW- liber  forms  tongitudinally  and  iran«-j 
versely  a  netu-ork  of  filjcrs  on  ilic  libiils — ^the  3nr«tplasin.  The  lran»ve«e  tiberaJ 
follow  ibe  c<iursf  til  Ht-ii.ien'»  and  ihf  KrauM-Amici  hnm;  the  lonKiLudiiial  fibrrtj 
p«»  in  the  inlcrMicea  bc-lween  Cnhnheiin'!!  rlt-Uls  Tht-  amount  of  sarcoplasm  if  ■ 
greiiCer  in  the  lower  than  in  the  hiKhcr  animals. 

The  fWuliLifi  of  (At-  «^ll.'l.7l■-^^lVi  U'  the  h-iul<.>ns  t'arica.  Accurdinr  to  Toldt.  the 
delicutc  eon II ertivt -tissue  vlementn  thnt  surrouml  the  indiNHdunl  miiKlc-fibervJ 
pnaK  over  the  extremity  M  the  latter  directly  into  the  elcmenU  of  the  tendon.' 
Apun  fr>m  thi?  Jt  may  happen  that  the  extrcmiticB  of  the  m use le- fibers  are  at- 
tached by  a  special  eemcnt •substance  to  the  plane  Mirface  or  in  shallow  deprexciofu 
iit  the  extremity  of  thf  independcnily  forracJ  tendon  (Kia  1S4.  la  S>.  In  nrlhro* 
pods  there  ix  dnnbtless  alio  a  direct  tfuiiMtion  of  the  tutrrnleinma  into  the  substance 
o(  the  tendon 

The  tendons  consist  of  parallel  bun<ik8  of  fibrillar  connective  tituue.  ccmtjunini^ 
cconeclive-ti.-unie  cuqjiiiicles  and    elastic   fitx-rs      They  arc  covered   by  a   looce' 
sheath  of  connective  tissue,  the  prritcndintum.  which  contains  the  blood-vessels, 
the  lymphaties,  and  the  ner\e8.     The  tendons  paw  through  Blieulhs.  whose  sltp- 

ptry  «\-novtal  fluid  ffl- 
vnrii  tSr  ghding  a»ove- 
ment.  hi  sonic  situa- 
tions the  extremities  of 
the  muM!le>lil>crs  are  at- 
tached directly  to  the 
fixed  point:  in  other sil* 
uaciuns.  such  as  the  face. ^ 
they  terminate  among  I 
the  lits\irelrm*nt»  of 
the  >jl;iii  or  ihi-  fascur. 

Motor  nerves.  —The , 
Irunlc  of  the  nerw.  as  1 
rule,  enters    the  muscle' 
at  its  geuinetrkal  center: 
hence,  the  pnint  of  en- 
trance  in  lonz  mttsclcs 
with  naratlel  hbem  or  in 
spindie-iihaped    muscle*  ■ 
ii  nttinted  near  tbc  miil- 1 
die.     If  the  muscle  with 
parallel    hben   is   more 
then  9  or  3  cm.  wide.  Kevcrnl  branches  enter  side  b)-  side  at  itit  middle.     In  tri- 
anfpilar  muscles  the  prtint  nf  eninince  of  the  nerve  in  disgilnced  toward  the  tendin- 
ous point  of  convergence  of  the  muscle-libers,  the  amount  of  displacement  varying 
with  the  deitree  of  convergence  and  the  couicquent  thickncvt  of  the  pointed  cjfr - 
irciniiy  nf  the  muscie       In  general,  the  eninince  nf  the  nerve-inink  into  a  mtucl«| 
may  be  suspected  to  take  place  iit  that  point  where  the  least  displacement  of  mue*] 
cular  tiuuc  occuia  (iurinic  the  conlractKni  of  the  muscle.  1 

The  motor  nerve  destined  [or  .1  certain  muscle  duv*  not  ocicinalty  contain  M' 
many  fibers  as  there  are  muscle-ribers;  in  the  cye-mu»cles  of  man  ahnut  M:\*en 
muBclp-tibers  correspond  ti-i  three  ncrve-tibers  in  the  tninlc;  in  other  muscle*,  in 
the  dog.  there  i&  one  nerve-liber  to  from  (orty  to  eighty-three  muscle -libers.  Hence. 
it  is  necessary,  in  the  ei>ur«e  of  th^'ir  numtieation  in  the  nniM'le.  fiir  the  separate 
nerve-fibers  to  subdivide  dichottimnusly, 

In  warm-blooded  animals  each  muicU'-spindU  has  onlv  one  point  of  innerva- 
titm.  while  the  liuijjer  npindlei  of  ciild-bioaded  animals  have  severs)  TIk 
mc<lidlaled  IiIkt  enters  the  musclc-tilvr  and  forma  at  Us  pinnt  of  entrance  a 
nodular  proniincncCi  the  ntrvc  cnJ-Mh  (Pif[.  (84.  :,  c).  In  this  transition  tlie 
ncurdemma  fused  directly  with  the  Barolemma,  the  medlilUr>'  substance  disap- 
pears, and  the  axi*-eylinder  l>ccoiTie«  transf<innei1  intii  a  fattened  ramiftcatiOB. 
the  rt^nv  .-jui-fltiU'.  iir  lUTve-'fluiriiaiiJU.  which  rests  upon  a  hnely  gnmulac 
ttcctjmulation  of  sarcoplasm  (Fig  tSj).  in  which  nuclei  are  iiresent'  AcconUl 
ing  to  Kuhne  thi-  connection  of  the  ticrvc  with  the  miuck-iilier  ts  establishMl] 
only  throuEh  ths  coalewcnce  of  the  end-plate  with   the  substratum  of 
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ptnm.  and  through  tboconnoction  of  the  Utttrrwith  tlie  mierstilial  rows  of  nuclei 
in  the  Marcciptasni.iir  wit  U  the  protnplaiim  sitmruiuliDK  thr  miDKlcnuclei,  and  further 
wilh  thf  imtrrsiui.il  miiem-sulisi.-uicv  of  the  filtrils, 

In  the  arthropods  (crawfish)  each  musclc-libcr  posscsaca  two  ncrv-c- termina- 
tions, ariitins  from  separate  axb-cylinilvnt.  Tht-rv  are  no  cnd-plaica  at  the  p"tnt 
of  fTilrancc;  but  ibo  nt-rvi— librils  arc  (Jistriliuted  (or  M  Rncal  dtttiinct^  belwivii  th« 
muscle- tibri]*,  nnd  th*  norve-«ii<linfpi  afipcnr  to  extend  ns  far  at  th«  terminal  or 
intermpdiat*-  discs.  Some  in\t.-*ligairtn:  havi?  ag^inwd  the  existence  of  a  simiUr 
arrangenivnl  m  higher  animals  also. 

The  muscle  it  supplied  altm  with  sensory  fibers,  which  Kut>M;rv«  the  muscular 
sense.  Their  cxidtnce  is  dcimtntinilird  phytiologically  by  the  fart  that  stunnU- 
tion  of  a  muscle  will  cause  rcllcx  variations  in  the  blood -press  urr  and  dilalatioa 
of  the  pupil.  alM>  aii  incn-asi-  in  ihc  rc^ipiralor)'  movements  and  muscular  reflexes; 
and.  further,  hy  the  fact  that  inilamed  iniiacleii  arc  painful. 

At  first  slender  luid  m^-duUnted,  these  fibers  hnslly  become  noa-mcdullated. 
U  appears  that  Ihi^v  art  disirilmttd  on  the  outer  surfttce  of  the  sarcolcmoia, 
as  inev  wind  around  the  musclc-hbcn  after  undtrRoing  dendritic  rami  ik  at  ions, 
AccomJinit  to  othersf.  the  sensory  nerveit.  after  branchinj^  dichnliitniwiKly ,  tt-mnnate 
only  in  Iho  overlying  cimntx'tive  tissues  or  in  the  apfuiewrous.  eilhcr'niirujiily  iir 
byiueant  of  a  small  swelling  brcracrdesignates  their  termination  as  unhclliferous: 
wrlrile  accttrdiiiK  to  Landaucr  they  pass  longitudinally  alon/  tlie  ntu»cle-tl^>ers. 
in  the  frog,  in  tnc  forcnof  fdainencs  pro- 
vided with  oval,  nuclear  formations.  Ac- 
cording to  still  other  obfeLTvcrs,  ihcy  ter- 
minate na  muscular  budt)  or  muscular 
spindles,  eras  free  i-ndinfts.  In  t  lit  hor*e 
t  nest  emo- maxilla  rynuiwlcn-erivt-s  sen- 
sory branches  from  a  separate  nerve. 

Red  and  Pale  HubcIm. — In  some 
Hsh.  such  as  thi-  \luri;r<in,  birds,  vuch 
as  the  turkey:  and  mammals,  such  as 
rabliiis,  two  kinds  of  striated  muscles 
can  be  dislinKuishetl ,  Hitnirly  mf  or 
ilark,  for  example  the  sdlius  and  acmi- 
tundinosus  ot  lite  rabbit,  and  Pule  or 
li(tht.  for  example  the  crural  of  the  rob- 
bit.  The  fibers  of  pali^  muscle  are  usu- 
ally wider,  and  poorer  in  protoplnsm 
than  those  of  red  muscle;  their  trans- 
verse utriaiion  u  closer,  ami  their  longi- 
tudinal strintion  less  prominent;  thrir 
librils  arc  placed  at  regular  inter\-als, 
their  muncle-nuclei.  lying  directly  in 
contact  with  the  sarcolcmma.  arc  less 
numerous  than  those  of  the  libers  of  red 
muscle,  within  which  they  are  situated  between  the  fibrils;  and  they  contain  leas 
glycojjen,  myosin,  and  water, 

Julius  Arnold  fimnd  in  man  white  fibers  extmrively  distributed  among  the 
red.  Evpn  in  the  same  muscle,  in  tact  in  almost  ewry  muscle,  in  the  frog  and 
111  mammals,  red  and  while  fibers  are  intermingled  (Fig.  iSOi,  Nevertheless  it 
should  lie  pointed  out  that  thiir  color  is  not  always  clearly  dillen-niiated.  The 
ptiysioloKic;il  differences  arc  ronsidcreH  im  p,  $6) 

llic  heart  of  the  frog,  as  well  as  that  of  m vertebrates,  contains  transition- 
forms  lietwceu  striated  and  unstriated  musclc-fibers  (Fig.  i84<  6)-  Tlie  ttpindlc- 
khaped.  moniinviclenr  cells  have  the  form  uf  unstriated  hbera,  but  Ihc  transverse 
striati'^n  f.l  vtituntnrv  mutele*. 

Development,  fi.^<■h  striRted  mtisele-fiber  develops  from  a  mononuclear, 
mesodermal  cell  without  a  wall,  which  becomes  elongated  in  the  form  of  a  spindle. 
As  it  proi[re».«ive-ly  uK-reasen  m  k-nxHi,  the  nucki  multiply  by  mtliiiK.  At  a  more 
advanced  stiwe  the  in-ripheral  or  parietal  stihslance  of  this  stnictnrc  is  tr«nsformed 
into  the  librillar.  striated  mais  of  the  fiber  {Fig.  1S4,  7).  while  the  nuclei  with  a 
scanty  covering  of  protoplasm  {musclc-corpusiics)  form  a  continuous  line  in  the 
axis  of  the  filier,  wjierc  they  remain  permanently  in  tconie  anim^di,  In  man  the 
nuclei  advance  later  toward  the  surface  of  the  fiber,  where  a  structureless  cuticle, 
the  sareolrnima,  separates.  Tlic  muscle-coi-pMscW  serve  in  a  certain  sen**  as 
trophic  centers  for  toe  stna ted  parietal  substance:  they  may  bring  about  degenera- 
33 
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Fio.  i84. — Cra»-K(iinii  ihtouith  the  Cwtrooneariiu 
Mu*(l«(if  i!i«  Fnni  itUri  l.>tul>iiei):  w.  the  pale 
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tion.  or  restitution  of  the  latter  inay  xriae  from  Uiem.  The  miucl«c  at  the  young 
have  fewer  fibers  than  those  of  The  ndult.  Hlthotiicti  the  former  *re  on  the  whole 
sniuller.  In  KTiiwinx  nmsclcs,  boih  in  the  ncw-bom  and  in  lalcr  life,  tbe 
number  of  Hbcrs  is  increased  by  the  icparaiion  from  a  filicr  of  a  band  uf  sorco- 
pta^ni.  logctiicr  M'ith  a  cuntinuou.i  rctw  of  muncle-corpusclcs.  This,  as  a  "mvo- 
blast,  "  devclojw  into  a  new  fiber  nccordine  t«  the  embryonjd  type.  The  new  hbcr 
olso  iwceivea  its  iier\-e- fiber,  which  develops  (roin  the  nxiclri  of  tlic  sheath  of 
Schwann.  Thi^  individual  fibers  inerc&M  in  thickne&«  by  an  inerease  in  the 
number  of  fibrilfi.  In  the  gruwth  of  the  musele  as  a  result  of  continuoiu  in- 
ercHM-d  exenion,  the  individual  fibcni  hecnme  thicker,  but 
not  more  numerous:  the  sarcoplasm  is  increased,  while  the 
fibrils  and  the  mictei  are  not  changed 

Degeneration.^An  nctive  rlejteneriitiim  of  fibciv  prob- 
ably t.-ikcA  plnce  in  the  muscles,  in  ac^'ordancc  with  their 
active  nictubolijni.  Aft  an  in t reduction  to  this  uroccss 
(nKid  ?)  mu>cuJtiT  Kub^tonee  accumulates  on  the  fit>cn  in 
the  form  n{  nfxlulc*  or  rings;  nt  Kueh  cituatioflK  the  liber 
disintegratrs  into  frngments.  termed  sarcolytes,  which  un- 
dergo aus^Tfpiion. 

Comparative:— In  addition  to  the  parts  o(  vertebrates 
analogous  to  liuman  muscular  tissui-<i.  striatrd  muEele> 
libera  arc  found  also  in  the  iris  and  the  choroid  of  birds. 


Fm.  iH;.— t.'DttfiBI<d  Miu- 
cls-dber*.  iioLilMl  by 
nmo*  of  Uilulcd  Aieo- 
hoi:  t.  (run  (he  isie*- 
iloc:  >.  Inim  tbc  taduJ 
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Flo.  iU.— Spcdil  FoHMCif  UoHrt- 
»«<  MuM^lv-MwM  hMBIbt  Hu>- 
cnUr  Com  of  Iha  Aorta  (afta  v. 
EiuHf):  I,  (nun  niMi',  ■,  fetira  tli* 
hog;  5,  (mm  th«  on.  (IIm  rv- 
(•annl  IhpiUm  btt  rvll-lridan 
lli>t  luv«  1i«m  torn  oH-) 


Fi».     t»o.— UuKtrKrib   bam 

rrot\  si«»«<h  «*h  HUM. 

brih  (iJifT  l\wt«lniii)»  i,] 
ticia  of  4  Cbn'  tr*si«d  >ith 
moniuin    Uthramtici 

K<1ioe  uf  (Tilh  Iku  k«ic 

trmifd  wTib  H  pw  ant-  wttmn 
(hloriil  nlutidn. 


ATthropo<U  have  only  striated  mnsele.fibcrs,  while  molluscs,  worms,  and  echiiw» 
denn«  nave  chiefly  iinstriated  fibers.  The  latter  jioesess  also  special,  energetically 
contracting  ti!>ers'with  double  obhque  titnation.  formed  of  crosKd.  oblique  lini-t 
la  ccpbalopods  the  nmscle-fibers  exhibit  Kpiral  line*  at  the  periphery.  Antang 
vertCDratcs  tish  have  the  thickest  muscleWibcrs,  tbcn  follow  with  decreasing  width, 
toads,  lixardx.  manim;ils.  iind  birds. 

The  unstriated,  inroluatary  muscle-flbara,  or  contractile  fiber-cclla,  can  l>c 
isolated  by  niL.ins  of  a  tj  per  cent,  dilution  of  potas«ium  hydruud.  They  are 
unencapstiiated,  umccUuTar.  hpindlc-sbftped,  lUttcncd  libers,  in  socnc  i>lacr<  pr*- 
seaiing  an  appvaruticc  of  lotiK>tu<]inul  librillar  strijition,  from  45  to  330  fi  lixig. 
and  from  4  to  10  "  wide.  They  arc  occAsionAJly  forked  at  one  or  Goth  extremititi, 
and  contain  nt  the  middle  a  solid,  rod-shnped  nucleus,  which  may  be  shaiply 
brought  mtt  by  the  addition  of  dilute  acetic  acid.  The  nucleus  Is  surrounded  by 
■  amall  amotint  u(  prutoi>lasm.  and  eiiclotes  ooe  or  two  bright  nucleoli  wiiliin  a 
rich  network  (Pig.  184.  10  and  it).  The  libers  either  He  singly,  or  are  ioiacd 
together  in  continuous  layers  or  reticular  columns,  being  arnuigcd  longituainally 
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thnr  tapering  rxtrvmitics  in  eontaet  with  ona  anotber.  The  tibirrs  an  not 
Iteid  together  by  »  viiicid  interstitial  cement-subxtaace,  as  was  formerly  supposed, 
but  ihey  are  univcr.ijilly  connected  by  so-called  eel  I  •bridges,  The  conduction  of 
stimuli  throuKli  unsiriatrd  muscles  is  nt  Che  SQmc  Time  thus  explained. 

Whefi;  libnU  are  visible  in  the  tibcr-ccll  (Fig.  iSol.  tlicy  lie  embedded  in  a 
rather  hamu^iMiuatis,  ^ranulnr  Bub»t»ncc,  the  Biircoplawn .  Acconline  to  Engel- 
mann,  the  dMintcgrattoQ  of  the  subttancc  of  iinstriatcd  muscle  into  the  separate 
spindle-shaped  cl«mcRt8  is  ft  poatmortcm  chanec  in  the  tiHuc.  'I'bc  trarsvurs-.-, 
tbickened  areas  occasionally  observed  are  not  due  to  transverse  slriation,  but  to 
Mrtial  contraction  or  fold-formation  (I''iR-  'M-  '<>)-  Unstriated  muMle- libers  aln*^ 
have  t43)dinotis  insertions  at  times,  The  blood -capillaries  nasB  in  longitudinal 
meshes  between  the  libers,  as  do  also  the  numermis  lymph -CBpillaries  that  surround 
the  cells. 

The  motor  nerrcs,  according  to  J.  Arnold,  fonn  a  plexus  of  medtillalcd  and 
non -medulla ted  bbcrs.  partially  supplied  «-ith  gnnglion>ccUs, and  situated  in  the  con- 
nective-tissue of  the  c-nvdop  summndtnn  ttie  iinstriatcd  muscle-fibcra — the  grimiid 
^tXMs.  pTOm  this  nri^cs  u  lecoiid  iioii-irmluil^Led  plexus,  with  nuclei  at  the  nodal 
points — the  inttritiejiate  plexm.  This  m  situated  cither  ininiediately  upon  the 
musculature  or  in  the  connective  tissue  between  tin-  individual  bundles.  The 
delicate  fibrils  (from  o.s  to  0.3  ^J  given  off  by  this  plexus  unite  to  form  still  an- 


B,  tQa-~Sin«oni  Sern  is  ■  Tuiloa. 


One  blwT  (tnnlnus  in  a  ruinbn  coipUKle  (F).  ibe  otbir  In  «  WuImi- 
>l<in<il<  u(  Cii'^  (C). 


other  network,  the  inlermuscutar  pUrxus,  and  oass  to  each  fiber,  running  alonv  its 
border  and  terminating  in  a  pcar'Sbaped  tiiickenini;.  Accordin]f  to  Frnnken- 
liiuscr  the  libriU  tcrmirntc  in  the  nucU-olus;  accnnlinn  in  Luatig,  in  the  vicinity 
of  the  nuclcusi  according  to  J.  Arnold  they  ttavcnc  both  fiber  and  nucleus  and 
re-enter  the  plexus  P.  Schults  describe^  aleo  sensory  nerves,  connected  i^-iili 
ganglion  eelU  and  provided  with  terminal  nodules. 

In  tcnd'mK  the  sensory  nerve*,  aftt-r  subdividing  rejiealedly.  become  non- 
medtillatcd  tibcrs  (Kig.  190.  a),  which  at  the  junction  of  muscle  and  tendon  twine 
around  or  spread  out  over  the  bundles  This  situation  is  covered  with  endothe- 
lium, The  n</n-medullatcd  lil>ers  tentitnaie  hnally  in  a  tuft  of  delJL-ate  ramilica- 
tions.  dcsticnuted  Gdlgi's  Undint-jpinJU.  Terminations  in  the  form  of  Pacinian 
corpuscles  [Pt  or  end  bulbs  arc  also  found  in  the  tendons. 


PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  MUSCULAR  TISSUE. 

The  conRistency  of  muscular  ti.wiie  is  .^imil.ir  to  that  of  living  proto- 
plasm; it  is  sciiii-^oli.l,  that  is.  not  Huid  to  such  a  degree  as  to  be  diffluent, 
nor  is  sosnlid  thai  confluence  of  separated  parts  would  not  be  possible. 
The  consistency,  therefore,  may  be  compared  to  that  of  a  jelly  at  Ihc 
moment  of  liquefaction. 


54$     rnvsicjLL  and  chkmkal  raorBBiiEs  or  muscular  tissue. 

Tbr  Tirw  rxpmaHl  a  npportcd  by  tbe  faOiMnDg  Ekcu:  (t)  Tbe  ss*locj  b^, 
tvdca  the  btnctwa  vi  the  nrasck-snbstance  aad  tfaat  of  Ux  coomcsile  ; 
o<  oolls,  tfae  UtWT  sorely  pc»nrwin  this  senu-aolid  proytrty.  as  iiant 
frvm  tbe  movanent  <rf  the  protof>tesiiu    (*)  Tbe  ofaeesvauon  of  the  conns  ot 
cuotzsctile  wavviiKn-«Dcat  tbnra^  the  kaeth  of  the  cnuscIe-fibGr.     la  the  sa 
CftMgofy  baloegs  tbr  wavr-Uke  atrovemmal  Srvt  observed  by  W.  KaHme.  whta 
MRMig.  eosstaat  euncnt  it  paned  thmig^  tb«  miuade-     Tb«  jihenamenoo  <  ~ 

Tm  the  oeeufrenc*  of  sicnr  cuatnKtkna-wxvcs  within  tbe  UwR  in  Iha   ' 
ths  (aJvanc  canvot.  which  Biv  increased  by  heU.  and  dinfpiar  ^ 
OMade  ts  tiffatly  stretched,  at  mhai  as  exooBitJea  afe  totrSMf  poked  _ 
b>  Coder  the  cDcrodoope.  the  profiesswn  of  a  pantfac  roend-wqua  (M^ 
WtiMiiaiinil  has  Imna  otomred  to  take  place  by  iDCaiis  o<  the  anpcoune 
BkeaU  throqfa  the  cootnctile  subfiCaacc  the  sepnTated. scai-sofid  laaacs  bccan>- 
iag  ^^in  coaftsttit  bchiad  it. 

Bafcacbaa  of  Li|Jkt.— The  ontjactife  sobataoce  icIcBcts  the  l>|ht  do«M3rj 
(aaMtromc),  while  the  (njuod-mhctaace  is  onghr  rtiractiva  OsQUVpk). 
eoBtsactae  sBbstanca  briiavK  lika  a.  doobtjr  remetive.  paalti¥Biy  ^wjarisl  1 
vtaoae  opcieal  axis  cocrapaads  with  the  kng^ta^aal  axis  «i  the  ncr.     Onder  i 
P<i<artMtfa»-inicweope.  with  the  Nieel's  pctans  ti  i  air.  i1  asd  the  tbo'  so 
that  the  ImtiradmHi  axis  taienms  the  lilimasi  |ilsiiii  of  the  fOoot^ 
at  an  aagie  oC  4!*.  the  doubly  tcfracuvr  sabstaacc  can  be  rtcogaiard  by  its  i 
peanng  bei^t  in  a  daric  field  ol  vmai.  while  ta  a  cofaced  field  (pwrpte-ced  * 
tha  istetpootton  t>i  a  mka  plate)  it  appean  td  aooUicr  color  (faiae.  yd 
to  jcUow).     AUhott^  the  do^tly  R^ractiTe  nattiactile  mbstaiBce 
aMM|a  IS  fix  18  dtinng  cOBtnctioo.  its  doubli  lefractioo  BMttda 
■wHa^d.     Catherine  Sehipim.  A.  Daoilewatey.  and  O^Xaaa  befiew 

ei  toyhnaM  an  cnKactilr  dcneats  posaeaa  the  prapert*  <rf  daobl 
and  Iha  Anctkai  of  sbancacnf  atwaj**  oarmpoads  with  that  of  tha  opcicsl 
Wih  ntpett  to  the  actnal  caiae  of  the  anisoinpy.  the  eoaqmheiMrfe  itn 
tioas  of  v.  Bfaaer  bare  Jewwitrated  that  as  a  rarah  of  the  preee^aa  a< 
in  the  tmwr.  teiwinm  an  pndaord  (Bar  vsnopke,  the  Icn 
aobject  to  nnlMatMBr  ifaAt  |iTe  sise  to  dmow  reteacboit. 

O<soi|[  sflatsiBed  ooBtsadtoo  tn  '*t'"  **^*"** ^ '■  !*.*>***  ■  the  eeliiscTi^y  j 

c<  the  Bwedt-aahstanee  is  iacnosad  as  »  wmh  of  to»  of  wstec  imtn  the 
and  the  ecaisemMnt  incrcaacd  eoaecDtntioo  of  the  dtssolwd  pons  of  the  a 

Tbe  ibwhal  compositiga  oC  nmsde  wadeifoa  mwi  and  , 
tikaagissfitrdioth      A$.  however,  tbe  moMte  of  tte  mtg.  when  thtti 
after  bttBog,  ac>i&  become  capable  of  cootracttag.  tbcT  an. 
not  aheied  chemBcany  by  the  freethig.     TC".  Kdhne  cooled  to  to'C 
nwrles  teajtered  hkndles*  by  means  cd  a  i  per  cent, 
solntkai,  tzitvrated  tbem  in  an  kc-goU  ttxkftar,  and  expnsiMt  tbe 
(wUchlbaws  at  — j^)  ihrongfaUnea.     TbeSindtbasexpnBsadr 
ta  tbe  cold  aad  appean  as  a  sligbthr  opalescent  jtnn  of  a  a 
gBDeraDT    allca&ne    reactioo    and   hgbt  ycBovifih  tist.  and 

In   Bontmoa    with  btoat-pLasaa  it   coafolac^ 
The  nhiMh  iiliiiiii  becocnee  as  fint  atufanriy 
Later,  tvbad.  Qpaqoe.  dnofafy  lefaactiTe  flabes  aod 
tnetsoB  ia  tbe  jdif,  and  Vk»  tbe  fibvin  ol  tbe 
eipnv  a  nicc^  vueirsMnaH.  wbscb  baa  aa  acid  raactam. 
tba  coagwatioo  of  onacfe-plasma;  abow  o*  it  tabes  ^lacc  bat  sfavm 
tbea  niore  lajiadlf  witb  mcx^asnif  taawnBtwa.ftBallT  w«b  fnat  ta{  *  " 
at  4(3^  a  far  tbe  aasdea  o<  cold  Moodad  aainafc.  or  at  35*  C.  tor 
at  mm-bloo^d  annnab.    The addttaan ef  vatcr  «r  oCa Bttle 
tha   miBcie.plKraa   eaoan  iimeiilialii  **»V^'^^-^  , 
pmseid.  thraiest  abeodaat  ta  tbe  niBKSea.M  dert^vd  &eai  tba 
pefcactiTB  aabOMua,  and  ia  desJCBaled  as^taaa.     ll*  '*' 
it  C«H«^ JSOw  ^^    . 
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cxuacud  from  mtisck-juicc  by  means  of  a  <  to  lo  per  cent,  eolutloa  of  ammon- 
iuni  chlorid.  Myosin  Ix-longs  to  tbv  j^lobulms;  Htillil/urtvn  bus  prejiarvd  it  abo 
from  th«  muscWn  of  warm-blnoJed  uniiitAi^.  It  is  ]>r(-cipit.itcd  front  its  iiotutioiK 
by  saturation  with  jawliiim  chlorid  or  magnMiMm  sulphxtc.  When  disMtlvcd 
in  a  IB  per  cent,  solutton  of  sodium  chlond,  it  is  ^oa^^ated  by  h«at.  It  is 
dissolved  by  a  per  c«ii.  liydrot-hlorie  acvi.  with  Uie  form.-itKm  til  acid>albumin 
(svntonin).  and  liy  «llcnh>ft  or  ^ilWaline  cariional«.  with  thr  fnrmaliim  of  alkali- 
albuminate.  Like  tibrin.  myosiii  actively  decomposes  hydrogen  dioxid.  A. 
OaiiilcwHky  has  Kueccedcd  in  reconvening  syntonin  in  part  into  myosin.  Myosin 
lAnot  pre.tent  iii  umslriated  muscks, 

Muscle-eerum  contains  further  small  amounts  of  myoalimmiit  (C,i,- 
H,„Ni„30„).  whichiscoagulableat  73**  C,  but  is  not  precipitated  by  sat- 
uration of  the  serum  with  magnesium  sulphate;  &l$o  mycsiobulin,  which  is 
precipitated  by  this  last  procedure,  and  is  coagulablc  at  63°  C. ;  and  a 
little  nucleoaihttmin . 

Hallibiirtoii  dictinguishcs  the  following  proteids  in  muscle:  (i>  ParamyosinK- 
gen,  or  inuBculin,  a  globuUn-like  body,  forming  10  per  cent,  of  the  total  proteids. 
and  coagulating:  >t  4?"  '^-  (3^  Afyotiitogftt,  forming  77  v^i*  cent  of  the  total 
PT«tvi<l».  coaKulatins  at  55*.  Both  of  theae  Iwdies  are  congulabk  sponUincously. 
forming  myosin,  (t)  Ac«:ordinK  to  v.  FilTlh  myoainogen  gives  rise  to  myogea- 
fibriii,  which  is  soluble,  is  coa^ulubk'  at  55".  and.  like  paramyosinogen,  is  readily 
Ironsformt-d  into  a  librin-like  mt>dilkatiwn  that  la  di.-wob'cd  wth  dillicuUy.  Cer- 
tain salts  or  orgniiic  substJoct-s  (c.illcin,  vi^ratrin)  accL-krAtc  this  ptoci-**,  whilt- 
it  is  inhibited  byblood-scnim. and  also  byegg-albumin,  {4}  M)K>aihufHui.vrbichis 
sioular  to  serum -album  in.  The  coloring-maiter  of  muscw  {oiyok^naitn)  appears 
to  tie  different  from  hemoglobin.  Th<!  abROi^jtion-bandi:  arc  situnted  siimenhat 
nearer  to  the  rcdeiiilof  thcspeftriim.  According  to  Ltvy.  rayohomaiin  ii$  identical 
with  hcmochromogcn.  There  is  an  oxidixcd  ana  a  reduced  niyohemaiin  [by  am- 
mijuiiitn  xulphid).  The  muscle -imclci  yield  jtuine  mielcin.  The  sart-olemraa  con- 
tains a  substance  rcsembline  keratin.  Scwral  ferments  arc  present  in  traces: 
pepsin,  diastatir,  laetic-acid  If),  ijilyeolytic.  and  coagulating  (A brin-) ferments. 
Proteic  acid  i*  a  pruteid  substance  m  the  flesh  of  fish. 

The  other  chemical  constituents  of  muscle  liavc  already  been  mentioned  in 
the  eonsideralion  of  meat  (p.  ♦i.?)  It  will  sulfice  to  add  a  link'  more  here,  (i) 
In  addition  to  volatile  fatty  acids  (formic,  acetic,  and  hut>Tic  acidst.  two  isomeric 
lactic  and*  sre  fmmd  in  miiscle  having  an  acid  reaction:  (lil  Ethylidenc-lactic  acid 
in  the  modification  of  dextrorotatory-  poralactio  or  B&rcolaetic  acid  (6)  Ethylene- 
lactic  acid  in  small  amount,  which  Maly  also  observL-d  Uevelim  as  an  (icc;i.-ional 
fcrmentalion-pnitliict  of  carbohydrates  (glycogen,  etc.).  The  furmaiion  of  lactic 
acid  during  the  rigidity  of  death  is  discussed  on  p.  55}.  Acid  potassium  phosphate 
also  contnbuLcs  to  the  acid  reaction.  (1)  Glycogen  is  found  to  the  amount  of 
I  per  cent,  after  un  abundant  meat-diet,  mid  of  0.5  pc^r  cent,  dunng  fasting. 
During  digestion  it  is  stored  up  in  the  muscles,  as  well  a»  in  the  liver,  but  it  dis- 
appears in  the  state  of  hunger.  It  is  formed  in  the  muscles  themselves,  probably 
from  albuminates.  (3)  Dextrose,  o.oa  per  cent.  (4'  Of  gases,  there  are  present 
carbon  diiixiO  (from  15  10  tS  vul.  rier  rent.,  partly  nbcorbud.  partly  in  chemical 
combination,  the  latter  probably  being  formed  as  a  Tpsult  of  decomposition), 
some  absorbed  niirogen.  but  no  oxygen,  although  muscle  continually  absorbs 
oicyt^en  from  the  litixid.  Tim  inuscIeH  contain  a  substance  that  yields  carbon 
dioxid  nn  decnmpnsit ion :  exercise  consumes  this  substance,  so  that  muscles  that 
are  greatly  fatigued  ate  capable  of  generating  less  carbon  dioxid. 


METABOLISM  lit   MUSCLE.     THE  SOURCE  OF  MUSCULAR 

ENERGY. 

The  resting  muscle  rontiminusly  abstracts  oxygen  (rom,  and  rrtums 
carbon  dioxid  to,  ihe  oaytUary  blood  passinR  thrnuj;h  it.  Nevertheless, 
the  muscic  excretes  less  carbon  dioxid  than  corresponds  to  the  amount 
of  oxygen  it  absorbs.  Excised  muscles  deprived  of  blood  exhibit  an 
analogous  but  diminished  interchange  of  gases.     Further,  as  such  muscles 
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retain  their  irritability  longer  in  oxygen  or  in  air  than  in  indifferent 
^ases  free  from  oxygen,  it  is  to  be  assumed  that  this  gaseous  interchange 
is  a  vital  plieiiomenon  connected  with  normal  metabolism,  and  to  which 
the  functional  activity  of  the  muscle  is  due. 

The  excised,  »stin|;,  tturvivinj;  muscle  gives  ofi  carbon  dioxjd,  vrliich  in  part 
hAS  bem  pr«Knt  in  the  muscle  preformed,  and  in  part  in  Bubvequciitly  generated 
h>-  procMscs  of  decomposition  ttutt  accompanv  the  development  of  rigidity.  A 
smaJI  part  of  this  carbon  dioxid  anu«  only  when  oxygen  is  supf^licd.  Bacterial 
putrefacUoiiu/  [ht-muscliiscHuiics  marked  cxcr^-l  inn  uf  carbon  dioxid 

In  active  muscle  the  blood-vessels  are  always  dilated,  and  the  amount 
of  blood  passing  through  them  is  increased  three  or  four  times,  a  cir- 
cumstance that  obviously  indicates  increased  metabolic  activity.  Ac- 
cordingly, active  is  distinguished  from  passive  muscle  by  a  series  of 
chemical  changes: 

I.  The  contents  of  living  passive  muscle  have  an  alkaline,  or.  more 
correctly,  a  neutral  reaction,  changing  red  litmtis  to  blue,  but  acid  to 
turmeric  paper.  The  reaction  becomes  acid  in  active  muscle  (not  of 
the  unstriated  variety),  and,  indeed,  the  degree  of  acidity  increases,  to 
a  certain  limit,  in  proportion  to  the  amount  of  work  peHomied.  The 
acidity  i.s  clue  to  phosphoric  acid  resulting  from  the  decomposition  of 
lecithin  and  nuclein. 

The  earlier  view,  ths.t  the  Acidity  is  due  to  the  dcvelcfiiniml  of  Isctie  «cJd'! 
produced  from  ctycogm,  has  not  been  Bubsiatitiiitivl.  FDuger  and  Warren,  and 
also  Astaschewsky  and  Heffter.  even  found  the  quantity  of  lactic  acid  in  ncttve 
niu.icleit  diminiKhcd.  as  compared  uith  passive  niusclca.  Other  inveiti|^tors.  tK>w- 
ever,  still  adhtrc  to  the  theory  of  lacticacid  formatiofi.  especially  if  there  is  a 
deficiency  of  oxygen  during  the  work, 

a.  The  active  muscle  excretes  considerably  more  carbon  dioxid  than 
the  resting  muscle:  (a)  Active  muscular  exertion  in  man  or  animals 
increases  considerably  the  excretion  of  carbon  dioxid  from  the  body. 
(b)  Venous  blood  flowing  from  the  tetaiiized  muscles  of  an  extremity 
contains  an  increased  quantity  of  carbon  dioxid;  and.  indeed,  under 
these  conditions  more  carbon  dioxid  is  excreted  than  corresponds  to  the 
amount  of  oxygen  simullanenusly  alworbed.  (c)  Also,  excised,  con- 
tracted muscles  excrete  an  increased  amount  of  carbon  dioxid. 

3.  Active  muscle  consumes  a  greater  amount  of  oxygen:  (a)  During 
work  the  entire  bodv  takes  up  much  more  oxygen,  even  four  or  5v« 
times  as  much,  (b)' Venous  blood  flowing  from  the  active  muscles  of 
an  extremity  contains  s  diminished  amount  of  oxy^n.  Xcvcrtheless, 
the  increase  in  the  consumption  of  oxygen  by  an  active  muscle  is  not  so 
great  as  the  increase  in  the  excretion  of  carbon  dioxid.  The  increase  in 
the  interchange  of  gases  continues  in  the  period  of  rest  immediately 
following  the  activitv. 

The  consumption'  of  oxygen  can  also  be  demonstrated  volumetrically 
in  excised  muscles  deprived  of  blood.  It  is  true,  oxygen  is  not  absolutely 
necessary  for  muscular  activity  of  short  duration,  as  the  excised  muscle 
is  capable  of  contracting  for  some  time  in  a  vacuum  or  in  a  gaseous  mixture 
free  from  oxygen,  and  no  free  oxvgcn  can  be  obtained  from  its  tissue. 
The  muscle  must,  therefore,  contain  a  supply  of  oxygen  in  chemical 
combination,  which  is  consumed  during  activity.  Frog*  muscles  ab- 
stract the  oxvcen  from  easily  reducible  subsUn«»i  tBus.  tney  m.iy  de- 
colorise a  solution  of  indigo.  Muscles  tliat  have  rested  act  less  energet- 
ically than  those  that  have  been  active. 
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4-  An  active  muscle  contains  less  extractives  soluble  in  water,  but. 
on  the  other  hand,  more  of  those  soluble  in  alcohol.  It  ateo  contains  less 
of  the  substances  that  form  carbon  dioxid,  less  fatty  acids,  krcatin,  krea- 
tinin,  and  sarcophosphoric  acid. 

5.  During  contraction  the  amount  of  water  in  muscular  tissue  is  in- 
creased, while  that  in  the  bloot]  is  correspondingly  diminished.  The 
solid  matters  of  the  blood  are  increased,  while  those  of  the  lymph  (al- 
bumin) are  diminished. 

6.  The  question  as  to  the  extent  to  which  ihe  proleids  of  muscular 
substance  generate  the  kinetic  energy  of  muscular  activity,  by  ihe  trans- 
formation of  tlieir  chemical  potential  «nerg\'.  has  been  answered  by 
Pfluger  with  the  statement  that  albumin,  if  given  in  sutlidetitly  large 
amounts,  may  be  the  exclusive  source  of  muscular  force. 

This  iitbutain  represents  a  spvciul  variety,  and  U  thought  to  be  formed  syn- 
thetically from  ordinary  living  slbtimin  by  the  abeorption  of  alcobol-r&dicols, 
which  may  bo  witb<lr*wn  either  from  Another  proltid.  or  from  fat  and  9ug«r 
if  there  i.i  a  doticiency  of  proteids.  The  living  albumin  ii:  transfomied  into  ■ 
reiuiily  (iecomportabk.  living  pron-irt.  which  cnniains  a  gn^atcr  amount  of  carbon, 
and  rvpresonts  ihe  immcdinle  source  of  muscular  energy. 

](  a.  lean  dog.  fed  only  with  lean  meat  and  in  a  state  of  metabolic  equilibiium 
ilnrinj;  muscular  rest,  is  siibjpclpcl  to  a  pcricxl  of  several  days'  work,  it  muitt  receive 
a  definite  cxccM  of  lean  meat  in  order  to  maintain  its  bomly  weight.  During  the 
period  of  activity,  the  animal,  therefore,  decomposer  more  protcid.  in  accorc^cc 
with  the  extent  of  the  ucliviiy,  and  the  metabolic  cfiuiltbrium  is  thuK  mnintatned. 
Undoubtedly  the  vork  performed  is  accompli slicd  at  tbc  expense  of  on  increased 
oneumpiion  of  protcidi,  If  the  dog  does  not  rvccivo  an  increa»cd  quantity  of 
proteida  on  bciriniung  to  work,  il  lose*  in  bodily  weight. 

Even  tho)i};h  EulHcient  quantitiet  of  fat  and  cATboh  yd  rates,  in  addition  to  the 
pTOleid,  be  administered  lo  the  active  dog.  there  will  still  be  an  increased  con- 
sumption of  proteiiU  diinn}{  work. 

As  on  aaminis'tntlion  of  a  siiHicient  amount  of  proteid  the  rmiscular  work  is 
performed  with  the  aid  of  this  alone,  and  as  in  tbc  decomposition  of  this  proteid 
neither  fat  nor  carboliydrate  results,  the  fat  and  carbohydrate  cannot  be  tde  irae 
source  oE  muscular  force  (Pflu^eO- 

Tbc  carbon  dioxid  resulting  from  the  decomposition  of  proteid  leaves  the 
Iwidy  quickly  llirough  the  pidraonary  respiration;  while  the  nitrogcn<>us  products 
of  decomposition  are  excreted  slowly,  even  for  as  long  aa  two  days  after  the  com- 
pletion of  the  work. 

One  and  the  same  readily  decomposable  protcid  is  thus  oxidized 
slowly  and  continuotisly  in  the  muscular  tissue,  with  ihe  generation  of 
heat,  while  under  the  influence  of  innervation  it  is  consumed  rapidly  and 
in  larger  amount,  and  is  then  the  source  not  only  of  beat,  but  also  of 
kinetic  energy. 

MiiKCT  cstimati'd  that  in  his  experimental  dog  one  ^am  of  nitroRtn  in  the 

groteid,  decomposed  wiihin  the  body,  produced  7456  Wilogrammctcrs  of  work. 
'f  the  total  supply  of  cncrgv  coniainca  in  the  protcid  (mcaaured  by  means  of 
tbv  catonmetcr  in  caluries).  tfic  lioi^  converted  48.7  per  cent,  into  kinetic  eneruy, 
the  remainder  beinj;  trnnsfcrmcd  mlo  heat.  Thiit  ^S.;  per  cent,  represents  tne 
tmxitanical  equivaUHl  of  the  proteid, 

At  an  earher  period  Fick  and  WisHccnue,  ae  well  as  v.  Voir  and  v.  Peitenkofer, 
had  reached  the  conclusiioti  as  n  result  of  their  e.xpehment*  thai  the  daily 
excretion  of  nitrngt'ii  is  noi.  incnr'iintcl  to  any  cifliKuleriible  i-xlunt  by  forced  worlc. 
whereas  the  consumption  of  oxygen  and  llie  excretion  of  carbon  dioxid  are 
increased,  provided  that  the  body  has  at  its  disposal  sutlicicni  material  containinx 
caHmmi,  such  iu(  i;lyco};t'n  and  fat,  in  tt.i  tis-sutn  nr  in  the  fixid.  Hfiioe,  the  pnitcld 
caanot  be  the  source  of  muscular  energy.  IncreaM-d  elimination  of  nitmjl^en 
takes  place  only  when  tbc  activity  gives  rise  to  dyspnea,  for  dclicicncy  in  oxygen 
cauMS  decomposition  of  albuminates. 

Also  the  tnefeas«'<l  excretion  of  sulphuric  acid  resultinK  from  work  is  indicative  ol 
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a  moTv  activ9  decomposition  of  albuminates.     Tbc  excivtion  oi  sulphuris  ic 
by  muscular  exertion,  aiid  intleeil  the  Rim-cixittized  sulphur  is  la  lim  ( 
more  niiiiilly  ilian  lh«-  «»ii<li»t^cl.     The  cxcrpiioii  of  phosphoric  add  alto  it  in- 
creased 

7.  In  the  muscles  of  animals  tlie  amount  of  glycogen  (0.4J  per  cent.) 
has  been  obs*n*e<i  to  diminish  as  a  result  of  activity,  and  even  to  dii 
anjxrar  completely  in  consequence  of  strvxhnin-convulsions.  The  sara( 
observation  has  been  made  with  respect  to  the  glycogen  of  the  liver. 
Luchsinger  maintains  that  muscles  can  still  contract  when  completely 
free  from  glycogen:  so  that  the  latter  cannot  1«  the  source  of  muscular 
energ)'.  Alwi.  the  sugar  of  the  blood  undergoes  a  decrease  in  the  muscles 
OS  a  result  of  activity. 

There  is  «  <lifTcrrtK:c  of  opinion  as  to  whether  the  muscle -glycogen  is  earned 
by  thp  circulation  (roin  tlw  Uv«r  into  the  muscles.  t>r  wlnthi-r  it  is  pr"duced  in 
the  muscular  tisitue  itself  as  the  result   of   an  as  yet  unknown  docom position  of 
the  albuminates.      Kul»  observed  an  increase  in  ihe  amount  of  giycouen  in  the 
muncli^  of  fn'ifK  thai  haij  Iwfn  deprived  of  their  livers  after  Kulx-iitani-oun  mjectitm* 
of  sugar.      Litcf'^'isc.  Ihe  musclfs  retained  their  glycogen  tor  a  niucti  longer  linu' 
than  the  liver  duriUK  llie  state  ul  hunsK-r.     The*e'fat-t«  indieate  the  furtnaiioa  at. 
][lycoiten  in  the  mnwuUr  jn^ilnnancr  itself.      In  any  event,  the  n«rrwl  rirrulatitn 
uarcnui&ileforihr  priiduction  of  glycogen  in  muscle,  for  ibis  diminishes  after  Ii|^i 
tun  (H  all  uf  the  \-etfseU.     Surviving  muscle  converts  iflyeuicvn  inlosufar. 

Some  invest  Igators,  however,  assume  also  that  not  only  proteid 
but,  in  part,  also  fat  and  carbohydrate  may  he  tlie  source  of  muscular 
energy'  m  the  hody. 


MUSCULAR  RIGIDITY  (CADAVERIC  RIGIDITY,  RIGOR  MORTIS). 

Excised  muscles,  striated  as  well  as  unstriated.  and  also  the  muscles 
of  the  intact  body  some  time  after  death,  pass  into  a  state  of  rigidity* 
described  more  fully  later  on,  that  is  designated  mHsiular  rtgor.  If 
the  muscles  of  the  dead  body  l>ecomc  involved,  the  entire  cadaver  be- 
comes completely  stiff  (cadaveric  rigidity).  The  cause  of  this  phenome- 
non resides  in  a  spontaneous  coagulation  of  the  myosin  within  the  muscle- 
fibers,  with  the  development  of  a  small  amount  of  acid.  During  this 
Srocess  of  coagulation,  heat  is  liberat&l  owing  to  the  transition  of  tlie 
uid  myosin  into  the  solid  condition,  and,  also,  owing  to  the  thickening 
of  the  tissue  that  tatces  place  at  the  same  time. 

Myntin,  dissolved  in  11  5  per  cent,  solution  of  maene^ium  sulphate  diluted  with 
water,  scpaiBIes  after  a  time  in  the  (omi  of  solid  Bakes,  with  the  dewloj/tncnt 
of  an  ncia  reaction,      Wiinning  h.>stci)s  this  pn>ci.-w. 

The  rigid  muscle  exhibits  ibe  following  properties:  It  is  shortened. 
thickenetl.  and  somewhat  denser:  stiff,  linn  and  solid: turbid  and  "paqt 
in  consequence  of  the  coagulation  of  the  myosin;  incompleicly  elastic _ 
less  extensible,  and  less  readily  torn.  It  is  completely  unresponsive  to 
stimuli,  and  its  electrical  potential  lia.";  disappeared.  Tlw  amount  of 
glycogen  present  is  diminished.  Striated  muscle  has  an  acid  reaction, 
on  account  of  increased  formation  of  the  two  varieties  of  lactic  acid  (iin- 
striated  has  not),  and  it  develojjs  free  carbon  dioxid.  If  incisions  be 
made  into  rigid  muscles,  a  fluid  exudes  spontaneously,  the  muscle- 
serum. 

The  ^-iew  was  forinerlv  held  that  durinK  rigidity,  varii.-d  oreomplete  tr 
formauon  of  the  KUxojpm' iKvumed.  first  into  augnr  und  then  into  lactic   aud    ^ 
This  view,  however,  has  been  mniesu-d  by  Bvhm.  who  asoened  thai  dunnj 
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(ttgestion  a  imMitorj*  ftccumuUttan  of  Ur^  anuninlt  at  glyeo^n  take*  place  in 
the  musclvs.  as  in  the  liver:  bo  that  appnixiTn&trl)r  as  much  can  In-  fiMind  in  thv 
former  as  in  the  taller.  Rigidity  causL-s  no  diminution  of  glycogen,  provided 
putrefaction  in  |irevenii-'<i.  ht-ntw.  iho  Ltclic  acid  <i(  rijiiil  mii»clc).  cantiut  ariM! 
from  glycoKcn.  but  nroliably  from  iJcciump'isitiiin  ot  all>uminatrs  Hrfftcr  main- 
tains thai  lactic  acij  is  not  formed  ai  all  durine  poslmoncin  rigidity. 

The  amount  nf  acid  doi-a  nwt  Viiry,  wht-llicr  tlie  riijidily  dt-velujis  slowly  r»r 
rapidly.  With  the  onset  of  aciditicitton,  the  ri^dity  becomes  mi'rv  marKed, 
oo  account  of  the  coagnlntion  of  the  alkali -albumin  in  th<^  muxclc.  Thi^  leu* 
carbon  dioxid  th«ro  is  gen«rat«d  by  the  rigid  muBcIc  th«  more  it  had  already 
given  off  prcvioualy  during  activity. 

Fibrin-ferment  i>:  jirc-xcfnt  in  liiu-'vclc  in  a  statu  of  cadav«rric  rifcidiiy  It  ix  in 
nn«ra]  a  product  of  proltipla&m.  and  is  never  wantinjc  whrrr  thr  lattvi*  is  prrscnt 
There  is  inus  an  analogx-  between  coagulation  of  blood  and  muscular  rigidity. 

Two  stages  of  rigidity  are  to  be  diatinpuished :  in  the  first  stage 
the  mttsde  is  already  somewTiat  stiff,  but  still  excitable;  tlic  myosin  in 
this  staee  acquires  a  gelatinous  consistency.  Kesiitution  is  still  possible 
from  this  stage.  In  the  second  stage  the  rigidity  is  fully  developed  in 
all  of  tUe  characteristics  mentioned. 

Rigidity  appcani  in  man  in  from  tea  minutes  to  seven  lioiira;  tliv  duration  it 
likewme  variablt;.  from  otu-  to  six  day.i  Aft<-r  il.i  di^upptarnncp ,  tht  mustclp* 
again  bccotno  «nfl,  nwin;;  to  the  tmspt  of  further  dc<onip<i*ition  and  an  alkaline 
reaction:  the  rigidity  yields.  The  onict  of  rigidity  is  .ilways  prccoiicd  t>y  a  dis- 
appearance of  nervous  activity.  Therefore,  the  mnscleb  nf  tW  head  and  ine  neck 
are  first  affeciwl,  and  lliun  the  others  tn  a  dewendms  order.  Likewise  thoit- 
muscl«s  that  u.^nally  ck-|{L-nrratc  cariicsl.Hrc-  thr  lir*t  l"  bririme  rJeid:  fur  txample. 
in  the  frog  the  (Jcxors  before  the  extensors  Rip'lily  disappe.irs  earlit-*t  also  in 
thoec  rauiclca  tJiai  lirav  became  rigid.  Great  miiiicular  aciiviiy  ln-fort  death,  for 
example  during  thv  convulsion.^  of  tetanun,  choler»,  strychnin-puinciruig.  or  opium- 
poixoning,  causes  rapid  and  intense  rigidity.  Thcrviorc,  the  heart  bccom» 
strongly  rigid  and  with  relative  rapidity  White  imiaeles  bi-coine  risid  later  than 
red  mulKles-  Wild  onimaU,  hunted  to  drnth,  may  lipcome  rigid  in  a  lew  minutes. 
Usually  the  rigidity  lasts  lh«'  longi-r  the  tau-r  it  "ets  in.  Rigidity  never  occur* 
in  the  f«tus  before  the  seventh  month.  Frogs'  muscles  cooled  to  o"  C.  become 
rigid  only  after  from  four  to  seven  day*. 

Sienaon't  Experiment. — -Thr  inlUietici*  of  the  amount  of  blood  in  the  niuscIeM 
Upon  the  on**t  ol  ngtdiiy  is  especially  worthy  of  notice  Ligation  of  the  miwcular 
arteries  in  warm-blooded  animals  causes  lirsi  increased  irritability  of  the  muscular 
tiasuc,  liuting  a  few  ininute.t.  then  rapid  dintinution  in  the  irritability,  followed 
by  the  onset  of  both  ttaEcs  of  np>r  in  »ucct-»*n.'n .  It  the  arteries  of  the  muticlM 
were  ligated.  Stannius  observed  that  the  irritability  M  ilie  motor  nerves  disap- 
peared in  the  course  of  an  hour,  that  of  the  muscular  tissue  itself  in  from  four 
to  five  hour*:  then  riRidity  sets  m. 

Pathological.  -Thrombotic  nctdnsion  of  the  muscular  vcs«'l»  will  also  cause 
rigidity.  E\ci>!.sivcLy  tight  bnndagiiig  may  give  rise  to  true  rigidity  in  man  bv 
cutting  olT  the  circtilaiion.  Tlic  muscles  Ijvcome  paralyxetl  and  stilT.  and  later  break 
upintot1akc.i.andthccont«ntRof  the  libera  arc  sulisi-<|ucnily  absorbed.  The  circu- 
laUKT  disturbances,  arising  in  muscles  under  the  inHuencc  of  cold.  alKo  cause 
paralyses  thai  are  often  denigiialed  rbeiintatic.  AI^^  in  cases  of  trichinosis  the 
affected  muKcle- libers  are  the  »eat  of  ri>:idity,  and  the  BlitTne»i  in  the  muacU*^ 
is  thus  explmneJ,  The  contniclure*  occurring  in  eases  of  chok-ra  should  probably 
he  included  in  the  olass  r,f  muscular  cdnlr.ictionn  resulting  from  ciroiilflt'orv  dis- 
turbances, the  inepissali-d  blood  giving  rise  to  stagnation,  as  should  also  oertAin 
contractions  occurring  in  the  pteseiici*  of  atheroma  and  m  the  agonal  period. 
The  scnsori-  n^r^-es  in  completely  anemic  extremities  retain  their  irriUilnlily  for 
from  hvc  to  ten  hours. 

If  the  circulaiion  be  restored  in  the  first  stage  of  rigidity,  the  muscle  soon 
recovcnt.  If.  however,  the  M-eond  stage  lia:i  set  in,  re»titntion  is  impouaMe.  In 
cotd-blooded  animah  rij^iditv  d>>es  not  set  in  f'T  sjcvvrul  'lays  after  hgaiure  of 
tbc  vessels.  Brown-Sctiuarif,  by  the  injecli>in  of  fri-«h  Viloiid  t'lntaining  oxygen, 
succeeded  in  rc-itoring  soflnetts  itnd  irritabihty  !••  u  human  c.idaver  in  the  lirst 
KtAoe  of  rigiditv  even  four  hours  after  death.'  Heubel  o(>taiiied  the  s^tme  result 
with  tho  fnig's  krart  as  lung  as  fourteen  and  one-hiiK  hours  after  death.     On  pnsc- 
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iiig  blood  containing  oxy^n  throti;;h  exeioed  miuclrs,  C.  Ludwie  und  Al.  Schmidt 
found  that  the  onti-t  uf  ni;iitit_v  wa«  n^lardcd  for  a  long  time:  tnis  did  not  occur, 
hovrever.  wiili  MckhI  deprived  of  oxygen.  After  contiUt'niblu  loiw  uf  bloud,  rigidity 
xrls  in  rclativrly  early.  If  an  umiicial  circuliiiioii  he  kept  up  in  the  dnad  miucte* 
of  a  frog  l>y  nitana  of  fucbly  »lk;<1iiic  Htiids.  rigiilily  does  not  occur. 

l*n;vious  M:<;lion  vr  paralysis  of  ihc  motor  iicrves  results  In  delaved  onset  of 
rif^iditjr  in  the  rrU^tcd  riu^Il-s.  I'hv  mtsan  i.t  found  in  the  jnmter BEnindancc  of 
hlood  m  thcM  tnusclcs,  in  conticqucnct;  uf  associated  paralysis  of  tbc  vasomoton. 
the  alkaline  blood  remninitic  in  the  muKcIc*  even  Afti^r  death,  while  the  arteries 
in  other  parts  of  the  hodv  Rocome  «rmpiy.  This  view  is  supported  bv  the  fact 
thai  riiiniuiv  Appears  iniie^  later  in  fish  vhose  medulla  obfongata  «'  miMenly 
di-stroyed  th.in  in  those  that  die  slowlv.  According  to  Ewald  and  Willgerodt  the 
labyrinttis  of  ihe  ear.  tui  orsttiis  controlling  tone,  likcwiia  har*  an  inHucncv  on  tbs 
course  (if  riKiilily. 

TrccBing  and  thawing  cause  rigidity  to  set  in  more  rapidly,  and  it  is 
favored  likewise  by  inechitiiicul  mjury. 

Continuous  p>u«sive  movements  may  retard  the  onset  of  ripdity,  but  on  their 
cessation  their  rigidity  tclH  in  all  the  more  rapidly.  Rigidity  that  hfts  already 
developed  may  be  nvereonje  by  forc«d  niovemtntj!.  but  it  may  set  in  again. 

Riffdity  may  be  iiidufod  artificially: 

1.  By  neat  0tentrtf:iir),  which  eauK^K  coagulation  of  the  myosin  in  cold-btouded 
animal*  at  40".  in  mamniiiK  at  fp>m  45°  to  47*  C.  ntiil  in  firds  at  al»njl  sj'  C 
Under  svich  circumstances  there  is  marked  excretion  of  carbon  dinxid.  but  le** 
after  previous  ictuiHiuition.     Protoplasm,  for  example  of  the  amiL'ba.  is  similarly 
Bubjcct  to  he  at 'rigor. 

The  dcgrve  of  heat  rc<(uircd  to  bring  about  rigidity  is  the  higher  tb«  longer 
llie  muscles  have  bc«n  excised.  If  the  muScles  oE  A  frog  in  a  state  of  cadaveric 
rigidity  l>e  heuted,  the  remaining  pr<.>tcii]x  undergo  coagulation  sucrcsstvety,  and 
the  muscte  becomes  still  more  rigid  as  a  result  of  these  coagulative  processes. 

3.  Saturation  with  water  induces  tvalrr-hgor.  with  the  development  of  an 
acid  reaction,  in  conEcquence  of  the  coagulation  nf  the  globiUin-«utMtance«,  tba 
excretion  o(  carbon  dioxid  not  being  increased. 

If  the  thigh  of  a  frog  lu*  ligalci:!.  ami  the  muscles,  deprived  of  their  skin,  be 
immersed  in  warm  water,  they  will  become  rigid.  On  loosening  the  ligature  a 
slight  dcRrce  of  rigidity  may  disappi-ar  through  restoration  of  the  circulation.  On 
the  other  hand,  a  more  marked  degree  of  rigidity  can  be  removed  only  by  placing 
the  leg  in  a  10  percent,  solution  of  sodium  chlond,  which  will  dissolve  the  myo«in- 
coagxJum. 

j.  Acids,  even  weak  acids  Buch  as  cartion  dioxid.  induce  rapid  (Uiti-riM. 
This  i«  probobly  rlifTerent  from  normal  rigidity,  as  the  muscle  does  not  develop 
frc«  caroon  dioxid.  Injection  of  frtrm  o.i  to  o.i  per  o-nt.  sfiUui<iri.s  <>f  lactic  or 
hydrochloric  acid  into  the  vessels  of  frogs'  muscles  causes  immriliatc  rigidity, 
which  can  tx  overcome  by  0.5  per  cent.  acid,  and  also  by  a  ncutraluingsoluiion 
of  sodium  bicarbonate,  or  1 3  per  cent,  solution  <*f  ammooiuro  chlorid  The  acids 
enter  into  combination  with  the  myosin. 

4.  Among  poiaons  and  other  j«l»»tance»,  the  following  iwwmote  rigidrty: 
Cnffein,  quinm,  digitalin,  vcralrin.  hydrocyanic  acid,  also  oils  of  mustard,  fennel, 
and  nni»«,and.  when  placed  in  direct  contact  with  the  muscles,  potassium  sulpho- 
c>-anid.  ammonia,  metallic  salts,  alcohol,  ether,  chloroform.  Chloroform,  acetic 
acid,  and  heat  induce  rigidity  with  sliortening;  ammonia,  on  tbc  other  hand. 
rimdity  without  •ihortening.  ...  ,  .  ,   . 

The  position  of  the  entire  l>ody  during  rigidity  is  usually  that  which  it  occupied 
at  death.  The  position  of  the  iimbs  corresponds  to  the  resultant  of  the  vonoua 
degrees  of  muscle-tenmon.  If  the  Umbs  occupied  another  position  before  d<-ath. 
they  are  freiiumtly  sren  to  move  during  the  onset  of  ngidity.  The  arms  and 
fiagcn  especially  are  readily  fie»ed       If  the  rigidity  develops  with  especial  tinnnesx 

3 ^i'a_.  ..  .-  -  -  ^     . ..^  -    —i    ._..^nlA.-     an    itnii«itni    rVrtIt  ion    ITItiy   DC  ASAUCnC^ 

"  'iiy  occun  rap- 
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for  «xamc 


dity  in  certain  gfwup«  of  muscles,  an  unusual  position  mi 
iple  the  foncinc  attitude  of  cholera-cadavera.     If  the  ngid 


1 


idly,  the  body  at  times  remains  in  the  same  portion  that  .1  occupied  at  the  moment 
of  death,  for  example  on  the  battle-field.  Under  such  c.rcumst.neev  howe^-er. 
tlie  contracted  muscle  never  passes  immcdiatt-ly  mto  a  condition  of  ngtdity.  a 

iieriod  of  relaxiitioa  intcnening.  even  though  short,  

Muscles,  scalded  bv  immcmon  m  boihng  water  do  not  l«ome  ngid;  neither 
do  they  become  acid.'  nor  evolve  (rw  carbon  d'oxid^    Muscles  roagnlatwl  bv 

concentrated  alcohol  or  by  immersion  in  «"^rS!"*.''''^i^'viri/.r^'T  ''^^T^' 
potassium  nitrate,  sodium  and  magnesium  sulphate,  do  not  yield  an  oc.d  reaction, 
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Attention  has  repcatnily  been  directed  to  the  analoKies  between  muxcle  in 
tt£tive  contraction  and  in  the  ntntc  nf  ris><)ity.  The  form  of  the  contracted  and 
of  the  rigid  muscle  is  shortened  and  thickcneii;  both  arc  denser,  of  changed  elas- 
ticity, and  evolve  heat;  the  contents  o(  the  comracied  as  of  the  rigid  muscle  are 
neg&tiVR  deetrically  as  comfuired  with  n-Kting  m  nctu-ntjid  conteiUS.  both  evolve 
free  carbon  dioxid  and  the  rrmainine  acid  frcm  the  same  soutx-c.  A  contraction 
0ia>',  tbcrefore.  be  tcgarded  as  a  tcmporarv  rigidity,  disafiptaring  physiologicalty. 
just  as  earlier  iavcsti£atnni.  and  rercntly  Itiimstetn,  designated  rigidity  as  beins. 
to  a  certain  extent,  the  llnal  vital  act  of  the  muscles. 

A  muscle  in  prticCM  of  bccooiin^  rigid  will  lift  a  weight,  like  a  liviog.  con- 
tracting muscle.  The  height  to  which  the  weight  ia  lifted  by  a  rigid  muscle  U 
jjreater  in  the  case  of  small  weight*  and  less  for  heavj"  one*'  than  if  the  living 
mtixclc  l>i'  Ktimtilaled  to  il  mnximum  degree.  If  a  muscle,  in  which  hi-ut-rigor  hat 
tx-cn  induced,  be  at  first  prevented  from  contracting,  and  if  later  (for  example 
after  ten  minutes)  it  be  set  free,  its  elastic  energ>'  wtil  cause  it  to  coQira^t,  luid 
iC  mutt  lOMf  heal  at  the  tame  time. 

The  disappearance  of  cadaveric  rigidity  takes  plucc  at  fint  aa  a  result  of 
increased  formation  of  aa'd  in  the  inu&clc  by  vrhicli  the  myosin  is  rcdissolvcd, 
SubBequuntly,  with  thi^  duvclogmiunt  of  nucroi'irxaniiimit  jiutrcfaciion  sets  in.  witli 
the  associated  evolution  of  amnionia,  hydrogen  aulphid,  nitrogen,  and  carbon 
dioxid. 

The  loss  of  irritability  in  the  muscles  that  precedes  the  onset  of  rigidity  occurs 
in  the  following  order  in  man  (beheaded  criminal) :  Left  ventricle,  stomaen.  intes- 
tine (tifty-tive  minutes),  urinarj-  bladder;  Hjjht  vi^ntrirlc  (sixty  minutes):  Iris 
(one  hundred  and  five  minutes) ;  muscles  of  the  (acr  and  the  tongue  (one  hundred 
and  eighty  minutes);  the  extensors  of  the  extremities  about  one  hour  before  the 
flexors:  the  tnuMrks  of  the  trunk  (from  live  to  six  hours).  The  eeophajfus  remain* 
irritable  tnr  a  Ifing  timu, 

IRRITABILITY,  STIMULATIOH,  AND  DEATH  OF  THE  MUSCLE. 

By  the  irrtinbility  of  a  muscle  is  understood  its  ability  to  contract  in 
response  to  stimuli  applied  directly  to  it  (not  to  its  nerves).  Smmt- 
Jatiots  is  the  state  of  functional  activity  in  which  a  muscle  is  placed  by 
stimuli.  At  the  moment  of  activity  the  stimulation  causes  the  chemical 
potential  energy  of  the  muscle  to  be  convened  into  work  and  heat; 
stimuli  thus  act  as  liberating  forces.  The  mean  temperature  of  the 
body  is  most  favorable  for  the  manifestation  of  irritability,  Each 
muscle  appe.irs  to  possess  a  special  degree  of  irritability  peculi-ir  to  it- 
self, as  do  likewise  the  ncn'es. 

So  long  as  the  current  of  hlood  in  the  muscle  is  iinint-errupted.  stimu- 
lation first  causes  an  increase  in  its  functional  activity,  partly  because 
the  ciroJation  becomes  more  active  in  association  with  dilatation  of  the 
vessels;  later,  however,  the  functional  activity  diminishes. 

This  diminution  in  functional  activity  is  a  sign  of  fatiRue.  If  the  same  stimu- 
lation be  continued,  the  muscular  activity  will  exhibit  a  periodic  variation,  in 
Rich  manner  that  afti-r  a  wries  of  weaker  contxactiirtiK  ttrongrr  ones  will  again 
Get  in.  followed  in  turn  by  weaker,  and  so  on.  This  phenomenon  depends  upon 
periodically  recumnx  iniprovciucnt  in  the  nutrition  of  the  muacle.  as  a  result  of 
analogous  variatioiiii  in  its  circulation. 

In  excised  muscles  also,  especially  if  the  large  nerve-trunks  have  al- 
ready undergone  degeneration,  the  irritability  is  at  first  somewhat  in- 
creased after  each  stimulation,  so  that  with  a  uniform  series  of  stimuli 
the  contractions  at  lirst  exhibit  an  increase  in  extent.  Thus,  it  may 
happen  that,  while  the  first  weak  stimulus  is  still  ineffectual,  the  second 
tvill  give  rise  to  a  contraction.  The  iinstriated  muscles  exhibit,  tmder 
certam  conditions,  automatic  and  rh>thmic  movements  without  the 
intervention  of  nerves. 
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Progs'  nuweles  that  hnve  been  cooled,  or  those  in  which  deciccatioii   hns 
begun,    exhibit    an   rxccssivdv    increawfl    irritability,    cepeciilly    to   mcchAnicalJ 
stimuli.     This  fact  may  explain  xli«  ri'marlcibte  muscutar  movenionts  that  ofttril'l 
take  place  in  chokTa-ca<lavcrs      Cooled  miwclen  (n^m  the  frog  or  the  tonmac 
may  pntnt-rvf  tlu-ir  irrilahilily  ff>r  as  Injij;  as  Xi?n  days,  but  the  mtudes  of  wami- 
blooded  onirnRls  oftrn  dcernrmtc  in  from  one  and  one-half  to  twD  and  one-half  . 
hours.     'Hit  irrit<ibiltiy  of  the  iK-itrt-uiuscte  ia  cutisidi-rfil  tin  p.  ii8,     Curahi«dai 
isolated  frogs'  muscles  t^xlubit  thv  U-ast  amplitude  of  cuntractiun  at  o°.  Ibc  greatest 
at  jo";  if  hcatM  licyond  the  tattrr  temperature,  ihc  rniitriiiction  );mduaUy  dimm- 
itlie«,  until  the  point  is  reached  where  rigor  m'Ls  in.     Thvi  duration  of  contraction 
and  the  Iat«ni  jxriod  are  also  shortest  at  ^c". 

Sincv  the  tunc  ii(  AU>.  v.  Hnller  ((743)  it  has  1>e«n  thought  necasaaiy  to 
attribuU-  to  muscle  n  ineculiar  irriuihility  (even  without  the  intrnnedintton  of  t" 
raotor  nervel.  In  more  ri-cent  times  attempts  h.ive  been  made  to  adduce  furthet 
support  in  favor  of  iliis  jjiccitic  niuicuiar  imMbiliiy.  (i")  There  arc  chemical^ 
irritants  thai  irwUice  110  nioviMmnt  when  applird  to  the  tnotiir  nerve*,  but  cause 
contraction  when  applied  directly  to  the  muaclc:  (or  example  ammonia,  lime- 
water,  carbolic  acid-  [»)  The  extremities  of  the  sartoriws  iiiuwic  of  the  frog,  ia 
which  no  nerve-ending*  can  be  demonslrateJ  by  nu-anii  li  the  microscope,  never- 
theles*  react  to  direct  stimiilntion  by  contraciionx.  (3)  ('urane  ftaralyxcs  th«j 
motor  nerve*,  while  the  tmiKclr  itself  rpmairs  irritable.  The  a*:tion  of  cold, 
tbo  arrest  of  the  circulation  in  the  muscle  of  an  animal,  will  Ukevrise  abohsh  tl 
irrilability  o(  the  nerve,  but  not  of  the  muscle  at  the  same  time.  In  general^ 
the  (lirerttv  Kliniulatcit  muKle  will  still  contract  for  sotiK  time  after  its  motorl 
nerve  has  ilcKieni.Tati-d  (4)  After  section  of  the  nerves,  the  masctes  still  remain 
irritable,  even  though  tlic  ner^'cs  have  uiidergone  total  fatty  degeneration,  (j)  At 
timea  ekctricaJ  stimuli  act  only  upon  the  nerves,  and  not  upon  the  musciea  th«m- 
•clves. 

[n  lower  animals  (hydra,  mcdiisal  unin-Ihilar  stnictures,  ncuro-nmscular  c«IU. 
have  been  found  in  vhich  nervous  and  muscular  tissue  arc  represented  in  one 
and  the  same  cellular  structure. 

With  regard  to  the  stimuli  that  act  upon  tho  mtisctes.  tlie  following  are  to 
be  noted  : 

I.  The  normal  stimulus  under  rmtinary  cirruiiuitance:<  acts  upon  the  muscle 
by  way  of  its  ncr>-c.  as  in  voluntan,"  movement,  the  automatic  motor  impulse, 
reflex  excitation,  Ita  nature  is  tinknovrn.  The  irritation  of  a  muscle  through  tlie 
intermediiition  of  its  nerve  iii  Je^i^iiU'd  indirect  ittiinulation,  I'Mudoraotor 
effects  arc  considered  on  p.  ^$1. 

a.  Chtmical  Stimuli.— All  chemical  agents  that  alter  the  chemical  co*wtitut»on 
of  muscular  tisme  with  sutTicieni  rapiditv  act  as  muscle* stimuli      Aeconltng  to, 
KOhne,  the  mineral  acids  (01  per  cent  hyiJrochloric  aeidi,  acetic  and  oxalic  aicidstj 
the  italtn  of  iron,  ^ine,  cnjipcr,  sih*cr.  anil  lead,  bile,  all  act  a«  KtiiRiili  to  the  muscled 
in  dilute  solution,  and  only  nii  the  T)er\-es  in  much  stronger  solutions.      Lactic 
acid  and  glycerin,  when  ctfiiccnt rated,  excite  onlv  the  nerve  ( ?) :  when  dilute,  only 
tile  muscle      The  neutral  alkalint;  Mnli.i  act  i-vtiiiilly  i»i  muscle  and  nerve.     Alcohol 
mid  ether  both  act  feebly      Water,  especially  if  injected  into  thft  muscular  vessels, 
causes  librillary  contractions.     Solutions  of  sodium  chlorid,  fri-m  0,6  to  o.g    pefj 
cent.,  or   tiorma.1   solution.-i  of  other  sodium- salts,  act   mdifierently  tovrard    ilM~ 
muscular  sul>siHiice.  even  after  tbe  latter  i»  exposed  to  their  mtiuence  for  days;! 
this  is  specially  true  after  the  addition  of  a  trace  of  calcium  chlorid  or  calcium 
phosphate.     A  6  per  cent,  solution  of  sodium  chlorid  causes  the  sartoriue.  whvit 
deprived  of  it»  nerve.  10  contract  much  more  strongly  than  when  its  ner*-e  is 
ptv-served.  and  es^ieciallv  in  itK  active,  thick  t'iberv.     Acids,  potassium- salts,  and 
meat-extract  diminiitli  the  irritability  of  the  miijcic,  while  other  musclc-stii 
such  a.1  alcohol,  soil ium -salts,  some  metallic  salts,  in  small   doses  incrcaae 
irriUibilily.     Gnjtecs  and  vapors  aUu  have  a  stimulating  inrluence  on  the  muscles,^ 
either  exciting  simple    contractione  or  immedialely  causmj;    contracture       Pro- 
tracted exposure  to  the  gases  causes  rigiditv.     Only  the  varior  of  carbon  disulphtd 
has  an  irritating  cfTect  on  the  nerves,  while  mo«t  vapont  (for  examgile,  c4.  hydro- 
chloric acid)  destroy  without  camiini;  excitation. 

In  comparative  oliBervatii'ns  on  the  inftiience  of  chemically  related  substi 
only  chemically  equal  quantities,  fnrirKaraptc  nonnal  solutions.  (Iii>u1d  beeoipl  , 
Thtis,  among  the  halogens,  sudiuni  irJid.  with  its  high  molecular  wciKhi.  naa  the 
tirongcst  cflccl;  while  sodium  chlurid.  with  its  low  molecular  wrt^bt.  hoa  lb« 
feeblest  effect.  The  combinations  of  the  metal*  act  in  like  manner,  also  the  salt4 
of  the  alkaline    earths.     Those  with    Ibe    highest    molecular  weight   cause   the 
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fCrentut  excitation  and  tbe  least  injury.  The  following  nibctoncec  cause  injury 
in  thi-  "ttlvT  of  tlidr  wqucrci-.  urninifuil  from  those  with  siicnigrr  to  those  with 
weaker  etT<:cts:  ammonia,  potassiiiTn.  sodium,  hydrochloric  acid,  nitric  scid, 
Kulphunc  acid.  pho»pliofic  acid  (in  accordance  with  i3ieir  avidity):  Uie  fatty  acids 
with  larK<T  inoit-culcs  as  coiniiiired  with  th<Me  wiih  HmallM':  the  higher  itkohols 
as  compjircd  with  the  lower. 

In  making  experiments  upon  the  chemical  irritation  of  muscles,  it  is  inad- 
vitul?l«  to  iiiiinenM;  the  transverse  scctiun  of  the  musclv  in  tli«  solution.  Tlie 
s\ibstAncc  m  »oluti<iTi  should  rath«r  be  applied  to  a  limii«J  nrta  on  thv  uninjured 
auffacA  of  th«  iriLuscic.  The  itimulation  will  then  lir  mnnift-flrd  in  a  few  seconds 
by  contraction  or  fibrillarj-  mmion  of  the  sujicrlicial  muscular  layers. 

H  the  sanohuG  of  a  curarucd  dog  be  imniei^i^d  in  a  solution  of  5  enints  of 
sodium  chU>rid,  1  grams  nt  alkitline  sodium  phoitiihate,  and  0.5  gram  ol  sodium 
carbonate  in  1  liter  of  waWr  at  10'  C.  the  muscle  will  be  thrown  into  rhythmic 
contractions,  which  may  persist  even  for  days.  These  contractions  suggest,  to  a 
certain  detcrt'c,  the  rhytdmic  action  of  thv  heart  (Bicdi-rmnnn). 

The  followinj;  act  its  chemical  irritants  upon  unstriated  muscles:  ergot,  aloea. 
colocynlh.  the  alkalies;  atropin  and  nicotin  paralyxe  the  nervous  elements  in 
such  miucles,  «s  does  also  ether:  chlnroform  also  destfoyit  thr  in u^clr- libers  them- 
selves. Carbon  dioxid  in  small  amoimts  acta  as  an  irhtari  to  the  netn^es,  in 
larger  amtnmts  nii  a  paralyximi.  and  in  still  larger  amounts  it  irritates  and  finally 
paraly/es  the  musck--tiber«  themselves. 

3  Thermal  Stimuli. — U  a  frog's  muscle  be  rapidly  heated,  a  gradually  in- 
creasiiig  cnnlr:ict;on  iH^'gins  at  about  1$"  C.  bocomes  more  jiroiiounced  at  30'  C. 
and  attnina  ita  maximum  at  45'*  C:  following  this,  further  healing  rapidlv 
leads  to  heat-rigor.  Local  cooling  of  the  muscle  increases  its  irriiabiliiy  for  all 
kinds  of  stimuli.  Plfos's  inutscle  cuoted  to  e°  is  exceedingly  respunnive  to  me- 
chanical irritation,  ixncTit  may  be  itiinuiated  by  degrees  of  cold  below  o",  until 
freezing  takes  place-  fleat  has  a  relaxing  eficct  on  unstriated  muscle  (frog], 
while  cold  has  a  moderately  stimulating  ef^t.  Variations  in  temperature,  how- 
ever, also  afTect  the  nerves  of  these  muscles,  each  fluctuation  causing  reflex  con- 
traction, which  does  not  occur  if  ihenen-es  ore  paralysed. 

CI.  Bernard  made  the  remarkable  observation  that  the  muscles  of  artificially 
cooled  animals  retain  their  irritability  for  many  hours  after  death.  Heal  causes 
rapid  disappcnninct-.  with  t(-mi>(irarv  increase  of  the  irritability. 

4,  Hecnanical  stimuli  of  nil  kinds  cnust-  a  contraction  at  each  fcparatc.  sudden 
blow:  oiul  U'tutiui  if  repeated.  Strong,  local  stimuli  induce  an  elevated  contrac- 
tion of  considerable  duration  ut  the  pomi  of  application.  Moderate  stretching  of 
a  muscle  incri-ascs  its  irrit.-ibilicy.  Mechanical  tlimiilalion  of  a  muscle  poisoned 
with  veratrin  causes  a  heaving  movement  of  its  fibers,  which  may  persist  for  as 
long  as  one  minute. 

«.  Electrical  stimuli  are  discussed  in  conjunction  with  nerve-stimuli  (p.  '^30- 

Cnraie.  tin-  arnm-poium  of  the  South  Americim  Indians,  is  the  dried  juice 
of  the  root  of  Strj-chnos  Crevauxi  "When  inlroduccd  into  the  blood  or  injected 
subcuianeously.  it  lirst  causes  paralysis  of  the  intramuscular  tcrounalion  of  the 
motor  nerves,  the  musclts  themselves  retainin>;  their  irrilabilityi  while  the  scntiOT^' 
nerves  and  those  of  the  central  organs  and  the  viscera  (heart,  intestine,  and  ves- 
sels) remain  for  a  time  unaffected.  In  warm-blooded  animals  the  paralysis  of 
the  re8|>iratory  muacles  naturally  causes  early  asphj-sia.  which  is  tinaitended  with 
convulsions.  Froft*.  vhoae  skin  ia  their  most  important  r»piratory  organ,  on 
receiving  a  nuitablc  dn^-,  may  recover  comjiletoly.  after  remaining  motionless  for 
days,  during  which  the  poison  is  eliminated  through  the  urine.  LaTBer  doses  paralyxe 
also  the  cardiac  inhibitor;'  and  vasomotor  nerves.  In  electrical  fish  paralysis  of 
the  nerve  tranwnitting  the  electrical  xhnck  occurs.  In  frogs  the  lymph-hearts  also 
arc  paralyEcd.  If  the  doses  that  arc  fatal  when  administered  sutH:ut4incouslv  be 
given  by  mouth,  poisoning  does  not  result,  because  the  poison  is  climinatcu  by 
the  kidneys  at  the  same  rate  that  it  is  absorbed  by  the  gastric  mucous  membrane. 
For  the  same  reason  the  flesh  of  an  animal  kille<l  by  a  poisoned  arK>w  is  harm- 
lefts.  If,  however,  the  nrc!er«  he  ligated,  the  poison  acctimulntcs  in  the  blood, 
and  intoxication  nsulls.  Large  doses,  however,  will  kill  uninjured  animals  also 
by  way  of  the  intestinal  tract. 

Atrojiin  apin'.ir»  fi  he  a  nin-cilic  poison  for  unsirlated  muscle-fibeni,  although 
difTereni  muscles  an-  varionslv  alTected  by  it. 

The  irrilability  of  the  iiiuM:k'S  after  lesions  of  the  iwr\'e8  deserves  especial 
attentiuii.  After  three  or  four  days  the  irritability  of  the  parolyicd  muscle  is 
diminished  for  direct  or  indirect  (nerve)  stimuh.     There  then  follows  a  stage  in 
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which  &  constant  current  has  an  abnormally  exccnnv  rfTcct.  while  induce!  cur^ 
rents  are  almost  or  oamplctel)-  vrithout  effect:  irritability  to  direct,  mechanical 
stimuli  is  also  jncreuca.  This  increased  imiabjliij^  is  'obacrvcd  at  about  the 
seventh  week.  It  tlico  dimimshcs  Kradually.  ualil  it  completely  disappears  at 
about  the  :«ixlh  or  scvvnih  nK'nth.  Bt-jjinninj;  with  the  eecoiid  w-cci:,  the  muscle 
begins  to  undergo  pro^'wiis-e  f.-ittv  tIcgi-nerAiion,  to  the  nointof  complete  atrophy. 
In  cxpf-rimiTts  on  animals  Schtniilowitsch  found,  immeoiatcly  after  section  of  the 
sciatic  nerve.  Ehat  irriiabilicy  was  increased  in  the  muscles  innervated  by  it. 

After  death  the  muscles  degenerate  (excised  muscles  more  rapidly), 
and  the  earlier  if  they  have  been  exhausted  and  exposed  to  stimuli  of 
considerable  intensity.  Thick  musclei  survive  longer  (in  their  inte- 
rior) than  thin  muscles.  It  would  appear  that  there  is  a  definite  stage  of 
early  or  late  death  for  each  individual  muscle ;  for  example,  the  extensors 
in  man  degenerate  earlier  than  the  flexors. 

The  muscles  of  the  frog  dtgcncnitc  in  twenty-four  hours  at  suramci  tKtO'M 
peratuFc,  in  the  c^junte  of  two  or  three  days  at   moderate  temperature,  atid  only' 
aft<:r  about  twelve  days  at  a".     The  muscles  of  wdrm-hiocMicc!  aniniAU  degen«rat« 
on  an  averaga  in  the  course  of  fmm  one-sixth  to  twelve  hours.     The  dejp.-iicraiioo 
of  the  bean  is  considered  on  p.  113, 


CHARGE  OF  SHAPE  IN  ACTIVE  MUSCLE. 

Macroscopic  Phfiwmena. — i.  Active  muscle  becomes  shorter  and  flt 
the  same  time  increases  in  thickness. 

The  degree  of  shortening,  which  in  exceedingly  irritable  frogs  may  amount 
to  as  much  ax  from  A5  to  85  per  cunt,  (on  an  average  7*  per  cent.)  of  tho  entii«H 
laogth  of  the  muscle,  di-jirndg  tipnn  \-anoius  factors:  (a)  To  a  certain  degree  aafl 
increase  in  the  sirenEih  01  the  stimulus  gives  rise  to  a  greater  amount  of  shortening, 
(b)  With  incn-asinR  exhaustion  Jiflrr  continuous,  vigorous  activity,  the  same 
strength  of  stimulus  causes  less  shortening.  (O  Elevation  of  temperature  up  to 
30'  C.  causes  stronger  contractions  in  the  frog's  muscles.  If  the  temperature  be 
further  elevated  the  degree  of  shortening  is  ai;iun  diminished. 

J,  The  contracting  muscle  is  somewhat  diminished  in  volume.  Con- 
sequently, the  sjjecitif  gravity  of  contracting  muscle  is  somewhat  in- 
creased, the  ratio  to  that  of  non -contracting  muscle  (in  the  marmot) 
heing  as  1062  :  1061.     The  diminution  in  volume  amounts  to  only  yVrr- 

Method.— ^nrammcrdam  placed  a  frog's  muscle  in  a  glass  tube  containing  ab 
and  drawn  init  into  a  thin  tubule  containing  a  small  drop  of  fluid.    The  nvrvc  woj 
conducted  to  the  exterior  through  a  snudi  lateral  opening.     Mechanical  stiroulatioal 
of  the  exposed  nerve  caused  contraction  of  the  muscle  and  descent  of  the  smalll 
diop.      In  an  analogous  manner   Hrmann  pUced   irrilAbIc   fragincnta  of  an  eel] 
in  a  similar  tube,  tuled  with  an  indifferent  tiuid      The  fluid  rises  to  a  certaia] 
lc\-el  in  a  thin  tul>uk-  communicating  witfa  tite  gloss  container.     When  the  muscu' 
lature  of  the  ccl  was  made  to  c<«UrHct,  the  lluid  sank       LAndoix  demonstrat 
the  diminution  in  voiiunc  of  contracted  muscle  by  means  of  the  manometrio] 
llame.     The  o'hndrical  glass  vessel  containing  the  muscle  receives  two  ctectrodecJ 
parsing  through  its  walls  in  an  air-tight  manner.     It  communicates  ut  one  pcin^j 
with  a  gas-supply  pipe,  and  at  another  point  it  gives  off  a  thin  tubule,  at  thel 
vatrvitiiiy  of  which  a  small  (lame  is  ignited  at  low  gas-prcssurc.     The  muscular ,j 
contraction  foUuwmg  each  electrical  stunulus  causes  a  reduction  in  the  sise  o(  tbAj 
flame       If  n  nulKnting  heart,  natunUly  containing  no  air.  be  placed  in  the  ga*- 
chamber,  each  pulsation  will  bo  attended  with  a  reduction  in  t}io  sixe  d  the  llame. 

3.  Under  normal  condition.'*,  all  stimuli  applied  to  the  muscle,  as 
well  as  to  the  motor  nerve,  will  cause  contraction  in  all  of  its  fibers.  The 
muscle  thus  conducts  to  all  of  its  fibers  tlic  impulses  communicated 
to  it.  Deviations  from  this  rule  arc  observed,  however,  in  two  direc- 
tioofi:    Ca)  When  the  muscle  is  greatly  exhausted,  or  when  it  is  about 
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to  degenerate,  a  violent  mechanical,  and  also  a  chemical  or  electrical 
stimulus,  applied  to  a  circumscribed  portion  of  the  muscle  will  cause 
contraction  in  this  portion  alone;  so  that  an  elevated  thickening  of 
the  fibers  (Schiff's  tJicmuscular  cottlrnclion)  is  ol!scr\-cd  at  tins  point. 
The  same  phenomenon  may  be  induced  in  the  muscles  of  a  healthy 
person,  and  especially  in  weakened  and  poorly  nourished  individuals, 
if  the  fibers  be  struck  with  a  blunt  edge  at  right  angles  to  their  course, 
(b)  Under  certain  conditions,  as  vet  not  fully  known,  the  muscles  will 
be  seen  to  exhibit  so-called  fihriilary  contractions,  that  is  the  various 
Inindles  of  tilnirs  in  the  miiscle  are  from  time  to  time  traversed  by  short 
contractions.  Such  a  condition  is  observed  in  the  tongue-muscles  of 
the  dog  after  section  of  the  hj-poglossal  nerve,  and  in  the  facc-muscIes 
after  section  of  the  facial  nerve. 

According  to  Blvulcr  and  Lchmnnn.  section  of  the  hypogtossnl  nerve  in  the 
labbit  is  followed  in  the  course  of  from  «xty  to  eighty  hours  by  fibrillar  con- 
tractions thai  pcntUt  for  tiioiuKb,  even  when  stimulation  oi  ttic  li«uled  nerve 
above  th«  point  of  union  nKiiin  txcitcs  rawvcmtnts 
in  till:  corrr-x ponding  )i(df  ol  the  tongiic.  tjtiniii- 
lation  of  tli«  line^iial  nerve  increases  th«  hbriUar 
contractions.  This  nerve  conLains  vasodilator 
tUiers  fniin  tli«  clifirda  tyinpani.  Sehiflt  Iwlifiveu 
that  the  caiigc  wf  the  ctrntractititis  resides  in  the 
iocrcascd  blood-supply  to  the  tongue.  Sigiu. 
Ma>'«r  also  oljAcrved  contractions  in  the  facial 
muscles  in  nibbits,  aiXxr  rcstomtion  tif  the  cir- 
culation in  th«  carotids  and  sulx:Iavians.  ]>rc 
vioiiily  comjir«e»cd.  Section  of  llic  motor  nerves 
in  th«  face  does  not  alxilish  itn:  phenomenon. 
while  rcpentert  comnrrs^ion  of  the  arteries  d«es 
so.  The  cause  of  the  contractions  resides.  BC- 
cordiiigiy,  in  the  rauhculiiinn*  nt«olf.     This  motor 

f)'h«nomenoii  Is  dmignuCeil  f'lf iiifirniofar.      It  may 
«  compared   to  tlw  paraljtic   secretion  of  the 

salivary  glands.  Similar  phenomena  have  been  observed  also  in  man  under 
patbulovical  candiliuii:*,  Inic  al  timc^t  tihritlur  conlroclions  may  b«  obtierved  even 
xn  thcabacncv  of  other  evidence  of  pathological  dlstuibiuices. 

Microscopic  Phenofnena. — i .  The  separate  fibrils  of  the  muscle 
exhibit  the  same  phenomena  as  docs  the  entire  muscle,  in  that  they  be- 
come shorter  and  thicker.  3.  The  observation  of  the  individual  muscle- 
elements  is  attended  with  especial  difficulties.  In  the  first  place,  it  is 
certain  that  during  contraction  they  become  collectively  shorter  and 
thicker,  so  that  the  transverse  striations  appear  to  be  pushed  more  closely 
together,  i-  Opinions  are  not  fully  in  accord  .is  to  the  behavior  of  the 
constituent  parts  of  each  muscle -element  during  contraction. 

RijC  ii>i.  1  ffpn-wnis.  acconling  to  Eng»-1m.inn ,  cm  the  lefts  muscular  element 
at  rcsti  from  c  \o  d  extends  the  doubly  refractive,  conimclilc  substance,  in  the 
middle  of  which  the  median  dine  a  h  Lh  tiituatcd;  h  and  g  are  the  terminal  dJacs. 
In  addition,  there  is  in  each  sinely  refractive  lijcht  layer  on  acccMory  disc,  f  and 
«,  which  iii  doubly  refractive  in  hut  nli^ltt  degree,  nnd  occurs  onlv  in  the  muscles 
of  insects  Fig  i  shows  on  the  ri^t  the  same  clcmrnt  in  polariied  light,  the 
middle  portion  of  the  element,  so  far  as  the  actual  contractile  substance  extends, 
appearing  light  on  .iCLOunt  of  ihe  double  refraction;  while  the  remainder  of  the 
inuRc1e<eIcnient  api>ears  black  on  account  of  the  sinKlc  refraction.  Pin  igr.  i 
represents  the  tTBnsition -stage,  and  3.  the  actual  contractile  stage  of  the  muscle- 
ctcmcnl.  both  on  the  left  &s  viewed  in  ordinary  light,  and  on  the  right  in  polariied 
Uitiit. 

According  to  Engelmann.  during  contraction  (j)  the  singly  refractive 
layer  becomes  on  the  whole  more  hij-My  refractive,  and  the  doubly  re- 
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If  provision  i»  made  in  the  experiment  for  the  muscle  to  contract  iinmedUUilyW| 
•0  that  DO  time  b  lo«t  bctwircn  the  act  ot  the  relaxed  nmscle  tiecomiog  tcnss  U^ 
th« eomm«nc«n)«nl  of  tbcconlraclioti.  the  latent  st«Ke  mav fall  Mow 0.904  sccone 
For  the  excised  frog'i  muKle,   Bemst«in  and   EngolniAnn  found  the  thor 
period  to  he  a  004S  ceeond.     If  the  nnimal's  miis<-ic  rcmaina  sttaehcd  to  til 
tK>d>',  protected  as  well  as  possible  from  external  injuricB  and  tupphed  with  eirct 
Lating  blood,  then  the  latent  stimulation  may  be  shortened  to  0.0035  second,  aai 
even  to  0.002$  second. 

Influence*  Affecting  the  Duration  of  tht  Latent  Period. — The  latent  period  b 
diminished  by  increase  in  the  strength  of  the  sttmulua  and  by  heat,  and  increased byj 
faUguc,  cooling,  and  increase  in  the  weight,     The  lllt*^^t  period  of  an  "p**;^*'!^ 
contraction  is  al»o  longer  (even  0.04  second)  than  that  of  a  closing  con tntctioil« ' 
Before  the  muscle  contracts  as  a  whole,  individual  musclc-clcmcnts  within  it 
must  fllwadv  have  vuidergone  contraction.      It  is,  therefore.  a»uiiied   that  the 
latent  period  of  the  individual  muscle -element*  u  shorter  than  that  of  the  entir* 
muscle.     The  latent  iii-Tiod  in  shorter  «(t<^r  direct  miiiscie-stimulnlion  than  after 
indirect  stitnulatiDn  through  the  ner\'e,  as  the  transferenco  of  the  stimulus  through 
the  motor  end-organ  requires  some  time.     The  transmission  of  the  nerve-stimult ' 
is  considered  on  p.  06;. 

a.  From  the  beginning  of  the  contraction  to  the  height  of  the  short- 
ening (b  d),  the  muscle  contracts  at  first  somewhat  slowly,  then  nior 
rapidly,  and  finally  towanl  the  end  of  the  shortening  more  slowly  agaia; 

50  that  the  Ascending  limb  of  the  curve  has  the  form  of  an  J .    This   is 

termed  the  stage  of  increasing  ettergy;  it  lasts  about  0.03  or  0.04  second. 


Fic.  ■«].— H|x«Fuii  U  u  Imlonic  Cannnctian. 

Its  duration  is  the  shorter  the  smaller  the  contraction  (weaker  stimulus). 
the  smaller  the  weight  to  be  raised,  and  the  less  fatigued  the  muscle. 

3.  After  the  height  of  contraction  has  been  reached,  the  muscle  again 
becomes  extended,  at  first  slowly,  then  more  rapidly,  and  finally  more 
slowly  again;  so  that  the  descending  Hmb  has  the  form  of  un  inverted 

C.    This  is  the  stage  of  diminishing  energy  (d  e) ;  it  is  usually  of  shorter 

duration  than  that  of  increasing  energy. 

4.  After  the  descending  limb  of  the  curve  has  been  recorded,  there  fol- 
low several  after-vibrations  (from  e  to  f),  due  to  the  elasticity  of  the 
muscle,  and  disappearing  gradually .  These  constitute  the  stage  of  etasHi 
ajter-vibraiions.  The  latter  are.  liowevcr,  regarded  as  factitious,  and 
due  to  the  after-vibrations  of  Helmhottz's  apparatus, 

If  the  stimulus  is  applied  to  the  motor  nerve  in.stead  of  the  mtucle. 
the  contraction  is  the  greater  and  lasts  the  longer  the  nearer  to  the 
spinal  cord  the  nerve  is  stimulated. 

It  has,  until  now.  been  a»*umcd  that  the  niuscle  is  weighted  only  with  the 
light  writing  lever  that  it  has  to  raise  tn  recording  the  cur\-e.  If.  however,  tt 
b?  aftcr.|.K°led.  thai  is  i(  additional  weight*  he  hung  on  the  lever  that,  aujw 
ported  during  rest,  must  \x  lifted  dunns  conimclion.  then  the  commcnccmem  o( 
the  contraction  is  dcIa>Td  as  the  aftcr-l^dmi;  i*  mrrr^s-d        fhw  is  due  to  tha 
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fact  tliitt  the  muscle,  froni  the  monifrnt  of  stiinulBtion  on.  mtut  first  accumiilat* 
80  much  contractile  force  as  is  necesaan'  to  raise  the  weight.  The  greater  the 
wei{[ht  the  longer  iii  the  period  ol  tune  that  mux  eUpse  before  the  act  oi  lifting 
bc^ns.  Finally,  a  degree  of  .-ificr-tiiinlinK  is  reached  at  which  it  is  no  longer 
possible  to  raise  the  weight.  This  indicaws  ihc  limit  10  which  tlie  Icvcr-forca 
may  operate. 

If  a  muscle,  daring  contiaction.  be  subjwrted  to  a  temporary  increase  in 
tension,  it  will  be  found  that  a  shon,<)uick,  and  considerable  increose  in  tension 
immediately  diminishes  the  contraction;  while  a  more  prolonged  and  slowincreaM 
eomewhat  fater  increases  the  contraction. 

The  temperature  of  the  muscle  alKO  has  lome  iiitlueiice.  The  dunition  of  the 
contractile  force  diminishes  with  tncreasinE  temperature,  increasing  with  increase 
in  weighting.  The  rspidity  with  which  tnc  contractile  force  develops  increases 
with  increasing  temperature,  diminishing  with  increased  n'ci^litiog.  The  height 
to  which  an  unweighted  muscle  mar  lift  a  weight  iiicrcjiscs  with  its  temperature. 
A  frog's  muscle,  supplied  with  circulating  blood,  exhibits  the  greatest  coniraciion 
in  response  to  stimuli  at  0°  C.  As  the  temperature  rises,  the  extent  of  contraction 
diminishes  progressively. 

If  the  muscle  becomes  fntigued  as  a  result  of  repeated  stimulation,  the  stage 
of  latent  stimulittion  becomes  longer  and  thu  curve  remains  loivcr,  twcausc  the 
contraction  of  the  muscle  is  less;  while  the  abscissa  becomes  longer,  because 
the  muscle  contracts  more  slowly  (Pig.  1<|4.  D-  Cooling  of  a  muscle  hat  like 
efTects,  Also  the  muscles  of  the  new*bom  behave  in  a  similar  manner.  The  con- 
traction •cur\-c  has  a  Sat  apex,  and  is  considerably  prolonged,  especially  in  the 
descending  limb. 

I(  the  nerve  of  the  muKle  is  stimulated  bv  the  clu.iing  or  opening  of  a  constant 
current,  the  musculsr  contraction  corrvsponJs  exactly  to  that  already  described. 
If,  however,  the  current  is  applied  directly  to  thc'muscM  itself,  and  is  closed 
and  opened,  a  certain  degree  of  persistent  contraction,  though  often  but  shght, 
t&lees  pluee  during  the  period  of  closure,  no  that  the  curve  assumes  the  form 
shown  in  Pig.  194,  iV.  in  which  the  current  was  closed  nt  S  and  opened  at  O. 

According  to  Cash  and  Kronecker,  the  individual  muscles  have  a  special 
form  of  con  traction -curve.  Thus,  the  omohyoid  of  the  tortoise  contracts  more 
rapidly  than  the  pectoral.  The  flexors  of  the  frog  contract  marc  quickly  than  the 
extensors.  The  muscles  of  tortcnses.  the  adductors  of  mussels,  the  muscles  of  the 
bat.  and  the  heart  contract  slowly.  The  inusole.i  of  /lying  in.wcts  contract  vriih 
sreat  rapidity,  tbosv  of  the  fly  350  times,  and  of  the  Sec  40a  times  in  a  second. 
Tlwro  are,  however,  slowly  contracting  muscles  among  beetles  also,  for  example 
in  the  water-beetle.  h>'drophiliis. 

White  muBcle-Ilben  are  more  irritable,  have  a  Khorier  latent  period,  and  are 
more  readily  fatigued  than  red  fibers,  their  contrncticn-period  is  shorter.  Thoy 
are  therefore  more  active,  and  the  contraction-wave  is  propagated  more  rapidly 
in  them.  Tliey  also  produce  more  acid  and  heat  during  their  activity.  The  red 
fAjcTS  execute  protracted,  continuous  movements;  hence,  moderate,  physiological 
tetanus.  They  intermediate  the  adjustment  of  the  muscular  force  to  tne  resistance 
to  be  overcome.  Red  fibers,  or  those  rich  ia  protoplasm,  arc  further  present, 
eepeciallv  in  the  continuously  active  muscles— respiratory,  masticatory,  ocular, 
and  cardiac.  The  white  libers  execute  the  rapid,  single  movements.  Muscles 
that  cont^Jn  principally  white  fibers  have  a  greater  lifting  capacity  and  a  more 
marked  absolute  power  in  the  tingle  contraction,  but  they  are  inferior  to  the  red 
muscles  in  tetanic  contraction.  The  contract  ion -curves  of  a  mixed  muscle  con* 
taining  white  and  red  hbers  may  exhibit  two  elevations  in  the  ascending  limb. 
the  first  being  due  to  the  contraction  of  the  active  white  fibers,  and  the  second 
to  that  of  the  more  uluggish  red  tlbers.  These  are  observed  especially  after  the 
action  of  vcralnn  on  the  mu.icle-substance.  The  nerves  supplying  the  white  and 
red  muscles  obo  exhibit  differences  in  their  irritability. 

Action  of  Poisons. — Small  doses  of  curare,  as  well  as  quinin  and  cociiin,  in- 
crease the  size  of  the  contractions  induced  by  stimulation  of  the  nerve;  larger 
doses  reduce  the  sixc  to  the  point  of  complete  paralysis.  Suitable,  small  doses 
of  vcrntrin  likewise  increase  the  size  of  the  contractions,  while  the  stage  of  re- 
laxation is  conspicuously  lengthened.  Acida  accelerate  the  reiaication  Veratrin. 
antiarin.  and  digitalin  in  large  doses  induce  such  chanoje.s  in  the  muscle-substance 
that  the  contractions  become  greatly  protonKed  anu  similar  to  a  continuous, 
tetanic  contraction.  In  muscles  poisoned  with  vcratrin  or  strv'chnin,  the  latent  stage 
■of  contraction  is  at  first  shortened,  hut  later  lengthened.  The  gastrocnemius  of  a 
trog  will  contract  more  rapidly  if  supplied  with  circulating  blood  containing 
sooium  bicarbonate,     Xunkcl  believes  that  the  essential  factor  in  the  action  <» 
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the  moack-poiaon*  coniisu  in  their  coairol  erf  tbc  imtabttioa  of  wtut  by  tte 
nmcde^ttbeuuicc  ,\s  the  mtuculu  contractioo  dvpenda  un  imbilHitoa,  ibc  iorm 
«f  oootracbon  ot  Ihv  poiiwuvd  muach:  will  be  influcKcd  bv  the  sutte  of  imb«b«t*CMi 
pcodoKd  IS  it  by  Uie  potsoe. 

The  contn>ctic<i-cur\'«*  c4  uiutrJAUd  tnu«clc«  At*  siaitlftr  to  tbocc  of  striaud 
mofldee.  bui  the  contractiun  takca  pUor.  After  a  latest  period  of  as  taacta  w 
a&vtnl  aeeood*.  vi«bly  Uuf  and  more  slowly. 

The  canuvction  m  a  pre|)aratioR  of  a  m))!'*  xtooiach  lasts  600  limes  aa  loog 
aa  thai  of  a  striated  muscle,  and  the  larmt  stAKc  amounts  10  ■  5  scvooda.  The 
cumc  ascends  more  steeply  than  it  descends,  aod  its  apex  la  dattencd.  VanBMV 
inrrnanai  the  heisht  of  tiic  curk-c,  and  abortcos  the  latent  penod  and  iba  durstioa 
«t  ooobactko:  aoo^-e  30°  C.  however,  the  conditknc  are  revvwwd. 

A  muscle  contracted  as  a  iv«4h  of  stteaulation  returo*  to  tta  original  knctk 
only  if  a  su^cient  cxtendiag  foiec  is  applied  to  it.  as  bv  «ci|thta  -riffrT"^*?^  fmn 
iL  Otherwise  it  n^  mnaia  somewhat  shoncned  for' a  eonaadccBbH  tine,  the 
flcndtins  eonditiun  being  deaignited  cc^ttaaur*  or  amMnctuim  nmamdtr.  This  is 
♦qxcia^  we)]  marked  ia  nnicles  that  have  been  prwiovslT  aabjecied  to  stn»s, 
direct  samiilation.  or  are  greatly  fatigued,  or  moor  atroogljr  acid,  or  numwhilH 


a  ttnnliti^w  ot  ritor.  or  have  been  obtained  tnai  aiPiDalt  poiaonwl  with  renxtm. 
The]>haDO«iMnoao<eoatract«re»al»c4ncn'eainaaBa- 

b  man.  tiosle  twitcinnc  movenxnU  of  the  nnrtEMS  aaor  be  cxcnted  ma 
neat  rap^iy.  The  deunnniatioa  ot  the  tiam-nJatiea*  ^_yj'_y*^g*gt*  «9 
Sa  laaide  most  sraple  br  Rsordtas  the  moTeoent  in  quotaaa  ^VOB  the  nteadai 
pkte  cl  the  tmiorfock-  Fig.  iw-  U-  repce««u  «*•  »»«_S5  ""'"»^"  »*»* 
r^^AJ.  conM  execute  rokmtanly  with  the  right  hsad  m  wntngthe  lettera  a  a 
s  mm  ninn  Each  ascending  and  dvsoesding  part  fl*^,""™*"  o»»ri» 
i-c  vibntiofis  {»  -  0.01613  sBWod)  -  0.0561  «xoimL  In  III  Ue  nght  ana  wm 
Mde  to  vibCBte  latenlh-  to  aod  tm  oa  the  tnmng-fcrit  plate  m  letMpc  iretnor. 
bcsB  the  toHUid-fro  movement  compdaed  from  a  lo  a-s  nUat»>»e — Enaa  cejsA 

e.  Aica  tooad  that  a  ample  mmealar  "^W^SSL'ilSS^^lSL"' -Jtf*!!!!!. 
riiock  luu  ton«er  than  a  ^f^.  momentatT.  "rohmw  "f^™*;,  "^  rfS 
legistniian  oTthe  smsciilar  tbktonng  ^icgga  amge^f^**^*?  oTOgM 

after  tbe  pr^narr  vototary  «??^S^^Sw  «SS^S?^  A" 


sheidy 


takes  place,  and  as  a  rasolt  a  part     

with  Iha  moct  rapid  voltistai?  mo«m«»w  m 
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HTout  impulses  in  the  riuocIg  maa  effiective.  so  that  th«y  really  rtpresonttd  short 
tetanic  contractions. 

PalbftlogiCAl.  - '  In  the  presence  of  secondsry  dc-gienoraliMi  of  the  spinal  cord 
following  apoplexy,  of  atrophic  muscles  allsociat<^d  with  nnV>*!oscd  pxtT*niities,  of 
museulair  atrophv.  of  projjTL-inv*  ata-sia,  and  of  p»raly«ii  ngitans  of  long  standing. 
the  latent  pertoa  is  incrvafrd      On  iho  othvr  hnnd,  Mis.  (Hminished  in  the  pretence 
of  the  contractures  attending  st-nile  chorea  and  EpaElic  tabes      The  entire  curve 
ippeara  to  be  lengthened  in  cases  of  icterus  and  diabetes.     In  cases  of  cerebral 
beiniplecia  in  the  state  of  coiitraeiuiL'  the  inuacular  cimtraclion  resembles  the 
"cratrin -curve,  as  it  does  likewise  in  cases  of  !^>i5tic  sriiu.il  p.-trulyitis  and  amyo- 
,.  ropbic  Uicrnl  sclerosis.     In  cases  of  pecudohypurtrophy  of  the  muscles,  the  ■•• 
'•MradinKlimbisitlKtrt  andlhedevcendinj:  limb  (treutlv  knj^theiu-d.      In  th«  preaenc* 
of  musculur  atrophy  following  ceri:bral  hemiplepa  and  tabes,  the  height  o(  the 
curve  i«re/1iirrd.a«c«nt  nnd  descent  take  pUcrr  grAduAlly,  And  the  eontraetioa  of 
the  atrophic  muscle  rcaembles  that  of  a  fatigued  muscle.     In  casas  of  chorea  the 
curve  is  short.     The  reaction  of  defeneration  J!i  described  on  p.  1165.     According 
^LCO  GoldKheidtfT  contnirtiiin  takes  place  eUi£KiK>i1y  alsii  in  conjunction  with  aflec- 
^Ekions  o(  the  nerves,  without  any  change  in  the  irritability  of  the  muscles  theiD- 
^Kelves.     In  rare  cases  the  observation  luis  been  made  in  loin  that  spont^neoua 
^Knotor  stimuli  ttive  riiie  to  prolonged   muH'tilur  cuntniction.-t,   foltowed  by  after- 
V^Dtractions  (Thotnncn's  disease).     The   muscle -Abcrs  nl  such  patients  are  broad, 
the  nuclei  increased  in  number,  and  the  fibrils  hypcrtrophicd ;    it  has  been  sug- 
gested that  the  while  fibers  are  waniiiiK.     Fr.  Schultio  and  others  have  observed 
I  a  peculiar  muscular  undulation. 
If  two  momentar\'  shocks  be  applied  successively  to  the  muscle  in 
Buch  a  way  that  each  would  alone  have  induced  a  maximal  contraction. 
that  is  the  greate.st  possible  contraction,  the  effect  will  vary  in  accordance 
with  the  time  that  elapses  between  the  two  shocks.    If  the  second  shock 
be  applied  after  the  muscle  has  already  become  rela:ted  from  the  contrac- 
tion of  the  fintt  stimulus,  then  a  second  majtiraal  contraction  simply 
results.     If,  however,  the  muscle  is  still  In  a  phase  of  contraction  or  re- 
laxation from  the  influence  of  the  first  stimulus,  the  second  shock  gives 
rise  to  a  new  maximal  contraction  from  the  phase  of  contraction  existing 
at  that  time.     If.  finally,  the  second  shock  follows  so  quickly  upon  the 
first  that  both  occur  during  the  ]ieriod  of  latent  stimulation,  only  one 

■  maximal  contraction  results. 
If  both  stimuli  are  only  of  moderate  strength,  not  sufficient  to  induce 
maxima]  contraction,  a  summation  of  the  effects  cf  both  takes  place. 
At  whatever  stage  of  contraction  the  muscle  may  be  as  a  result  of  the 
first  stimulus  (Fig.  i^$,  I.b),  the  second  shock  will  have  an  effect  (b  c)  as 
if  the  jihase  of  contraction  brought  about  by  the  first  shock  were  the 
natural  passive  form  of  the  muscle.  Thus,  under  favorable  conditions, 
the  contraction  may  be  even  twice  as  large  as  that  induced  by  the  first 
stimulus  ftlooc.  The  most  favorable  condition  is  the  application  of  the 
second  stimulus  .'„   second  after  the  first.     Tlie  effects  of  both  are  also 

Eroduced  if  the  second  shock  is  a]>plied  within  the  period  of  latent  stimu- 
ition. 

The  isecond  contmction  of  a  stunmated  contraction  reaches  its  height  in  a 
shorter  period  of  time  than  the  first  contraction  aloae  would  have  done.     The 

»tJmefor  fiL-  (Fig.  1^5,  /i  m,  thux,  shorter  than  that  for  <i  f>. 
If  a  series  of  shocks  be  apphcd  to  the  muscle  in  rather  rapid  succession, 
the  muscle  will  have  no  time  to  relax  in  the  intervals.  It.  therefore, 
in  accordance  with  the  rapidity  with  which  the  stimuli  follow  one  another, 
Temains  in  a  state  of  continuous,  shock-like,  tremulous  contraction  that 
as  designated  tetanus.  The  condition  of  tetanus,  or  rigid  spasm,  is.  thus, 
■lot  a  etate  of  continuous,  uniform  contraction,  but  a  discontinuous 
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form  ol  iHovrnu'nt,  rt*siiliinj:  from  aoouniulated  contractions.  If  the 
stimuli  siu'ivcsl  I'lio  anoiher  with  only  nitxlerate  rapidity,  the  separate 
uluvks  nuy  siiU  \v  ivivnlisl  in  the  oun-e  (,//>.  It.  however,  the  stimuli 
*rv  (tvr'*''^i '"  iiu^re  ravul  suooession,  the  cur\-e  has  an  uninterrupted  ap- 
^VrtViUKv  \.'.'.'^  As  a  single  t-vntrjction  takes  place  n:ore  slowly  during 
lAti);uo,  i:  is  ol'vious  th^it  a  t.»iig\ie\l  nmsole  will  be  more  readily  thrown 
imo  teiA;'.us  Vv  ^i  snuUer  nu-.ut'er  of  single  stiTr.uli  thar.  a  fresh  muscle. 

A'.'.  I'.i.'v v '.•.•.(■■.■.;*  o:  ^-v'l'.&iiVriVlc  dur*;ion  e,\ci:ed  ic  -he  '•■—»-  botJy  mrr  ih-33 
in  i*i'='-*  *'.t*i.v*sk;>'i'.      Av\\T\'.^;');iy.  <vfj>-  n;^'vt::-.<r.:.  h.-we\-i!r  s'eic^;-.  wQ  oc  close 

\^  \\<\:'';s:''  '.'Wif-.-wi-.:*  v-i— e*  ot-r-s^itfraVIv — "*'-<-  — <  ^-r-'Ticlszcs  ire  fc-Jw 
tt\'U',  S  :>.*  ■.*■/;  ji>«\vi"J,  *h*^■  :>.*  o\-i'.;ri;:iO!:;s  i«  rAv:i  fr-.-c:  :*i;  ;j.  i^  i^vsajc 
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muscles  b/  more  than  ^0.  human  muscles  by  from  8  to  13,  the  slugaUh  abductor 
minimi  digili  of  man  by  6  shocks  in  a  second.  The  muscles  of  Dirds  are  not 
thrown  into  a  state  of  tetanus  even  by  70  shocks,  and  the  muscles  ol  ineects  not 
evca  by  from  350  to  40c  in  a  second.  In  the  muscles  of  the  crab's  claw,  rhythmic 
cDDLractiOQs  or  rhythmically  interrupted  tetanus  {in  the  sstacus  and  hydropbilus) 
^^  ft«  observed  as  a  i*«ult  of  tetanic  stimulation. 

^K        O.  Soltraann  found  that  the  white  muscles  of  new-bom  rabbits  are  tetaniwd 
^P'by  iti  shocks  in  a  second,  and  that  the  tetanus  thus  induced  rescnililes  that  of 
fatigued  adult  muscles.     This  ^t  explains  the  readiness  with  which  tetanus 
oecun  in  the  new-bora. 

fCurarised  muscles  are  at  times  thrown  into  a  state  of  tetanic  contraciton 
by  a  mcsnentaiy  stimulus. 
The  extent  of  shortening  in  a  muscle  in  a  state  of  tetanic  contraction  is, 
within  certain  liniits.  dependent  upon  thi;  stfi--nKth  of  the  iniUvidual  stimuli,  and 
also  upon  their  frequency.  The  steepness  of  the  tetanus- curve  increases  with 
increase  in  the  strength  of  th<!  Etitn\ili  rather  than  with  increase  in  the  frequency 
of  the  individual  stimuli.  With  feeble  stimuli  the  muscle  exhibits  greater  con- 
tinuity in  its  contraction;  intensification  of  the  stimuh  then  causes  a  greater 
discontinuity  in  the  curve  (tendency  to  clonic  spaKni),  and  if  the  inlenstty  of 
the  stimuli  be  still  further  increased  the  curve  becomes  again  more  nearly  cnn* 
tlniious.  Tlic  contracture  that  may  remain  after  tetanus  is  the  more  marked  the 
stronger  and  longer  the  stimulatimi  and  the  weaker  the  muscle.  The  height  of 
the  contraction  and  that  of  tetanus  arc  the  same  for  an  unweighted  muaclc.  Only 
in  the  caso  of  the  wcit;htcd  muscle  is  the  height  of  the  single  contraction  less 
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than  that  of  the  tetanic  contraction.  At  times  a  stimulus  applied  immediately 
after  tetanus  has  a  greater  effect  than  one  applied  bef<jre  tetanus. 

The  tctaniicd  muscle  cannot  maintain  the  same  dcgrwc  of  contraction  in- 
definitely if  the  succession  of  shocks  remains  the  same.  On  the  contrary,  it  will 
lengthen  somewhat  as  fatigue  sets  in,  at  first  rapidly,  but  later  more  slowly. 
If  tnc  tetaniiinij  stimulus:  ik  withdrawn,  the  muscle  does  not  immediately  re^in 
its  natural  length,  but  3  certain  c on tminioii -remainder  pernsts  for  some  tune. 
especially  after  long-continued  induction-shocks. 

Muscle  may  also  enter  into  a  state  of  permanent  ccntractiun,  which  has  not 
been  definitely  determined  to  be  due  to  fusion  of  single  contractions:  for  example 
the  transient  contraction  induced  by  certain  chemical  agents  (such  as  ammonia 
and  otbers),  the  elevations  attending  idiomuecular  coniiaction.  and  that  induced 
by  the  passage  c{  a  constant  current. 

If  rapid,  weak  induction-shocks  (more  than  t3^  and  j6o,  even  as  many  as 
5000  in  a  second  (or  frogs'  muscles)  be  applied  to  the  muscle  or  its  motor  nerve. 
tb«  tetonuK  may  cease  after  the  initial  contractiod.  This  occurs  with  the  least 
frequency  of  stimulation  when  the  nerve  is  cooled;  the  higher  the  temperature 
of  the  nerve  ilic  greater  the  frequency  of  stimulation  that  may  still  be  effective 
in  inducing  i»  ioiiHuoiiiiiiticd  tetanus. 

This  initi.-vl  contractioii  is  a  short  tetanus:  increase  in  the  strength  of  the 
current  renders  the  tetanus  continuous.  On  thv  other  hand,  Kroncckcr  and 
Stilling,  however,  observed  tetanus  occur  with  more  than  14,000  shocks  in  a 
•econtL  According  to  these  investigators,  the  upper  limit  of  frequency  for  the 
muscle  that  will  still  cause  tetanus  appears  to  lie  near  the  limit  at  which  fluctua- 
tions in  ths  current  can  no  longer  be  appreciated,  even  with  other  rheoscopet. 
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instriated  muscles  and  in  the  heart  of  only  from  10  to  15  millimetera. 
These  figures,  however,  apply  only  to  excised  muscles,  for  in  the  striated 
[muscles  of  living  human  beings  the  rapidity  of  propagation  is  much 
Iter,  namely  from  jo  to  ij  mcttrrs. 

U«thod. — For  the  demonsinttjaa  of  this  motor  phenomenon.  Acby  placed  a 
Iwriling-lever  transversely  across  the  origin  of  11  muscle  o(  consideratile  length 
\'mT)6  anoiher  ucroM  iu  inwnjoH  l*oth  wrre  raised  by  the  thickt-ninj;  recultmf; 
"from  the  coniraction  of  the  respective  parte  o(  ihe  muscle,  and  the  movements 
[were  recorded  one  above  the  other  on  the  drum  of  a  kymograph.  If  one  ex- 
Ircmity  of  the  muscle  i3novv9limuI»ted.  the  cdntnitlion-wave  that  rapidly  Imverse-t 
be  muscle  liftii  first  the  proximal  and  then  the  distal  lever.  As  the  \'c]ocity 
nth  which  Ihc  drum  revolves  is  known,  the  rapidity  with  which  the  coiilraclion- 
I  Kavc  it  iiropacaied  through  the  purtit-ii  of  muscle  under  e;(aminati<.>n  tan  readily 
\he  ealciilated  from  the  distance  between  the  elevations  of  the  two  lei-ers. 

The  time  rorresponding  to  the  length  of  the  abscissa  of  the  curve  in- 
scribed \>y  each  recording  lever  is  efju»l  to  the  duration  of  the  contraction 
in  that  part  of  the  muscle;  accortling  to  Bernstein  this  is  from  0.053  to 
0.098  second.  By  multiplying  this  value  by  the  ascertained  rapidity  of 
propagation  of  the  contraction -wave  through  the  muscle,  the  wave- 
[cDgth  of  the  contraction -wave  is  obtained,  this  equals  from  206  to  380 
mi  tli  meters. 

The  rapidity  and  the  height  of  the  contraction-wave  are  diminished 
by  cold,  fatigue,  gradual  degeneration,  and  some  poisons.  On  the  other 
band,  the  strength  of  the  stimulus  and  the  extent  to  which  the  muscle 
may  be  weighted  have  no  infiucnce  on  the  rapidity  of  the  wave.  In  ex- 
cised muscle  the  wave  diminishes  in  size  during  its  course  through  the 
muscle,  but  not  in  the  muscles  of  a  living  human  being  or  animal.  The 
contraction-wave  never  passes  from  one  liber  to  an  adjacent  fiber; 
neither  does  it  leap  over  an  inteqjosed  tendon  or  a  transverse  tendinous 
septum. 

If  a  muscle  of  considerable  length  be  stimulated  locally  at  its  middle, 
a  contraction-wave  is  propagated  from  the  point  of  stimulation  toward 
1>oth  extremities,  and  in  other  respects  possesses  the  properties  pre- 
viouiily  describeiJ.  If  two  or  more  points  in  the  muscle  are  stimulated 
dt  the  same  time,  the  wave-movement  sets  out  from  each,  and  one 
may  even  pass  over  another. 

If  a  stimulus  be  applied  to  the  motor  nerve  of  a  muscle,  it  will  be 
conducted  to  each  muscle-liber,  whose  contract  ion- wave  niu3t  develop 
■t  the  motor  cnd-platc  and  be  propagated  thence  in  both  directions  along 
the  fiber,  which  is  only  from  5  to  9  centimeters  in  length.  In  accord- 
ance with  the  obvious  inequality  in  the  length  of  the  motor  fibers  from 
the  nerve-trunk  to  the  end-plates,  the  contraction  will  not  commence  at 
absolutely  the  same  moment  in  all  of  the  muscle -fibers,  as  the  conduction 
through  the  motor  nerves  likewise  occupies  a  certain  amount  of  time. 
The  difference,  however,  is  so  small  thrtt  the  muscle,  stinmlated  through 
its  ner\-e.  appears  to  contract  simultaneously  as  a  whole. 

An  absolutely  simultaneous,  momentary  contraction  of  all  of  the 
bars  of  a  muscle  can  occur  only  if  all  are  stimulated  at  the  same  time. 


MUSCULAR  WORK. 

The  muscles  are  most  perfect  machines  not  only  because  they  utilize 
completely  the  substances  con.'nimed  in  their  activity,  but  be- 
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J.-:  .'■<•  'w^:-.:  :,>«;■:.■:—:  :*:::;;:.■  >  '  he:;:?.  A  <F  Fr:m  this  i: 
■.■■■.-svs  •v^  i:\;:  ::  ;'-c  j^Mis^-V'sr.-:  ,i:  ,=  ;;w£:j:h:ei  :h=r=::re. ::  Pecuals 
*■  ,'■>■■  \  ■■.L^;  ;■.■■.:.;!  .-  :'■•,;::>  -.•■■v.tV  :^  yiri.rr::;^!  ::  there  :=  r.:  ■weig*"- 

■\!;       ?•-:  .■■*•■     ■.    :'-i'   ■"•-■>,';•    :s    ■;  ■,:r.it--.f.;  ■■v-.tr.    ir.    ex  ."tssivsly  hea'.y 
«,',;.'.,•."-;:    :*■-.■!.•  ;;;■?  ,;"-";■ :,'  ,vv.:r.;::   :!:.er£:-re  >  e r-^i!=  c.  then. 

■x.'i  ->■    -,■*%-■  v*'.\',. —  ;v.      ':'i"vv  ;-■■-.  t":;^^' fv:  ;xtren*.f?  the  aJtive 
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tonger  capable  of  raising  while  in  its  natural  passive  form,  without  being 
itretched  by  the  weight  at  the  moment  of  stimulation. 

In  order  to  obtain  a  standard  for  the  conipariaon  of  the  absolute  muBcuJar 
energy  in  different  muitcles  and  also  in  diflvreiu  ;iiiiii)uls,  an  estimation  it  mode 
of  the  absolute  muscular  force  for  one  square  centimeter  of  cross-section.  The 
mean  cross-section  of  a  muscle  is  determined  by  dividing  its  volume  by  its  length. 
The  volume  is  equal  to  the  absolute  vrtisht  of  the  muscle  in  question  dividud 
by  the  specific  gravity  of  muscle-substonoe  (1058).  Thus,  the  absolute  muscular 
•nergy  for  one  aquarc  centimeter  of  a  frog's  muscle  ie  from  >.8  to  3  kilos;  for 
one  sqtuife  centimeter  of  human  muscle  from  ;  to  8  or  even  Iroin  g  to  lo  ldlo«. 
Ana!of[oua  figiirts  for  cruKtBC«Aiii  ore  from  i.S  to  3.1;  for  beetles  from  j.4  to  6.9; 
for  mussels  from  4.J  to  13.4  kilos.  The  transvcreo  section  of  the  muscles  tc«tvd 
ID  man  is  estimated  irom  cadavers  having  the  same  constitution  and  muscular 
development  as  the  person  under  observation. 

In  cwnfonnity  with  pruponition  3  il  i»  evident  that  a  inuKcle  ilurinK  cnntraction 
will  develop  the  greater  absolute  muscular  energy  the  more  it  is  extended  before 
contraction. 

5.  If  a  muscle  in  a  state  of  tetanic  contraction  maintains  a  weight 
in  an  elevated  position,  it  performs  no  work  during  the  time,  but  only  in 
the  act  of  elevation.  Nevertheless,  the  muscle  in  the  state  of  tetanus 
requires  continued  stimuli,  and  it  exhibits  metabolic  changes  and  fatigue. 
The  transformation  of  its  potential  energy  is  applied  to  the  generation 
of  beat. 

When  the  maximal  stimulus  is  applied,  a  muscle  is  not  capable  of  lifting  as 
heavy  a  weight  at  one  contraction  as  when  tetanic  stimulation  is  applied.  During 
tetanic  stimulation,  moreover,  the  muscle  develops  the  greater  energ)'  (even  as 
much  at  twice  the  ordinary)  the  more  frequent  the  stimulation,  as  has  been  ob- 
served with  increasing  frequency  up  to  10&  Kimuli  in  a  second. 

If  only  moderate  stimuli  that  do  not  excite  the  maximal  contraction 
are  applied  to  the  muscle  two  possibilities  present  themselves.  If  the 
feeble  stimulus  remains  constiint,  while  the  weight  changes,  the  amount 
of  work  performed  follows  the  same  law  that  is  operative  during  maxi- 
mal stimulation.  If  the  weight  remains  the  same,  while  the  strength 
of  the  stimulus  varies,  then,  according  lo  Pick,  the  height  to  which  the 
weight  is    raised  varies   in  direct  proportion  to  the  strength  of    the 

f  Stimulus. 
The  stimulus  that  sets  a  muscle  into  activity  must,  naturally,  attain  a  certain 
Strength  before  it  becomes  eilective — Untittat  ifUtntity  of  the  stimulus.  This  ia 
tnd^wident  of  the  weight  attached  to  the  muscle.  With  a  minimal  stimulus  a 
small  weight  is  raised  to  a  higher  level  than  a  large  one;  but  as  the  stimulus  is 
increased,  the  contractions  increase  in  greater  proportion  with  a  heavy  weight. 

A  contracting  muscle  is  capable  of  performing  considerably  more 
work  if  the  weight  to  be  lifted  is  attached  to  an  inert  mass  that  acts 
like  a  fly-wheel,  or  if  the  weight  is  si\'ung  to  a  considerable  height. 
Starke  was  able  almost  to  quadruple  the  work  corresponding  to  a  maxi- 
mal contraction  by  a  proper  selection  of  materials  for  this  purpose. 
Also  the  production  of  heat  is  increased  under  such  conditions,  although 
in  much  less  degree,  and  it  is  much  more  quickly  diminished  on  fatigue. 

If  the  resistance  apphed  to  prevent  the  movement  of  a  limb  whose  muscles, 
•trained  to  the  utmost  iIcktcc.  tic  suddenly  removed,  the  limb  will,  with  the  greatest 
^energy  and  rapidity,  assume  the  position  brought  about  by  the  muscles.     Such 
wringing  movements  arc  al>»crved  especially  in  grasshoppers,  leaping  beetles,  and 
cese-inites. 
Under  ipectal  conditions  a  muscle  may  perform  considerable  work  through 
increase  in  thickness. 
In  the  intact  body  the  vessels  of  a  muscle  dilate  during  muscular  contraction, 
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BO  that  the  amooitt  of  blood  circulating  thrmif^  it  is  increased.  Evidently  the 
vuodilator  nerve -I'ibcnt  contained  in  the  same  nerve-trunks  as  ibc  motor  nerves 
are  stimuliitrd  at  the  same  timr  ;i^  ttir  Lictirr 

In  estimating  the  absolute  muscular  enci^v  of  angle  muscles  or  groups  ol 
moades  in  man,  cl(«c  atlcnlion  should  always  uc  paid  to  the  physical  relationi, 
for  example  levcroffe,  cfiect*.  dirvction  of  the  tractton.  degree  of  ahorttfning.  and 
the  like. 

The  absniutc  energy  of  certain  groups  of  muscles  may  praetically  be  measttrvd 
readily  by  means  of  the  dynamometer.  This  is  construcied  in  pan  on  the  priDCjpIr  ' 
of  the  apt! ng- scales,  upon  which  the  pressure  or  jfull  of  the  muwrlefi  in  questiOf 
is  allowed  to  act.  Quetelet  has  determined  stntisticaliy  the  strength  of  certaiii 
fTTOups  of  muscles.  The  pressure  of  both  hands  in  man  equals  70  kilos.  The 
pall  amounts  to  double  cht&  weight.  The  sirenf^h  of  the  hands  of  a  woman  is 
about  one-third  less  Further,  a  man  can  r:irT>-  more  than  twice  his  own  weieht. 
a  woman  onlv  half  her  weights  boys  are  able  to  carrv  about  one-thini  more  tban 
girls. 

In  estimating  the  work  done  by  nun,  not  only  the  amount  of  work  he  ic 
able  to  perform  in  any  one  moment  uliotiUl  Ix-  taken  into  conaideration.  bnt  all 
the  numlwr  of  times  in  succession  he  can  perform  this  work.  In  accordance  wit 
practical  experience,  the  mean  value  of  the  daily  work  performed  by  a  man  ilurin 
eight  hours  artivtty  has  lieirn  emimated  al  from  6.3  to  10  (at  most  from  lo.J 
to  It)  kilogramme trrs  in  a  si'xrond.  hence  a  daily  usefulness  of  28A.000  (in  rouaa 
numbers  too, 000)  kilogrammctcrs  The  work  perfonncd  by  a  hone  in  a  Kcoad 
IK  asttunied  to  he  ;;  kilueTainmcters~^rj«-/vuvr  or  dyitanUc  {torsn. 

Thi»  average  performance  of  work  may,  it  is  true,  be  temporarily  iiM7rcai«d«| 
but  the  prganisni  then  requires  a  prolonged  rest  after  the  work  i«  done,  so  as  not' 
to  suffer  in  health  as  a  result  if  the  overexertion.     The  amount  of  work  performed 
in  watking  and  m  bicycling  i*  di<ccus!i«d  on  p.  595. 

Some  sul>slanci'«.  when  uiiruduced  into  the  body,  impair  and  eventually 
aboliah  muscular  activity:  for  example  mercury,  digiialin.  helleborin.  potaasium- 
salts.  apomorphin.  and  others.  Others  have  been  shown  to  incre.-ute  the  functional 
activity  of  musrtiliir  tissue;  fur  exiuniilc  caffcin  theobromin.  ^■eratrin,  muscarin 
in  small  doses,  glycogen,  kreatin,  and  hvpoxanthin;  extract  of  meat  likewise 
caucea  ra|>i(I  recover)-  of  the  muscles  after  faiij^ue. 

Unstriated  musrlcs  nrc  capalilc  of  performing  ii  great  amount  of 
work,  for  example  the  uiertis  during  labor,  the  craw  of  granivorous 
animals.  The  longitudinal  musculature  of  the  earth-worm  is  capable 
of  raising  more  than  1 5  kilos,  the  frog's  intestine  of  oven-oming  the  prcs- 
stire  of  a  column  of  water  of  i^  meters. 


THE  ELASTICITY  OF  PASSIVE  AND  ACTIVE  MUSCLE. 

MYOTONOMETRY. 

Preliminary   Physical   Cotisidcrations.^Fvrry  elastic   body   has  its   mifuraf 
jorm,  thaL  is  the  outer  ftirm  that  it  pos&ctiM:s  when  no  external  force  (traction  or 
proMure)  operates  upon  il      Thus,  the  passive  mu»ctc  also  ponesaes  a  natural  form, 
when  no  traction  or  pressure  is  exerted  u;><jn  it.     If  traction  in  a  longitudinal 
direetion  he  made  f>n  a  muftele  it*  connected  partn  mum  he  somewhat  separated 
from  one  anolhi-r,  and  the  natural  form  will  he  stretched  under  the  influence  of 
the  elastic  energy.     U  the  extending  force  be  removed,  tlic  elastic  body  will 
return  to  its  natiu-nl  form.     .\  body  is  Kaid  to  be  ctmtpttitly  floittc  if  it  rvtums 
entirely  to  its  natural  forni  after  the  tension  ceases.     By  awi^KKf  of  ttastictly 
(modulus)  is  meant  the  weight,  expressed  in  kilograms,  by  which  an  clastic  body 
having  a  croM-scction  of  one  square  raillimetcr  would  Ix^  .itretched  the  equivalent 
of  its  own  length,  pro\'id<d  it  did  not  prexnoualy  rupture,  as.  naturally,  often, 
it  does.     Kor  passive  muscle  this  equals  o,J7j*,  for  booc  i»94.  for  lendon  t. 66931. 
for  ncrvt-a  t.ogoj.  for  the  coats  of  the  arteries  a.0796.     The  amount  of  elacttCitvJ 
of  passive  muscle  t*.  thus,  small,  as  the  latUr  ^eldi  readily  to  tractile  forc«I;1 
henca  its  elasticitv  is  not  grrat.      The  .'or^eifHl  of  trla^^iuity  is  that  fraction  o#i| 
the  length  of  an  efastic  hodv  to  which  it  is  al  retched  bv  the  unit  of  weight  applied  r 
to  it-     This  is  large  for  muscle  al  rest.     When  the' traction  readies  a  certain' 
degrw  the  clastic  body  finally  raptures.     The  carrytng  copaeHy  of  muscular  tissue. 
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josl   short  of  tJie  point  of  rupture,  variei  for  youth,  middle  and  adruieeU  age 
«j>pTOxiniiit<;ly  in  the  prwptjrijorw  7  :  ^  :  j. 

In  the  ca&r  of  unorganized  cIrsIic  bodies  the  amount  of  extension  is  always 
diTccily  proponional  to  the  extending  weight.  In  that  of  organited  bodies, 
thercfun-  u1m>  ■'(  mu.tclv.  thi«  is  nut  the  cnvc,  liiiwtver,  as  with  continued  incrcoce 
in  wciKht  in  c<|iu>l  nmvunt  they  ^rc  GittcTtdcd  kss  and  tests  in  the  further  Gputw 
of  obsfrvatio"  than  at  first.  At  the  same  time,  they  may  for  days  or  even  weeks 
gMdually  undorRo  a  still  further  increaae  in  len{[:th  after  the  primary  extension, 
corresponding  to  the  cu^tended  wel)[lit,  has  been  attained,  if  the  launa  n-eight 
bv  continued.      This  is  designated  clastic  after-effect. 

The  elasticUy  of  passive  muscle  is  small  but  complete,  and  is  com- 
parable to  that  of  India  rubber.  The  muscle  can  he  greatly  elongated 
by  means  of  small  weights.  With  the  uniform  addition  of  further  units 
of  Weight,  uniform  extension,  however,  no  longer  takes  place,  but 
a  slighter  increase  in  length  corresponds  with  equal  increments  of 
weight  the  greater  the  load.  This  phenomenon  may  also  be  expressed 
as  follows;  the  amoimi  of  elasticity  of  passive  muscle  increases  with  its 
increased  extension. 

Method,— Fur  the  purpose  of  5tud>'iiig  elasticity,  the  muscle  i*  mnpeiided 
free  fnjm  a  .tuppHrt  provided  with  a  scale,  and  the  lower  extremity  is  loaded 
mcces«ivcly  with  difTcrcnt  weights  placed  in  a  small  attached  weighing-pan.  The 
rentlting  elongation  ii  tncasiired  in  each  instance.  To  conslrucl  a  etirv<  oj  elijngti- 
lion,  the  units  of  weight  added  successively  are  taken  as  ahfcissas.  and  the  lengths 
corresponding  to  each  load  as  ordiitates. '  The  (otlowmg  is  an  cxampie  (mm  the 
hyoglossus  of  the  ftug: 
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The  curve  of  elongation  ie  not  a  straight  line,  as  in  the  cjisc  of  unofganiswl 
bodies,  but  it  resembles  a  hyperbola  in  form.  The  stretched  muscle  has  a  sooie- 
wbat  eliminTKhf<1  vuluiTit^,  aKhuve  the  contracted  and  the  rigid  muscle. 

Muscles  pertnittcd  to  retain  their  connections  in  the  living  animal  with 
their  resscb  and  nerves  arc  more  extensible  than  excised  muscles.  Perfectly 
freah  niuadea  elongate  ax  lint  oroponionatcly  to  the  weight  if  ibe  increase  in 
the  Utt«r  be  uaifiroi  and  be  Kept  within  namnv  linvita,  therefore  liWe  uaor- 
ganiud  bodies.  U  the  weights  be  heavy  the  observations  arc  uot  madu  without 
cOAsidemtJon  of  the  elastic  after-effect. 

Dead,  and  especially  rigid,  mu^le  possesses  a  greater  elasticity  than  fresh, 
living  muscle:  that  it  a  greater  weight  ts  ret[uired  to  stretch  the  former  than  is 
needed  to  stretch  the  latter  to  the  same  length.  On  the  other  hand,  the  elas- 
ticity of  dead  muscle  is  less  complete,  that  is.  after  being  stretched,  it  regains  its 
natiira]  form  only  within  narrow  limits. 

tn  contradistinction  from  the  clastic  after- extension  of  muscle  whca  weighted, 
after  the  tension  has  becoioe  constant.  Blix  rccogniEes  an  a} ier -contraction  of 
raasclc,  wliich  comes  into  )>l«y  kftcr  removal  of  the  weight.  Further,  he  dift- 
tioguisbcs  an  ajifr-rttaxalio*!  in  muscle  that  has  been  stretched,  its  tension  in- 
creasing  with  the  iocrease  ia  length,  but  diminishing  when  the  length  lias  become 
constant:  and.  finally,  an  after-unsian  io  a  pre^-iously  stretched  muscle,  whose 
length  is  diminished,  ttie  previously  low  tension  again  increaaing,  when  the  length 
has  become  constant. 

In  the  intact  body  the  muscles  arc  already  stretched  to  a  slight  extent,  as 
indicated  by  the  moderate  retraction  that  usually  takes  place  when  the  muscular 
insertion  is  detached.  This  slight  degree  of  exiensiun  is  uf  Importance  with  the 
occurrence  of  contraction:  as  otherwise  the  muscle  would  first  have  to  contract, 
without  immediately  entering  into  activity,  bcfurc  it  could  exert  traction  upon 
the  buncc.     The  elasticity  of  the  muscles  becomes  evident  on  the  contractions  of 


574 


THE    ELASTICITY    OP  PASSIVE  AMD   ACTIVE   MUSCLE. 


its  aaUgoniits.'   Th«  position  of  a  passive  limb  depends  upon  the  resultant  of 
the  elastic  traction  of  the  various  muscte-groups. 

The  elasticity  of  active  muscU  is  diminished  as  compared  with  that  Of 
passive  muscle;  that  is  it  is  lengthened  hythe  same  weight  to  a  greater 
extent  than  is  resting  miisele.  For  this  reason  active  muscle  is  softer, 
as  can  be  demonstrated  in  an  excised,  contracted  muscle.  The  appar- 
ently  increased  hardness  of  tense,  contracted  muscles  is  due  only  to  tbeirj 
tension.  When  an  active  muscie  becomes  fatigued,  its  elasticity  is  still 
further  dimiTiishcd.  During  the  latent  period,  in  which  the  develop- 
ment of  electrical  phenomena  and  of  heat  points  to  metaboHc  activity  ia 
the  muscle,  no  change  in  elasticity  has  as  yet  been  demonstrated. 

Method.— Ed.  Weber  made  Dh»ervatiuns  in  the  following  tiumner  The  hyo- 
{;1o»u»  rniiscic  nf  the  frofi  was  suEpendcd  vertically,  and  its  length  was  measured 
in  the  passive  »tatc.  The  muscle  was  ihcn  tcianized  by  induction-shocks  and 
agiiin  measured.  Progrcit&ivcly  iiicreuiing  weights  were  then  attached  to  h,  in 
succession,  and  the  amcnint  of  stretchinfc  of  the  passive  and  then  the  IcDRth 
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of  the  tctanized  muscle  (supporting  the  same  wcizht)  ascertained.  The  extent 
to  vrihich  the  active,  weighted  muK-le  contracted  from  the  passive,  wcig}ited 
conditton  is  termed  the  h^tghl  af  th«  lift.  This  becomes  stcudTly  leas  as  the  frciKhe 
increases,  until  linally  the  heavily  weighted,  tctaniicd  muscle  can  no  longer  c«(t- ' 
tract:  that  ia  the  height  of  the  lift  ia  Kcro.  Indeed,  if  the  weight  be  exeeedin^^ 
Tieivy  it  mav  happen  that  the  muscle,  when  stimulated,  not  only  can  eontnet 
no  further,  but  it  may  even  elongnU-.  According  to  Wundt,  however,  the  elas- 
ticity of  the  muscle  does  not  change  untler  such  conditions.  In  these  observationa 
the  length  of  the  active,  weighted  muscle  is  equal  to  the  length  of  ibc  equally 
wet^ted.  passive  muscle,  minus  the  height  of  the  lift. 

Tracings  of  the  length-curves  rwonled  by  pasMvc  or  contracting  musck 
Stretched  by  weights  can  l>c  conveniently  made  by  means  oi  the  apparatus  o( 
Blix.  as  aliown  in  FIk-  :q3.  The  rectangular  piece  (.A  B  C)  is  movable  hori- 
zontally between  two  stnps  (R  R!,  To  the  vertical  portion  of  the  former  Is 
attached  the  freely  suspended  muscle  <m),  which  is  connected  with  the  wniuig- 
lever  fS  S),  the  latter  being  attached  to  the  horiiomal  portion  near  C  by  means 
o(  a  hinge-joinl.  The  wHtTng-lever  is  provided  with  a  small  movable  rod  (d  d). 
(rom  which  a  weight  is  suspended.  When  the  reolangular  piece  (A  B  C)  ia 
moved  in  the  direction  of  the  arrow,  the  weighted  rod  (d  d)  more  cUwcly  ap- 
proaches the  muscle,  which  thus  becomes  constantly  more  and  more  heavily 

Vith  the  ratificle  at  rest  (ml  the  curve  o  a  b  c  e  is  first  recorded  by  means 
of  the  displacement  dcacnbcd.     Then  a  similar  curve  is  recorded  while  ihr  muscle 
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is  tetanizcd  <M)  by  electrical  stimulation:  and  the  curve  h  i  k  te  thus  traced. 
With  the  itid  oi  the  appuratua  both  the  extensioa-curx-e  with  increwinc  xeisht 
and  the  contraction -curve  with  dimmUhinf^  weight  con  be  recorded.  Bote  curves 
are  necpssarii y  analogous,  except  that  their  fonr  ib  rcvereod. 

The  elaatitfity  of  muscle  may  also  be  measuffd  by  its  rate  of  oscillation  when 
twisted  about  its  longitudinal  axis.  Kaiser  found  that  the  ehutieity  nf  active 
muscle  depends  upon  its  Itruf^h  at  the  time.  It  is  Irast  whra  the  muscle  has 
the  same  length  in  the  active  as  in  the  passive  state.  If  shortening  occurs  in 
a  muscle  stretched  by  a  weight,  its  elasticity  is  diminislied.  and  thix  reaches  its 
minimum  when  the  mti.-^:!*  becomes  of  the  same  length  iw  the  pjuisivc,  unweighted 
muscle.     Jf  the  active  muscle  contracts  still  {urthci.  its  elasticity  increases. 

Under  tba  intiuencc  of  certain  ffUons  the  elasticity  of  the  muscles  is  altered 
ta  a  result  of  changes  in  the  condition  ol  the  contractile  substance.  Potassium 
causes  shortening  of  the  muscle,  with  simtiltancous  increase  in  its  elasticity. 
Digitalin   causes  elongation  of  the   muscle,    together  with   increased  elasttcity. 


renders  the  muscles  less  extensible,  but 


Physostigmin  also  increases  the  elasticity,  while  verairin  diminishes  it  and  inter- 
feres with  Its  cuinpletenesa.     Tannic  acid  r 
more  elastic. 

Liptiion  of  tlie  vessels  causes  first  a  diminution,  and  later  an  increase  in  the 
elasticity.  5*paraliou  of  the  nurvts  from  the  muscle  rejults  in  a  diminxition  of  the 
elasticity.  The  influence  of  lofnperaluft  on  the  cxtcnsibitity  is  as  follows:  As  the 
temperature  increases — from  o"  to  jo^— the  muscle  elongates,  as  its  extensibility 
increases.  The  increase  in  length  is  proportional  to  the  loud.  At  34°  contraction 
occurs  ai  a  result  of  the  tberraal  stimulation;  above  47*  the  muscle-proteid 
coagulates. 

Uns\riattd  muulet  possess  an  exceedingly  small  amount  of  elasticity;  at  the 
same  time  the  elastic  alter-eSecI  lasts  muui  longer,  and  immediately  follows  the 
primary  stretching.  Filirotis  connective  tmswe  j»iKsesse«  the  greatest  elasticity, 
clastic  tissue  less,  and  unstriatcd  muscular  tissue  the  least.  The  elasticity  of  a 
complex  i>rgan.  made  up  of  ibc&c  tissues,  depends,  accordingly,  upon  the  relative 
abundance  of  these  elements. 

As  a  rnult  of  his  experiments  Edward  Weber  has  reached  the  following  con- 
clusions as  to  the  nature  of  the  contractile  energy  of  muscle.  He  assumes  the 
existence  of  two  state*  in  museular  tissue— the  passive  and  the  active.  Each  of 
these  is  eharacteriied  by  a  special  natural  form,  The  passive  muscle  eoesesses 
the  longer,  thinner  form;  the  active  musck-  the  slioner,  thicker  form.  Both  the 
active  and  the  passive  muscle  tend  to  maintain  their  respective  form.  If.  now, 
the  passive  muscle  be  thrown  into  activity,  the  passive  form  suddenly  chanras 
into  the  active  form,  by  virtue  of  its  clastic  energy.  It  is  this  latter  that  is  capaUe 
of  performing  the  work  of  the  muscle.  Schwann  has  already  alluded  to  the  simt- 
lantj-  between  the  enero-  of  an  active  muscle  and  that  of  a  long,  clastic,  tense  spiral 
spring.  Both  arc  able  to  lift  the  greatest  weight  only  from  the  form  in  wtiich 
they  are  most  stretched.  The  greater  the  shortening  they  have  already  undergone, 
the  smaller  is  the  weight  that  tney  are  further  able  to  raise. 

Observations  on  elasticity  can  also  be  made  on  the  muscl'cs  nf  living  human 
beings.  Under  such  circuniBtances.  however,  not  alone  the  simple  physical  law 
of  elongation  is  to  be  taken  into  consideration,  for  the  elongation  at  the  same 
time  causes  in  tlie  muscle  changes  in  its  irritaliihty  and  in  th*^  bluod-suppty,  as 
well  as  direct  or  trflcx  siimnli,  all  of  which  must  necessarily  modify  its  extensi- 
bility. If  the  cxircmiiv  of  the  foot  in  man  be  raised  vertically  by  means  of  a 
cord  pasaiug  over  a  pulley  and  having  weights  attached  to  it.  tlie  mu«:les  of 
the  calf  will  be  stretched.  Mosso  ana  Bvncdiccnti  found  that,  as  the  weight 
increased,  the  muscles  became  longer  at  the  same  or  at  an  increasing  rate,  if 
the  weicht  were  continuous  And  increiwing.  If,  however,  the  muscle  is  completely 
released,  before  the  new.  heavier  weight  is  applied,  then  the  length  of  the  stretched 
muscle  diminishes  as  the  weight  is  mcreascd.  Further,  th*  curve  of  elongation 
exhibits  individual  dIClerences:  it  exhibits  fluctuations  in  association  with  the 
respiratory  curves:  it  may  exhibit  after-extensions  and  after>contraciions:  it 
changes  with  frequent  repetition,  with  heal  and  cold.  Strong,  sudden  stretching, 
and  previous  voluntary  contraction  and  fatigue  likewise  have  an  eficct.  Investi- 
gations of  this  son  arc  designated  myMtuH^mttry, 
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HEAT-PRODUCTION  IN  ACTIVE  MUSCLE. 

H*tbod.~ThL-  tiK-iv;»Mil  iviti;.'vm litre  o£  li  iuumIu  duhag  conUaction  may  be 
tietermiitcd  either  bv  mcnn*  of  ^olicato  theroionveten  intrwhicetl  bct«'ccn  the 
mnscl«s,  or  thermo-oifictncAllv.  Thr  pA£sivo  must'lc  on  the  cifvpositc  side  of  tho 
body,  or  the  blood  wjtbin  a  vtin,  wil!  scr\'e  (or  purpvoscs  of  comparison.  Aa  the- 
resistance  to  conduction  in  luetnls  (iilaiiiium  wire,  lead  &tnpii>  is  it»;r«i»ed  by 
Lent.  th«  ohsen'ation  mxy  also  be  iiuuJv  in  this  w%y. 

After  Bunzen.  in  1805.  Iiaii  observed  the  development  of  heat  during 
muscular  activity,  v.  Helmholtz  demonstrated  in  1848  that  also  ex- 
cised frogs"  muscles,  teiaiiized  for  two  or  three  minutes,  exhibit  a  rise 
in  temperature  of  from  0.14'  too. 18"  C.  R.  Hetdenhain  even  succeeded 
by  tbermo-electrical  meanii  in  demonstrating  an  increase  in  temperature 
of  from  o.oot*  to  o.ooj"  C.  for  each  individual  contraction.  A  similar 
condition  exists  in  the  beating  heart,  whose  temperature  rises  with  each 
systole.  The  production  of  heat  in  the  muscle  exhibits  a  latent  stage, 
which  is,  however,  of  shorter  duration  than  the  latent  penod  of  move- 
ment. 

A  cmtTBcHnn  of  r  frog's  intisclo.wvijcbini!  one  irram.  will  prxiduci-  an  Amount 
of  heat  ctjual  to  abouc  three  microcalorics.  which  will  raise  the  tcmperamro  ot 
thnx  milligramit  of  water  from  o'  to  1 "  C. 

The  following  facts  have  been  ascertained  concerning  heat-produc- 
tion: 

t.  It  bt-ars  a  relation  w  the  amount  of  work  fvrformed.  (a)  If  the 
mtiscle  during  contraaion  carries  a  weight  that  during  re^t  extends 
it  again,  it  performs  no  work  that  is  communicated  externally.  All 
of  the  transformed,  chemical,  potential  energy  is,  therefore,  converted 
into  heat  during  this  movement.  Under  these  conditions  the  genera- 
tion of  heat  corresponds  with  the  activity:  that  is  it  increases  at  first 
with  the  weight  and  the  height  of  the  lift  to  the  maximum  point ,  and  then, 
as  the  weight  !.■>  further  increased,  the  generation  of  heat  diminishes.  The 
heat-maximum,  however,  is  attained  with  a  smaller  weight  than  the 
maximum  of  work. 

(6)  If  the  muscle  at  the  height  of  its  contraction  is  relieved  of  its 
weight,  then  it  will  have  performed  some  active  work  communicated 
externally.  Under  such  circumstances  the  amount  of  heat  generated  is 
less  than  in  the  previous  case:  and.  indeed,  the  amount  of  work  performed 
and  the  lesser  amount  of  heat  evolved,  are  the  same  in  accordance  with 
the  law  of  the  conservation  o(  energy. 

(c)  If  the  same  amount  nf  work  is  performed  in  the  one  case  by  many 
small  contractions,  and  in  the  other  by  fewer  but  larger  contractions, 
the  amount  of  heal  generated  is  greater  iu  the  lalter  instance.  This  fact 
indicates  that  large  contractions  are  attended  with  a  relatively  greater 
metabolism  than  smaller  ones,  and  experience  is  in  accordance  with  it. 
Thus,  the  ascent  of  a  tower  by  steps  with  a  high  tread  causes  much  more 
fatigue  (that  is  requires  more  metabolism)  than  ascent  by  steps  with  a 
low  tread. 

(d)  If  a  wei^fhled  nmscle  executes  single  contractions  in  succession, 
by  means  of  which  it  performs  work,  the  amount  of  heat  thus  generated 
is  greater  than  if  it  carries  the  weight  constantly  in  tetanic  contraction. 
The  transition  of  the  muscle  into  the  shortened  form  thus  develop*  a 
greater  amount  of  heat  than  the  maintenance  of  that  form.    Also  sum- 
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mated  contractions  are.  accordingly,  attended  with  the  generation  of  a 
smaller  amount  of  lieat  llian  corrosijoiids  to  that  developed  by  two  single 
successive  contractions. 

As  the  Ktiinuliiii  becomes  stronger,  livat-producUou  increafcs,  in  the  ease  of 
isometric  «<jn tract itjtw  proportionately  to  the  degree  of  tcasion;  that  of  isotonic 
contractions  at  first  mnre  rapidly  tlian  the  height  o(  the  lift,  but  with  strong 
stimuli  proportional  el  J*  to  ihi;  latter  E^i■en  if  the  height  of  ihp  lift,  the  strength 
of  tln^  Mtmiiilui,  iind  thf  teiiaion  of  the  coiitr.iciins  imiiclt  rL^!lain  the  same  dunng 
aucccssivr  CftntTRctiuns  the  muscle  ncvt-rihelpss  gi'nt?ra[iTs  nwiv  heat  during  the 
Stst  than  during  the  following  comraciions.  The  amount  of  heat  genera  ted  also 
dependu  upon  ibc  character  of  the  stimulus  employed;  thus,  a  muscle  tetanized 
by  slow  shocld  iccncrates  more  heat  than  one  contracted  by  rapid  shocks. 

a.  Tllc  dnvlopHieni  oj  tttat  depends  upon  Otc  tension  of  tSte  muscle;  it 
increases  with  increase  in  tension.  If  the  muscle  be  prevented  from  con* 
tracting  by  fixation  of  its  extremities,  the  maximum  of  heat -prod  action 
takes  place  during  stimulation,  and  the  more  quickly  the  more  rapidly 
the  stimuli  succeed  one  another.  Such  a  condition  arises  during  tetanus, 
in  which  the  violently  contracted  muscles  mutually  oppose  each  other, 
Therefore,  a  marked  development  of  heat  has  been  obser\'ed  in  con- 
nection with  this  disease.  Dogs  thrown  into  a  state  of  continuous 
tetanus  I>y  electrical  stimulation  or  by  the  induction  of  sj>aBm  die  in 
consequence  of  elevation  of  their  bodily  temperature  to  a  fatal  height 
(44*  or  45*  C).  This  large  production  of  heat  is  attended  with  a  cnn- 
siderable  degree  of  acidity  and  the  formation  of  alcoholic  extractives 
in  the  muscular  tissue. 

In  the  C«:tc  of  iM^meinc  tetanu.'i  the  inetal'oltma  anil  heat-prMluctiun  increase 
more  rapidly  than  the  tension  as  the  stimulus  becomes  stToncer.  The  cunlinuous 
in^iteoancc  of  tension  in  the  muscle  on  tliu  one  haud,  as  well  as  the  contraction 
of  the  ibuktIc  with  a  small  itniount  of  work  without  considerable  tension,  never- 
theless rc<|uires  only  relatively  little  mclfthojiim  for  thi-  generation  of  hcnt,  as 
compared  with  the  worV,  which  ia  es»enti«lly  proportional  to  the  consumption  of 
comDuslible  material.  If  the  stimulated  rausele  be  *o  lixed  thai  it  cannot  con- 
tract, and  if  it  then  bv  relestsing  its  lower  extrt-mity  hv.  iiermitted  to  cirtitraet 
and  lift  a  wetKht,  an  aifditional  amount  of  chemical  potential  energv"  will  be  trans* 
formed  for  the  performance  of  this  latter  task. 

3.  Heat -production  diminishes  n.s  fatigue  increases,  and  it  again  in- 
creases during  recovery.  The  muscle  becomes  fatigued  earlier  in  its 
production  of  heat  than  in  its  performance  of  work. 

4.  In  a  muscle  nontially  supplied  with  cirL-ulating  blood  the  produc- 
tion of  heat,  and  also  the  mechanical  performance  of  work,  takes  place 
much  more  energetically  than  in  a  muscle  whose  circulation  is  inter- 
rupted. Recovery  following  fatigue  also  takes  place  under  such  con- 
ditions more  rapidly  and  completely. 

The  total  amount  of  work  and  heal  in  a  muscle  must  always  he  ei]uivalcnt  to 
thetransformatiooof  a  ef"'rrc«[-.oriding  amount '-'f  chemical  potential  energy  Of  this 
the  portion  that  is  traiisfonutd  111(0  work  will  I>c  the  laT|j;cr  the  j;reater  the  f<'rcc  that 
is  ctppnmA  ai  s.  result  of  thi-  conir-ictii^n  c,i  the  mtisele.  In  the  latttr  event  this 
pquals  about  one-fmirth  of  the  iran&fiinmfd  potential  encrgj".  If  the  n'si&lance  1m- 
less.  the  work  performed  is  a  smaller  fraction  of  the  translormed  potential  energ>'. 

At  a  hijih  tempera  lure,  therefore  pmbably  in  the  febrile  state,  muscle  ex  hi  hit  a 
^aler  mci«lK>li»m  for  the  t'«meratioii  of  Increased  amounts  of  heal,  without 
increase  in  ihc  work  performed. 

In  man,  the  production  of  heat  in  muscles  made  to  contract  by  electrical 
stiiaulation  can  be  appreciated  through  the  »kin.  It  wu  observed  by  Landiiis 
alio  when  voluntary  movements  were  executed.  Venous  blood  flowing  from 
a  eontracting  muscle  aeiuires  a  higher  temperature  thaa  the  arterial  blood— by 
as  much  as  e  6°  C. — as  a  remit  of  energetic  action. 
J7 
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The  9tAtem«nt  made  by  some  that  a  ri«e  in  teimH-Kiture,  Amounting  to  about 
,^*  C..  occurs  also  in  il  nerve  in  nction  is  c]i:ni«]  by  othure:  hut  an  increate  '"' 
temperature  dws  occur  in  a  nt-rvc  in  process  of  degeneration. 

5-  As  the  muscle  is  an  elastic  body,  thermal  piteiiomeim  will  occur  in 
it  as  a  result  of  purely  pliy^cal  influences,  as  in  inanimate,  elastic  bodies, 
such  as  India  rublier.  Thus,  heat  is  set  free  on  stretching  living  or  dead 
musclr;  and.  conversely,  the  temperature  of  the  muscle  falls  on  elastic 
ghortening. 

THE  MUSCLE-MURMUR. 

If  a  contracted  muscle  he  at  the  same  time  maintained  in  a  state  of 
tension  by  the  afijilication  of  resistance  to  it .  a  sound  or  murmur  will 
be  audible,  arising  from  intermittent  variations  in  tension  within  the 
musrlc- 

Metbod.  —For  purposes  of  obsi-rvaiion.  auscultaiton  is  practised  tithcr  by 
means  i^  the  ear  sjjptivd  dirccLlv.  or  with  tlii;  aid  uf  a  6lcthi)ec(ipc.  aver  a  tctani- 
CEllly  contracted  muficle  in  imolhcT  person.  Some  indi^-iduals  are  able  to  apprc 
ciatc  the  murmurs  of  tbeir  o^^  muirClo  of  nuutication  on  closing  ihc  external 
auditory  c&nals,  &nd  pre«sing  the  jaws  forcibly  together. 

If  one  cxtiTnal  auditory  canal  be  closed,  and  into  the  othtr  there  be  infterted 
a  small  rod  from  the  end  of  which  is  suspended  a  teinniited.  weighted  frtig's  muecle. 
the  sound  nf  this  ieolated  muscle  can  l»e  rradiiy  heard. 

If  the  contracting  muscle  is  attached  to  an  clastic  spring,  whose  rite  of  \'itmf 
tion  can  be  varied,  and  if  the  rate  of  vibration  m  itctcnniiied  that  munt  )>e  im- 
parted to  the  spring  in  onScr  that  it  shall  W  encrKCtically  set  into  vibration  by 
the  Mjundin)^  muscle,  the  rate  of  vibration  of  i;iie  inusclc-&ound  can  be  rvadilv  dtlcr- 
miiiird  fur  tuch  cjinv  after  a  few  trials.  A  \tTit in g -style  may  Iw  fastened  to  the 
tip  of  the  vibrating  spnnj:,  and  record  the  vibrations  upon  a  smoked  surface. 

A  niuscli;,  thrown  into  contraction  bv  the  will.  vil>rate*  from  19.5  to  ao 
times  n  second.  The  deep  tone  corresponding  to  such  a  smalt  number  of  \nbnc 
tiona  is,  however,  not  audible,  but  llie  lirsi  overtone,  currejijmndinp  to  twie* 
this  number,  is  heard  The  sound  has  the  mmo  rate  of  vibration  n-h*-Ti  the  musclB] 
IB  contracted  in  animals,  by  stimulation  of  the  sFnnal  cord,  and  also  wlieu  the 
motor  rerve  of  a  muacle  it  irritated  by  chemical  mcanii  If,  however,  the  motor 
center  in  the  cerebral  cortex  be  stimulated,  the  contraetinK  muscLc  will  geneniie 
H  lone  tlmi  is  the  liighcr  the  stronger  the  stimiUus. 

If  u  letani/.ini;  mduccd  currciu  be  applied  to  the  muscle  (also  in  man),  the 
rate  of  vibration  of  the  mujcular  sound  corresponds  exactly  with  the  rate  of 
vibration  of  the  sphng-lmmmer  in  the  induc-t  inn -apparatus.  The  »ound  can. 
therefore,  be  raised  or  lowered  hy  changing  the  tension  of  the  spring, 

Lovfn  fmind  that  the  muscle -sound  is  relatively  the  strangest  when  the 
weakest  current  is  empluyid  that  will  induce  lelanuK  The  sound  will  then  ha%-e 
the  vibration -rate  of  the  next  Unrer  octave  As  the  current  is  increased  in  strength, 
the  muscle-sound  disappears,  and  with  a  strong  current  it  reapi-^rars  with  the 
same  rate  of  vibration  an  that  of  the  interrupter  of  the  indiirlion-apiuinitus. 

If  the  induction-shocks  an-  sent  ihniUKh  the  nerve,  the  sound  is  not  so  loud. 
l>ut  olhcrwjac  it  is  of  tin;  same  vibruton,'  duration.  ]i\  means  of  rapid  induction- 
shocks  sounds  have  bven  produced  up  to  704  and  1000  vibrations  in  a  second. 

The  first  «ound  of  the  heart  is  m  |ia,rt  a  mujsele-sr.und. 

Landois.  in   "^yj.  ''r«t  reported  ine  oh*cr%'ation  that  the  nimblCtig  murmumj 
emitted  by  manv  fish  (Cottus.  sea- scorpion)  are  due  to  the  loud  sounds  generated 
by  the  spounmlieally  contracted   muicles  of  tlie  shoulder-girdle,  and  still  fur- 
ther   intensified    by 'the    resonance    o(    their    large    i>ri>pharynKeal    cavity    sur- 
rounded by  a  lirm  bony  frnmework.      !fc  found  at  that  time  that  ex'cn  a  singts« 
inducti'in-ihock  that  cAcitcd  the  muscles  was  atile  to  generate  tl>e  muKle-tound-] 
Herroun,  Yeo.  and  MacWilltam  also  noted  a  like  condituin  in  the  contracting  amwi 
cles  [if  man.     It  must,  accordingly,  be  considered  as  doubtful  whether  the  muscle*'; 
sound  Ciin  be  resarded  as  (.-videiice  that  tetanus  is  made  iip  of  a  Mi-ict  of  tluctua- 
tiont  in  the  density  of  the  muscle,     .\ccording  to   Bcmsicin,  tlic  sound  heard 
during   contraction    occurs   in    the    Intent    ponod,     Hcnee.   the   cause   of    the 
muscle-sound  is  not  to  be  sought  in  a  displacomant  ot  the  mass  of  the  rausele. 
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which  is  Mationar}'  dutiiig  tbe  laicnt  stage,  but  in  molecular  processes  that  arr 
responsible  also  for  the  proceaa  of  negutive  variHlion  in  the  current. 


FATIGUE  OF  MUSCLE. 

The  tenn  fatiguf  is  applied  to  that  condition  of  iliniinisiied  functional 
capacity  in  which  the  muRcle  is  placed  as  a  result  of  prolftnged  activity. 
This  condition  is  rccojfniccd  during  life  Iiy  a  peculiar  sensory  perception 
localized  in  the  muscles.  In  the  intact  body  the  fatigued  iim^icle  is 
capable  of  reccv^ry,  as  is  also  the  excised  muscle  to  &  slight  degree.  A 
muscle  is  more  readily  fatigued  lh;iii  its  motor  nerve. 

The  causae  of  fatigue  is  the  accumulation  in  the  muscular  tissue  of  the 
products  of  iactaI)o!ism,/j/Jg((*-i'(Jc/iVj.  that  arc  formed  as  a  result  of  mus- 
cular activity.  Among  these  products  are :  pluisphoric  acid ,  free  or  com- 
bined in  acid  sails;  acid  potassium  phosphate;  glycerin-phosphoric 
acid(?):  andcarhondioxid.  The  accuracy  of  the  foregoing  explanation  is 
indicated  by  the  fact  that  the  fatigued  muscle  becomes  again  more  capa- 
ble of  activity  if  the  substances  named  are  washed  away  by  the  passage 
of  3  normal  solution  (0.6  per  cent.)  of  sodium  chlorJd  or  of  a  weak  solu- 
tion of  sodium  carbonate  through  the  blood-vessels  of  the  muscle.  The 
consumption  of  oxygen  on  the  part  of  tbe  active  muscle  also  promotes 
fatigue;  for  the  passage  of  arterial  (but  not  venous)  blood  through  the 
vessels  removes  the  fatigue  by  re|jlacing  substances  that  have  been  con- 
sumed by  the  muscle.  Conversely,  a  muscle  that  is  capable  of  activity 
may  be  rapidly  fatigued  by  the  injection  of  dilute  pli'osphoric  acid,  acid 
potassium  phosphate,  or  dissolved  meat-extract  into  its  vessels.  An 
animal  may  be  fatigued  also  by  the  transfusion  of  blood  from  a  com- 
pletely fatigued  animal.  A  m^iscle  fatigued  by  work  ab.';arbs  less  oxy- 
gen while  in  this  condition,  and  it  also  generates  only  a  small  additional 
amount  of  acid  and  of  carbon  dioxid.  The  activity  that  gave  rise  to 
fatigue  has  thus  induced  considerable  metabolic  activity  in  the  muscle. 

Thc  fatigued  muscle  requires  a  stronger  stimulus  than  the  fresh 
muscle  in  order  to  perform  the  same  amount  of  work,  that  is,  to  lift  a 
weight  the  same  distance.  The  fatigued  muscle  is  no  longer  able  to  raise 
heavy  weights;  its  absolute  muscular  energy  is  therefore  diminished, 
li  the  muscle  is  loaded  with  the  same  weight  throughout  the  experiment, 
and  if  the  stimtdus  is  a  maximal  one  (strong  induced  opening  shock), 
then,  from  one  contraction  to  the  other,  the  height  of  the  Hft  steadily 
diminishes  by  a  constant  fraction  of  the  shortening.  The  fatigue-trac- 
ing is,  thus,  a  straight  hnc.  The  more  raj^idly  the  contractions  follow 
one  another,  the  more  marked  is  this  diminution  in  the  height  of 
the  lift,  and  conversely.  The  excised  muscle  becomes  fatigued  to  the 
point  of  exhaustion  after  a  certain  number  of  contractions.  Under 
such  circumstances  it  is  a  m.itter  of  indifference  whether  the  stimuli 
follow  one  another  in  rapid  or  in  slow  succession.  Analogous  conditions 
arc  also  observed  in  connection  with  submaximal  stimuli. 

The  fatigued  muscle  requires,  further,  a  longer  period  of  time  for  its 
contraction,  wliich.  therefore,  takes  place  more  sluggishly.  Finally, 
tbe  period  of  latent  stimulation  is  also  lengthened  in  a  state  of  fatigue, 
Tbe  fatigued  muscle  is  said  to  be  more  extensible. 

If  the  muscle  is  loaded  with  a  weight  so  heavy  that  it  cannot  be 
lifted  at  all  wlien  contraction  takes  place,  the  muscle,  nevertheless,  be- 
comes fatigued,  and,  indeed,  in  a  still  higher  degree  tlian  if  it  were  able 
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to  lift  the  weight.    The  metabolism  and  the  fonnaiion  of  ncid  are,  thas, 
greater  in  a  slimulatcd   muscle  maintained   in  an  extended  position 
than  in  one  that  contracts  when  siimulaled.     If  a  muscle  loaded  with 
no  weight  is  made  to  conlract  by  stimulation,  it  becomes  fatigued  but 
gradually.     If  the  muscle  is  weighted  only  during  the  contraction,  but, 
not  during  theextension.it  tires  more  slowly  than  if  it  were  continuousl] _ 
weighted;  as  it  <loes  also  if  it  is  required  to  lift  its  weight  only  in  the" 
course  of  its  contraction,  instead  of  raising  it  at  once  at  the  beginning  of 
the  contraction.     The  suspension  of  weights  from  a  muscle  that  is  con- 
tinually at  rest  does  not  cause  fatigue. 

If  the  arteries  ot  a  wami-btondeil  animal  ore  liga ted,  complete  fatigue  will 
result  afier  from  no  to  no  coiilruclioniit.  in  (rwm  Iwo  i<i  fottr  mintites.  on  irritatjon 
of  the  m-rvc.  Din-ct  irritation  of  the  muscle,  however,  will  still  be  able  to  cxciic 
an  additional  series  of  contractioDfl.  Thefati^c-lracingsiiibothcaacsarestraighL 
lines. 

If  the  circulation  in  the  tnuscl«s  of  a  wann-bloodcd  animal  be  uniaCcmiptcd, 
the  contractions  first  increase  in  height, anil  then  diminish, to  pursue  a  atraigl*^' 
line  on  stimtilaiion  of  the  nerve.     Ace ':>rdiii gly   it  h  found  in  persons  that  hai 
used  Iheir  mu.-iL'lei  to  the  point  of  fatigue  that  the  muscles  and  their  nerve«" 
respotiil  intirc-  .'icuvcly  to  galvanic  and  fnraJic  stinitilntion  in  the  Ijeijinning,  but 
to  a  steadily  diuiinishing  degree  in  the  further  course  of  ttte  work. 

Novi  has  demonstrated  with  greater  detail  the  course  of  the  contraction  tu 
the  point  of  fati{;ue.  According  to  hiin,  the  isolated  muscle  stimulated  to  the 
point  of  fatigue  exhibits  several  phiiscs  in  it£  action.  The  tint  phoac  exhibits 
period  in  which  the  contractions  occur  rapidly  and  incrtaiic  in  h£c  — an  indicauu 
that  the  repetition  o(  the  slimuluii  causes  an  increase  in  the  iirilubilily  of  the' 
muscle.  In  the  second  phase,  of  longer  duration,  the  rapidity  of  the  contractiofM 
is  maintained,  but  their  height  ditninishcts — a  sign  that  the  imiabiltty  of  the 
muscle  is  now  decreasing,  Tne  third  phase,  again  shorter,  i-mbracvs  contractions 
uf  slower  ci»in;e.  the  height  reiiLitning  unchan^efl.  In  a  f ain't h  phase  the  cnn- 
tractions  become  still  slower,  but  again  increase  in  height  Finally  the  lillh  phase 
exhibits  uniform  diminution  in  the  bciglit  of  the  contraction*  and  increase  iit 
their  duration,  until  ejchausiioa  occurs.  Only  this  last  phase  corresponds  to 
I&onecker's  law. 

According  to  v,  Kries  a  fatigued  muscle  tetaniicd  in  maximum  decree  bvhavcs 
like  a  fresh  inuaclc  tetatiised  in  submaxiniuni  degrt-c.  Both  exhibit  ah  inconi- 
plctt  transition  from  tho  pastive  to  the  active  state. 

Recovery  from  the  condition  of  fatigue  may  be  brought  about  by  the 
passage  of  a  constant  galvanic  current  through  the  entire  length  of  the 
muscle,  likewise  by  the  injection  of  fresli  arterial  blood  into  its  vessels,, 
or  of  small  doses  of  veratrin. 

Relatively  small  nmouius  of  sugar  (jo  grams)  increase  the  muscular  encrey. 
Cocoa,  eoflee.  tea,  und  other  tubstances  exert  a  stitnulating  inHuence  on  muscular 
activity. 

Amon2  the  poisoiis.  cur,ire  and  the  put rvfoctivn- toxins  (ptocoaias)  cauae  the 
fatigue ■cur\'c  to  puntuu  an  irrc-Kular  course. 

A.  Mosso  and  Mnggtora  made  observations  on  lixnng  persons,  by  having  a  weight 
lifted  by  the  flexors  o?  the  middle  finger,  with  the  arm  in  a  tixed  fxwitiun.  Uo4t~ 
found  that  the  muscle  tires  sooner  when  stimulated  directly  tliim  when  excite 
indirectly  through  its  nerve.  Only  for  medium  weights  is  the  fatiKut-tracmg  i 
Straight  line:  (or  snmili-r  weights  it  is  S'shaped,  and  for  larger  ones  hyperl>oiic. 
If  a  tetaniung.  cleetrital  slntiuluK  l)c  continued  until  the  raub^iilar  powtr  is  ex- 
hausted, theif  will  still  l>e  Wl  in  the  maicic  a  rcfidue  of  cnerjo'  that  can  be  utiliwd 
by  the  will,  and.  conversely,  a  muscle  finally  e.\hauilcd  by  voluntary  conlraclioni 
can  still  perform  some  work  when  impelled  by  an  electrical  »timulu«.  If  both 
forms  of  excitation  be  eniiilovcd  in  immediate  successi'.n.  rhey  will  exhaust  the 
muscle  complewly.  Mental  c'xwtion  diminwhes  the  muscular  energy  in  a  inarkrd 
degree,  as  do  likewise  hunger  and  high  lemperaturc.  ospcciaUy  in  conjunction  wii 
marked  humidity  and  diminution  of  atmosphenn  prcwure;  also  local  artificii 
clevatloo  or  diminution  of  th«  muscle- temperature.     The  strrwiKcst  muactilar  com-^ 
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traction  induced  by  the  will  canni>t  be  further  increased  by  strong  electncAl 
istiraulAtlon  of  the  motor  nerve.  Or  the  other  hnnd.  if  the  motornerve  be  stimu- 
lated so  that  a  less  pun'erful  contraction  rvsiilts.  the  will  is  unable  to  strengthen 
this  contraction.  The  i\ork  performed  by  a  muscle  alreadv  fatigued  is  much  more 
exhauxiiu^  than  a  greaii^r  amount  of  work  tierfonned  w^ien  it  bus.  been  reeled. 
Anemia  lijivcs  rise  to  symptom*  timilar  to  tnosc  of  fatigtie.  up  to  the  point  of 
inability  to  contract;  while  an  abundant  supply  of  Uood  rapidly  refreshes  the 
rauflclc.  Fatigue  of  ibe  legs,  as  after  marchin£.i)astensfati£ue  in  the  arms.  Long- 
oontinued  n-alchinK  and  (astinc  favor  fatigue.  Mas!»Ke  exerts  a  favorable  in- 
Sucncc  on  fatigued  muscles. 

If  a  mudclc  be  compl9t«ly  exhausted  by  voluntary  movomeot.  and  if.  never- 
theless, the  will  be  allowed  to  act  as  if  to  excite  a  comraction,  the  muscle  will 
actually  b«gin  to  contract  Agmn  after  a  period  of  rest,  until  it  lM?comvK  again 
cixtaausted.  and  so  on .  Mossa  and  Brandis  assume  that  involvement  of  the  central 
nervous  system,  including  the  ps}-chic  centers,  is.  in  part,  to  be  taken  into  account 
in  connection  with  fatigue  in  man.  If  a  wnsory  stimulus  be  applied  at  the  com- 
incDcement  of  a  voluntary  contraction,  the  movement  will  oe  intensified  and 
accelerated. 

PatbotogicaL — In  rare  cases  a  morbid  increaite  in  the  liability  to  muscular 
fatigue  (myaHthcnia)  has  been  observed  mnthout  muscular  atrophy  or  sensory  or 
reflex  distufbATices. 


UECHANISM  OF  THE   BONES  AND  THEIR   ATTACHMENTS. 

The  boiti'i  exhibit  iti  thc-ir  "fniiny  stnicture  an  iiiltrm.il  aivhiteci-.ire,  ((iiisiiiUng 
oE  lamcllfc  arranged  for  pressure  and  traction  exactly  in  accordance  with  those 
lines  that  would  be  constructed  by  graphic  statics  in  the  representation  o(  the 
forces  in  weighted  beamn  of  tlic  ^ame  form.  This  nrchittcture  i.t.  tlicrefore.  ao 
completely  adapted  to  the  function  of  bone  thai  it  combines  the  greatest  capa- 
biiity  as  a  supporting  apparatus  with  tlic  Icasc  cxpcnditiirt-  of  material. 

The  joitis  are  covered  with  a  layer  of  cartilase,  which  moderates,  by  means 
of  its  elasticity,  the  concussions  communicated  to  the  bones.  The  surface  of  the 
articular  cartilage  is  smooth,  and  thus  permits  the  articular  extremities  to  move 
freely  upon  eacli  other.  At  the  outer  boundary-  of  the  cartilage  arises  the  capsule 
of  the  joint,  which  eticloNCK  ihv  cartilaginous  extremities  like  a  sac.  The  miier 
surface  of  the  capsule  is  lined  by  synovial  membrane,  which  secretes  the  viscid, 
slippery  synovial  fluid,  and  this  facilitates  considerablj'  the  free  movement  of 
the  surfaces.  The  miter  surfiicc  of  the  cansulc  of  the  joint  is  covered  with  numer- 
ous fibrous  bands,  which  act  partly  as  lortifying  and  partly  as  restraining  liga- 
ments, The  bony  proccsM:^  also  arc  included  among  titi:  resiraitniig  contrivances, 
for  example  the  coroiioid  proccnn  of  the  ulna,  which  pennits  the  forearm  to  be 
Hexed  only  to  an  acute  angle:  also  the  olecranon,  which  prevents  hype  rex  tension 
at  the  elbow.joint.  The  continuous  apposition  of  the  articidar  suiifaces  is  made 
possible  (i)  ljy  the  adhesion  of  the  smooth  cartilaginous  smrfaces,  covered  with 
synovial  ttuid  anil  Kliding  on  each  uther:  (3)  by  the  extcn1.1l  capsular  ligAment: 
and  Cl)  by  the  elastic  tension  and  the  contraction  of  the  muscles. 

The  articular  cavities  must  be  regarded  as  cleft  spaces,  bounded  by  free  con- 
nective- tissue  surfaces,  and  unprovided  with  endothelium.  The  articular  carti- 
li^c  and  oJso  the  adjacent  connective  tissue  arv  bare.  The  inlima  of  the  s>*noviBl 
membrane  docs  not  consist  of  cndotbcUum,  but  of  protoplasmic  cells  provided 
with  processes,  together  with  a  fibrous  interstitial  substance,  It  is  almost  evcrf- 
where  separated  from  the  articular  ca\"ity  by  a  thin  layer  of  fibnllnr  tisme. 

The  synuirttii  nmithrane  is  coin[i(wi?d  of  delicate  ttundlcs  of  connective  tissue 
intermixed  with  elastic  tibcrrs;  it  ts  provided  on  its  inner  surface  in  part  with 
folds  containing  fatty  tissue  and  in  part  with  villi  containing  blood- vessels.  The 
internal  articular  ligaments  or  carlila^es  are  not  lined  by  synovial  membrane. 
The  (joints  of  attaclimcnt  of  the  s>'novial  membrane  to  the  bones  arc  termed 
insert  ion -zones. 

The  colorless,  stringy,  synovial  Quid  has  an  alkaline  reaction  and  the  compo- 
sition  of  transudates.  In  addition,  it  contains  a  substance  resembling  mucin,  as 
well  as  albumin  and  tracM  of  globulin,  lecithin,  cholcslerin,  fat,  soaps,  lutein, 
and  also  salts.  Excessive  movement  diminiihes  its  amount  and  increases  its  density 
and  also  the  amount  of  mucin,  but  diminishes  the  amount  of  salts. 

With  regard  m  ibe  mode  of  movcnient.  joints  may  be  divided  into  the  fol- 
lowing classes: 
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I.  Joints  with  a  Kotatary  MmMtntnt  oboui  0*t*  Axis.^tfii  Tbc  kingt-fotHt  or 
pat^pmts.  The  one  ariicuUir  surface  represcnU  a  sectton  of  a  cyliodcr  or  cone. 
abont  one  axis  of  which  the  other  .tur/iicv.  with  a  corrcspondinx  concavity,  morrs 
on  flexion  or  extension  at  the  joint.  Cxamplcs;  tlic  ioint«  of  ihc  lingiTs  and 
the  toco.  SlroQK  lateral  supportitig  ligaincnta  arc  always  present,  to  prevent 
lateral  flexion  of  the  joint. 

The  icrrai-kingf  joint  in,  a.  modihcation  of  th«  hitigc -joint.     The  hunuro-ulnar 
articulation  belongs  to  this  class.     Strictly  spcnkini;.  simpli*  A«xion  and  extenwHi 
do  not  take  place  at  the  elbow-joint:  but  thta  ulna  1%  rotated  on  the  trochlea 
the  humenu  like  a  nut  on  a.  bcilt;  tin  Ihr  ri^hL  humt^nii-  the  Kcrew  is  woand 
the  ri£ht,  and  on  the  Ivft  humerus  to  ih«  left.     The  ankk^jcnnt  also  beloogB  Ufi 
this  cuss:  the  nut  is  the  articular  surface  of  the  tibia:  the  right  joint  rescmbteal 
a  le(t-handt:d  Hcrew,  the  Itft  ji>int  the  rcvcrnc. 

ill)  Tlic  f>iWj-;ctMj  (rotatio),  niih  ii  cylindrical  articular  surface:  forcxamplei 
the  articulation  between  the  atlas  and  the  odontoid  process  of  the  axis,  which  1 
represent!  the  axis  of  ixitation.  The  axis  of  rotation  of  thu  articulation  at  tlial 
cloow-joint  for  pronation  and  supination  extends  from  the  middk  of  the  cotyloid] 
cavity  m  the  head  of  the  rndius  to  the  styloid  prows*  nf  the  ulna.  AcceaeoTy] 
joints  for  this  pivot-joint  are.  above,  the  articulation  bctn-eer  the  articular  cir-j 
cum/erance  of  t)te  head  of  the  radius  and  the  U-okt  sigmoid  cavity  oi  the  ulnaH 
and.  below,  the  articulation  between  the  head  of  the  ulna  and  the  sigmoid  cavity' 
of  the  radius. 

z.  yaints  milk  a  Rctalory  Movement  abimt  Tnv  Axfj. — (a)  The  joints  exhibit 
in  the  two  axes,  which  intcntect  at  right  angles,  a  curvature  that  is  difftTcni  in 
degree,  but  the  same  in  direction:  for  example,  the  at  Ian  to -occipital  articulation, 
or  the  wrist-joint,  in  which  both  llexion  and  exttiisiijn.  as  well  a»  lateral  inclination, 
are  pouible.  {b)  The  joints  have  a  surface  of  curvature  th»t  pursues  a  ditlercntj 
direction  in  the  two  Axee,  which  intcrseel  at  right  Angles,  To  this  cliiu;  b«lf>ntf*" 
the  ftaddle-joint.  the  surface  of  which  in  concave  in  the  direction  of  the  one  axis. 
and  convt-x  in  thai  of  the  other:  fi>r  example,  the  articulation  between  the  ira- 
pcaiutn  and  the  meUieariial  bone  of  the  thumb.  The  iirincip.d  nmvement*  here 
are  (i)  flexion  .ind  extension,  and  ())  abduction  and  adducii<i<n.  Further.  nwv»« 
ment  is  possible  t.n  a  limited  decree  in  all  other  directinmi,  and  a  eonc-!iltaped 
space  can  be  circumscribed  by  the  thumb,  tn  this  manner  the  saddle-joint  re- 
aeroblBfl  a  limited  arihrodial  joint. 

3.  Joints  uith  a  Movvmenl  >rn  a  .Sp-iral  Articular  Surjacf  (Sf-iral  Ji/inU). — To 
this  class  belongs  above  all  the  knee-joint.  The  condyles  of  the  fertlur,  curved 
from  before  baclcward.  exiiibit.  on  sagittal  section  of  their  articular  surface,  a 
spiral  the  center  of  which  lies  toward  the  posterior  portion  of  the  condvle,  and 
whote  radius  vector  increases  fnim  Ix-'bind  down'v'ortj  and  forward  The  joints 
permits,  first  of  .ill.  extrusion  and  flexion.  The  stpinj;  l.iieral  ligaments  on  txtt 
sides  .irise  from  the  condyles  of  the  femur,  at  a  point  crirresrondinK  to  the  cent* 
of  the  Kj>ini].  and  are  inserted  on  tfie  head  of  the  hbula  and  the  iniemal  condyl«J 
of  the  tibia  n-^pcctively.  When  the  knee-joint  is  stmngly  llexed.  the  luteral  li£*- 
racnls  arc  relaxed:  they  become  tense  as  extension  incre;u>es.  and  in  complete 
extenHiftn  they  form  tense  iMtnd.f,  which  cnnure  lateral  fixation  of  the  knec-}otaL 
In  accordance  with  the  spiral  form  of  the  articular  surface,  flexion  and  extensioo 
do  not  occur  about  one  axis,  but  the  axis  constantly  shifts  with  the  points  of 
contact:  the  axis  traverses  a  path  that  likewise  is  spir.il.  The  greatest  dvxic 
and  extension  cover  ahnut  hk"  The  anterior  cructal  ligament  is  made  nooi 
tenso  during  extension,  and  acts  as  a  check -ligament  for  exeesnive  extension;  the" 

fiosterior  crucial  ligament  is  made  mure  tense  during  ^xion.  and  is  a  check* 
igament  for  i-xre-«ive  llexion.  The  movenieni*  of  extension  and  Ilcxion  at  the 
knee  are.  however,  rendered  more  complex  by  the  wrew-like  movement  of  the 
joint,  with  the  result  that  llic  leg  deviates  outward  during  cxtri-me  extension. 
Accordingly,  the  thiirh  mu.H  be  rotated  outward  during  flexion,  if  ihc  leg  is  fixed. 
Pronation  and  supination  further  arc  obscrs'cd  in  the  knee-joint,  ainouiilius  to 
41"  in  extreme  ncxi'in.  but  Wing  entirely  nhecnt  in  extreme  extension.  They  are 
due  to  r-itation'of  the  i-xlemal  condyle  of  the  tibia  about  the  internal  condyle. J 
In  all  positions  of  Hexion  the  enieia!  hgaments  exhibit  a  fairly  uniform  de^ 
of  tensifMt,  OS  a  result  of  xvhich  the  nrtieular  extremities  are  held  in  apposftn 
It  is  owing  to  Uieir  arrangement  that  with  increase  in  the  tension  of  ibe  anterfc 
ligament  during  extensimi  the  condyle*  of  the  femur  must  roll  more  on  the  anteriof  1 
portion  of  the  articular  surface  of  the  tibia:  while  with  increase  in  the  teneioq^ 
of  the  posterior  lixament  during  flexion  they  must  roll  more  on  the  posterior 
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portion.  Bnune  and  Piiclter  found  in  the  courae  of  their  invntiKalion*  that 
lUudon  at  tlic  knee-joint  is  attended  with  rotation  of  thr  tibia.  The  transition 
from  a  position  of  extension  to  one  of  fiexion  of  30°  is  attended  vriih  an  inlcroal 
rotation  of  6°.  Prum  this  jioint  further  tli-xion  ia  attended  with  aa  external 
nitation.  which  nmcunts  to  6^at  a  flexion  of  t)0*. 

4.  Jointi  untfi  i<Qtalivn  about  On*  i-'i:nd  Fi>int. — These  are  the  freely  movable 
ball-ADd-svcki-l  juiiita  (artiirudi^) .  Movement  ia  po!M>ibk'  ulxiut  innumerable  axes. 
all  of  which  mtt-rwct  nt  the  point  of  rotation.     The  one  articular  surface  has  an 

Sproximatcly  sphrrical  shape,  while  Ibc  nther  has  that  of  a  Iiollow  sphere.  The 
»uldcr-joint  and  the  hip-joint  are  ly^a  of  this  articulation.  lnBtead  of  ihi; 
numerous  axes,  about  which  movement  ix  poutilile.  three  niay  be  suVuiiutled, 
intersectinK  at  nt^t  angles  in  space,  Thcnrfore.  these  joints  have  aleu  Iieen 
designated  tri-axial.  The  movements  possible  arc:  (i)  pendulum-like  movements 
in  any  desired  plane;  (t)  rotation  about  the  longitudinal  axis  of  the  uxircmiiy; 
(3)  rnovemcnts  circumBcriMn^  the  surface  of  a  cone,  the  npcx  of  which  corrc- 
Bponds  to  the  center  of  rotation  of  the  joint,  and  whose  surface  is  circumscribed 
by  the  extremity  it«If. 

Liniiiid  ariUrodutl  joints  arc  ball-and-»c^ket  joint4  with  a  more  limited  rnn^a 
of  movement,  and  in  which,  moreover,  rotation  about  the  longitudinal  axis  it 
wanting:  for  example,  the  mctacarpo-phalangeal  joints 

5.  liigid  foitii!  (amphiaithrosis)  an?  charavieneed  by  the  fact  that  movement 
is  potsible  in  all  dirvcticms,  but  ts  limited  in  uxti^nt,  owing  to  shurt  and  unyielding 
external  articular  ligaments.  The  articular  surfaces  arc  usually  of  (he  same  sixe. 
and  are  almost  flat.  Examples  arc  afforded  by  ihc  articulations  of  the  carpal  and 
tarsal  Vnie.s  with  one  iuiother 

With  rei^ard  to  the  mechanical  origin  of  the  articulai  forms  of  two  Vones 
movable  upon  each  other,  it  is  to  be  noted  that  the  articular  exlrcmity  to  which 
the  muscles  are  inserted  near  the  joint  becomes  the  acetabulum;  whilo  that  «x- 
tretnity  to  which  the  muEcles  are  inserted  at-a  greater  distance  becomes  the  head. 

Hymphym.  syneitaidroies .  and  sytuL'tmasff  represent  the  junction  n(  Immim 
without  the  formation  of  an  articular  cavity.  Thev  are  movable  in  al!  dir»etions. 
but  only  to  an  extremely  limited  extent.  Ph>'*i<ifoj!ieaUy.  they  are  ibus  closely 
related  to  the  amphiarihroses. 

StttHTts  unite  bones  without  permitting  any  yielding.  The  physiological 
signtticancc  of  stitures  resides  in  the  fact  that  the  hont-s  may  grew  nt  their  mar- 
gins, so  that  distention  of  the  cavity  enclosed  by  the  bones  is  possible, 
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BODY. 

The  muscles  form  45  per  cent,  of  the  total  mass  of  the  body.  The 
mtisculaiurc  on  th«  right  side  of  the  hody  is  heavier  than  that  on  the 
left.  I(  the  muscles  are  considered  with,  regard  to  their  function  from 
the  mechanical  standpoint,  the  following  categories  may  be  distin- 
guished : 

A.  Muscles  without  Definite  Origin  and  Insertion. 

I.  The  hollow  muscles,  enclosing  spherical,  oval,  or  irregular  cavities, 
such  as  the  urinary  bladder,  the  seminal  vesicle,  the  gall-bladder,  the 
utenis.  tlie  liearl :  or  forming  the  walls  of  more  or  less  cylindrical  canals, 
such  as  the  intestinal  tract,  the  muscular  ducts  of  glands,  the  ureters, 
the  oviducts,  the  vasa  deferentia,  the  blood-vessels,  and  the  lymphatics. 
Under  such  circumstances  the  muscle-fibers  frequently  are  arranged  in 
several  layers,  for  example  in  longitudinal,  circular,  and  oblique  direc- 
tional During  activity  all  of  the  layers  contract  to  effect  dimiiiution  in 
the  sire  of  the  enclosed  cavity.  It  is  inadmi-ssible  tu  ascribe  different 
individual  mechanical  effects  to  the  various  layers,  for  example  to  main- 
tain that  the  circular  fibers  of  the  intestine  narrow  the  tube,  while  the 
longiludtiial  fibers  dilate  it.  Both  sets  of  fibers  rather  aet  together  in 
diminishing  the  enclosed  cavity,  namely  by  narryjwing  and  shortening  it. 
li,  however,  the  wall  of  a  hollow  organ  is  pushed  or  folded  inward  either 
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point  of  application  of  the  weight;  for  example  the  triceps,  the  muscles 
of  the  calf.  In  both  instances  the  muscular  force  necessary  to  overcome 
a  given  resistance  is  calculated  according  to  the  laws  of  the  lever.  Equi- 
librium will  be  established  when  the  static  factors — that  is  the  product 
of  the  force  in  its  vertical  distance  from  the  fulcrum — are  equal;  or 
when  the  force  and  the  weight  are  inversely  proportional  to  their  ver- 
tical distances  from  the  fulcrum. 

In  determining  the  amount  of  muscular  force  and  the  weight,  especial 
attention  should  be  given  to  the  direction  in  which  these  act  on  the  arms 
of  the  lever.  Thus,  it  often  happens  that  the  direction  that  was  perpen- 
dicular to  the  arm  of  the  lever  in  a  certain  position  may  act  obliquely 
upon  it  during  movement.  The  static  factor  of  a  force  or  weight  acting 
obliquely  on  the  arm  of  the  lever  is  obtained  by  multiplying  the  force  by 
the  perpendicular  dropped  from  the  fulcrum  upon  the  line  of  direction 
in  which  the  force  is  acting. 
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Fig.  HJ9.— Diagrammatic  tUprcKnUlioa  of  the  Action  of  Muscle*  on  the  Bones. 


In  Fig.  199,  I,  B  X  represents  the  humerus,  and  x  Z  the  radius;  A  y  the  direc- 
tion of  traction  o£  the  biceps.  If  the  biceps  acted  only  in  the  rectangular  position, 
as  in  holding  horizontally  a  weight  (P)  attached  to  the  forearm  or  the  hand,  then 
the  force  exerted  by  the  biceps  (A)  could  be  determined  by  the  formula  A  .  y  x  ■■ 
P  ,  X  Z;  whence  A  =  (P  .  x  Z)  :  y  x.  It  is  evident  that  in  the  depressed  position 
of  the  radius  x  C,  the  conditions  are  different;  then  the  force  of  the  biceps  A, 
—  (P,  .  V  x)  :  o  X. 

In  Pig.  199,  II,  T  F  represents  the  tibia,  F  the  ankle-joint,  M  C  the  foot  in 
the  horizontal  position.  The  force  (a)  of  the  calf-muscles  necessary  to  neutral- 
ize a  force  p  directed  from  below  against  the  anterior  extremity  of  the  foot  would 
be:  a  =  (p  .  M  F)  :  F  C.  If  the  position  of  the  foot  is  changed  to  the  direction 
R  S,  then  the  force  of  the  calf-muscles  a,  —  (p,  .  m  F)  :  F  c. 

From  the  foregoing  the  amount  of  force  with  which  muscles  that,  like 
the  coraco-brachialis,  are  stretched  over  the  angle  of  a  hinge-joint,  act 
on  the  arms  of  their  levers  is  also  evident.  Here  also  the  static  factor  is 
equal  to  the  force  multiplied  by  the  perpendicular  dropped  from  the 
fulcrum  upon  the  line  of  direction  of  the  force. 

In  Fig.  igg,  HI,  HE  represents  the  humerus,  E  the  elbow-joint,  ER  the 
radius,  B  R  the  coraco-brachialis  muscle.     The  factor  in  this  position  is  A  .  b  E* 
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^ngle:  with  the  elbow-joint  in  a  position  trf  grcaier  flexion,  however, 
the  rotation  is  forward. 

A  diarticular  muscle  when  sufficiently  contracted  will  move  the  bone 
situated  between  the  two  joints  in  tlie  same  manner  as  that  on  which  it  is 
inserted.  This  associated  movement  impairs  the  strength  of  the  princi- 
pal movement;  and.  conversely,  the  latter  is  strongest  when  the  former  is 
inhibited.  The  muscles  that  effect  this  inhibition  have  been  designated 
by  H,  E.  Hering  ps^udo-antagonisls.  They  take  part  involuntarily  in 
every  movement,  in  order  to  limit  the  associated  movement. 

7.  Synergists  is  the  designation  applied  to  those  muscles  that,  collec- 
tively, serve  to  exercise  a  certain  kind  of  movement:  for  example  the 
flexors  of  the  leg,  the  calf-muscles,  and  others.  Also  the  abdominal 
muscles,  including  the  diaphragm,  in  contracting  to  diminiKh  the  size 
of  the  abdominal  cavity,  as  in  the  act  of  straining;  also  the  inspiratory 
and  the  expiratory  muscles  may  be  regarded  as  synergists.  The  dif- 
ferent heads  of  a  muscle,  or  the  two  belUes  of  a  digastric  muscle,  may 
also  be  considered  from  this  point  of  view. 

A>ita^oniits,  on  the  other  hand,  is  the  designation  applied  to  those 
muscles  that  in  contracting  have  an  effect  opposite  to  that  of  other 
muscles.  Thus,  flexors  and  extensors,  pronators  and  supinators,  ad- 
ductors and  abductors,  elevators  and  depressors,  sphincters  and  diUtors. 
inspirators  and  expirators.  are  antagonists. 

When  it  is  desired  to  develop  the  action  of  a  muscle  in  its  full  force, 
it  is  customarj'  to  place  it  involuntarily  first  in  a  state  of  greatest  pos- 
sible extension,  as  it  is  from  this  condition  that  the  muscle  is  really 
capable  of  developing  the  greatest  amount  of  force.  Conversely,  in 
the  execution  of  delicate  movements,  requiring  the  smaile-st  possible 
amount  of  force,  a  position  is  chosen  in  which  the  muscle  in  question  is 
already  contracted  to  a  considerable  extent. 

All  of  the-  Tasciait  u[  itie  butly  am  attached  lo  mii«c1es.  and  are  made  tense  by 
corrcspnriling  mowmmts  o£  thr  tall«r  (t«nsor$  ol  fasciae). 


GYMWASTIC  EXERCISES  AND  THERAPEUTIC  GYMNASTICS. 
PATHOLOGICAL  VARIATIONS  IN  THE  MOTOR  FUNCTIONS. 

Gymnastic  exercises  »re  d  Rroat  impoftanc«  in  the  develop  mem  of  muscular 
function  and  of  fitrcnph.  ftmd  they  should  he  priictised  hy  hnlh  cexcs  from  early 
youth.  Thp  sysienmnc  activity  incn-asts  the  sue  of  the  muscles,  and  rcmJcni  them 
capable  of  domg  more  work;  in  addition,  the  bodily  fat  is  consumed  in  vrealer 
degree.  With  the  increasi;  in  the  hm  of  the  inuKclex  the  amoLint  of  blooil  u  in- 
creased, and  at  the  same  time  the  bones,  tcndotis.  and  liK^ments  arc  rendered 
marc  resiati'iu,  Aa  the  cireidaiion  is  greatly  increased  in  active  muscle,  exercise 
CKiUCS  a  )teneriil  imiirovetnriil  !n  the  circiilaliini  und  iii  cardiac  tii'livity.  As  a 
result  a  favornblc  inllucncc  is  exerted  on  the  movuraent  of  the  fluid*  of  the  body 
in  persons  ea^jccially  uf  sedentary  hB.bit».  who  suffer  from  stagnation  of  btood  in 
the  iibdommal  yrRaiis  (hciiiorrho'ids,  eU-.),  As,  further,  netivc  tnuAcle  eonaumcs 
a  good  deal  of  oxygen  and  generntts  much  carbon  dio.xid.  re*piratioTi  la  thus 
activclj'  Ktimulatcd  hy  gymnaatic  rxcrcisen.  The  general  iiierejise  of  metiibohsra 
gives  rise  to  the  feeling'of  well-being  and  of  vigor,  limits  abnormal  irriiability 
and  the  tendency  tu  fatigue.  The  whole  tiody  becomes  more  solid,  firmer,  ana 
of  heavier  jpecihc  (jravity. 

Sweilisli  therapeutic  g>'™''*stics  arc  cmplo^-ed  to  strengthen  s>-5temntirBlly 
the  muscles  in  jiL-nsiiiis  siifferinj;  from  weakness  of  certain  muscles  or  muscle- 
groups,  and  in  consequence  not  infrequently  exhibiting  d(;(urn)ities  in  the  position 
of  the  skeleton.  The  movements  of  these  musc!e$  jux-  practised  cn^ccially,  bcinji 
opposed  by  suitable  resistance,  which  should  he  overcome  by  tnc  subject,  or 
bc!  opposed  by  him  without  overcoming  lliem. 
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eeUs  in  tbc  onicrtor  home  or  in  the  motor  nuclei  of  the  medulla  oblonsota  also 
give  Ttsv  to  Atrophy  of  the  muecirs  connected  with  them.  SpinaJ  paralysis  and 
Actttc  bulbar  palsy  (poralviic  o(  Uie  m«4ulla  oblongata)  thus  have  An  acut«  oriMt, 
while  pTOgre««ve  mueculor  atrophy  and  progreiuivfi  bulbar  paraly«is  punue  a 
cbrctnic  comse.  Under  Uiese  conditions  the-  mMsclc-g  and  their  nerves  bcconM)  thin 
iinii  wiisled.  The  muscles  exhibit  many  nuclei,  their  contractile  substance  is 
partly  in  a  Ctale  of  fatty  de£eii«ratioii,  and  later  diiappeam  alto^ther.  The 
intramuscular  connective  tissue  is  incrcAM-d,  often  also  the  interstitial  fat.  Ac- 
cording to  Charcot,  the  central  ncrvc-cclls  arc  also  Ihe  trophic  centers  (or  tliw 
nerves  arisinK  from  theni  and  for  the  related  niu»clcs.  .According  to  Phi-dreich, 
however,  progressive  muscular  atrophy  is  a  primary  disease  o£  the  muscles,  a 
prinuury  interstitial  myoeilis  resulting  in  atrophy  and  dcgcniTation,  the  ctiilrftl 
nervous  lyitero  becoming  involved  in  the  degcni^rative  processes  only  secondarily; 
just  OS  after  amputation  of  an  extremity  correiepondinjt  parts  of  the  tpinal  eord 
degoncrate  s«?ordanIy. 

Finally,  mention  should  be  made  of  psrudo-h>-|icrtrophy  or  lipomatOtlB  mus- 
cular atrqjihy,  in  which  the  muscle- libers  arc  compfelcly  airophieil,  in  aa&ociation 
with  an  abundant  development  cf  fat  Ijetmcen  the  iJbcre,  without,  however, 
degeneration  of  the  nerves  or  the  spinal  cord.  The  muscular  substance  may  also 
undergo  amyloid  de(;eneration,  the  amyloid  substance  penetrating  and  intiltrating 
the  tissue.  At  timc!i  utr^phic  muselc»  eahibit  a  dwp  broivnish-reJ  color,  probably 
due  to  alteration  of  the  muicle- pigment.  Muscli.-s  conitnntly  cotnptllrfl  to  per- 
form a  large  amount  of  work,  sueli  as  the  liearl-mnKcir,  the  hiadilcr.  Iln-  itUcminc, 
undergo  hypertrophy.  If  the  mechanism  of  the  skeleton  becomes  idtercd.  for 
exiuupic  ai  a  result  of  rigidity  of  a  number  of  joints,  the  muscles  adapt  them- 
selves miw*  or  less  completely  to  the  altered  mechanical  conditinns  by  changes 
in  their  growth,  expenditure  of  cncig>'.  and  manner  of  mavcmcDt. 


SPECIAL  MOVEUENTS. 

STANDIWG. 

Standing  is  tlie  vertical  position  of  equilibrium  of  tlie  liwly.  secured 
by  tnuitpular  action,  in  whicb  the  line  of  gravitation — that  is  a  perpen- 
dicular (lro]ipccl  from  the  center  of  gravity  of  the  body— strikes  the  ground 
within  the  supporting  area  of  the  Koles  of  iinth  feet  Of  the  various  posi- 
tions, that  ol  ■'standing  erect"  will  be  analyrcd  lierc.  In  this  position, 
muscular  activity  is  exercised  in  two  directions:  (1)  to  fix  theariiculaied 
body  into  an  inflexible  column  (to  "stiffen");  and  (2)  in  case  of  a 
variation  of  the  equilibrium  to  neutraliM  the  disturbance  by  suitable 
muscular  contractions. 

The  following  muscular  activities  arc  observed  in  standing: 
I .  Fixation  of  the  head  on  the  vertebral  column.  The  occiput  may 
move  in  various  directions  on  the  atlas,  whose  two  concave  articular 
surfaces  converge  anteriorly.  The  act  of  nodding  is  the  most  reildily 
performed.  As  tlie  center  of  gravity  of  the  head  lies  in  front  of  the 
supporting  points  on  the  atla-f,  relaxation  of  the  muscles,  as  in  sleep  or  in 
death,  causes  the  chin  to  fall  upon  the  chest.  The  strong  muscles  of  the 
neck,  which  pull  from  the  spinal  column  upon  the  occiput,  fix  the  head 
on  the  vertebral  coltinin. 

In  addition  to  the  nodding  movement  directly  forward,  a  similar  movement 
is  also  pussible  obliquely  torvrard  and  to  the  side.  Rotation  of  the  head  in  the 
articulations  of  the  atlas  is  possible  only  to  an  inappreciable  extent  around  the 

^^H       sagittal  axis,  hkewise  around  the  vertical  axis,  the  latter  •xcurring  onlv  when 
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the  head  is  flexed.  No  special  muscular  activitv  it  necexsar)-  to  prevent  these 
movements  in  standing,  when  the  head  is  rotiii(;d  to  the  side,  the  contralatenl 
vertebral  artery  is  cnmpresM-d  tn  the  vertfibrsi  sulcus,  while  that  on  the  same 
side  is  enabled  to  carry  more  blood. 

Tlie  chief  rutaiory  movement  of  the  head  occurs  a'bout  the  vertical  axis  of 
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tbe  odootoid  ^n>t*»  of  the  *xu.     Tbe  guttcular  surfaces  on  tfa«  pc4icks  o(  the 
fine  uid  second  vertebne  are  convex  toward  <-a«h  other  in  tbe  ouMle.  faecowi»gi 
•omewhu  lo«-er  anteriorly  and  noeteriofly      The  bead  is.  therefore.  hijjhcM  tal 
ttap  erect  posittoa;  if  it  is  roiated  on  thi>  odontotd  proce«,  it  vmdrrjpn  m  tfictatj 
spiral  nravement  downwanl.     In  thit.  wav  (tistartton  of  th«  foeduKk  iv  Bvoioatf'- 
whim  the  head  is  strongly  rotated.     In  standing,  do  muscular  actMn  is  reqatred 
to  tix  tbrsc  vrrtcbne.  as  rotation  cannot  occur  when  the  rouxctea  ot  tbe  nccx  asd 
the  deaors  and  L-itcnsorc  of  the  head  are  at  nst. 

».  The  vertebral  column  requires  tixatioa  "by  muscks  in  those  sec- 
tiotts  where  its  mobJhty  is  the  greatest :  these  are  the  cervical  and  lumbar 
regions  Here  fixation  is  secured  by  the  numerous  and  strong  mtiscles  opf 
the  cen-ical  vertebras,  especially  those  of  the  neck,  and  the  Itimbar  mus- 
cles, especially  the  strong  origins  of  tbe  extensor  dorsi  commtmis.  sup* 
ported  by  the  quadratus  lumborum. 

Tbe  least  movable  vvrtebrz  are  those  from  the  third  to  the  sixth  donal;  tke  - 
un  nun  is  completely  immovable.     For  a  definite  length  ol  tbe  eohum  the  mo- 
btltty  depends  upon  the  (oDowinK  factorv:  {a)  Tbe  nambc  and  the  thJrlfFf  oCi 
the  cUsttc  intervertebral  discs.     These  an  moat  BumcrotK  in  the  cervkal  teskm.] 

and  are  thickest  in  the  lumbar  n^n  and  relatively  also  in  tbe  lower  ccn 

resion.     They   pcrmii    mowment  in  cvirr)'  direction.    The  tBtcTTcrtebral  di«s] 
tofether  form  one-fourth  the  entire  length  of  tbe  ^inal  coltunn.     They  are  e 
pi«s»ed  somewhat  by  the  weight  of  the  body;  hence,  the  body  is  kageat  in  tfac 
mominc  and  after  recutnbenry  of  soow  duration.     The  smaller  etreamfercnoe  of 
the  bo<»es  of  the  cervical  veriebne  muA  be  more  tavnrable  fbr  tbetr  awvsmaot 
oo  the  discs  than  is  the  ^ater  siie  o(  the  lower  vertebra;,     (ft)  Tbe  pontiaa  of  j 
tbe  proeesses  also  materially  inllaences  tbe  mobility.     The  greatly  rlnin  iiailf 
miiec  of  tb«  donal  vertebnc  prevent  byperexieimoiL     Tbe  articuLar  in  nrwiasd 
a  tbe  cervical  vertcbvx  ase  so  situated  that  tbcir  surfaces  are  directed  obliquely 
from  before  and  above  backward  and  downward.     By  this  means  relatively  frrv 
movement  is  rentlercd  po&siblc  in  rotauoa,  lateral  indinatioo,  and  flcxiud.      In 
tbe  dorsal   re^on   the  arttcuhir  surfacrt  of  th«  supenor  articnlar  [iiiii  mis  an 
directed   vertically  and   dirrctlv   fork-ord,  while   thi^se   of  tbe   mfenor  articalar 
processes  are  directed  directly  backward;  in  tbe  hunbar  TC|pon  the  eorrcsMOdin^ 
position  is  almoM  vertical  and  sagittal.     In  tba  act  of  bending  backward  ma  ff] 
as  possible,  the  moet  movable  points  of  tbe  spsoal  column  mn  the  kywer  ocrvtcal 
vertdne.  bora  tbe  eleventh  donal  to  tbe  tnoood  tnrabar  vertebra,  and  tbe  two 
lower  lumbar  vertebrz. 

3.  The  center  of  gravity  of  tbe  part  of  tbe  body  thus  stinened  (the 
bead  aad  the  trunk  with  the  arms)  is  situated  on  the  anterior  bonlar  of 
the  inferior  surface  of  the  eleventh  dorsal  vertebra.  The  perpendicolar 
lioe  dropped  from  the  center  of  gravity  passes  behind  a  line  joinxog  both 
bip-joints.  Hence,  the  trunk  would  fall  backward  at  the  hip-joints;  bat 
this  is  prevented  by  the  ilio-femoral  Ugainent,  n  mm.  thick,  stretched 
between  the  anterior  inferior  spine  and  the  anienor  iDtertnxhanteric 
line,  and  also  by  the  anterior  tense  layer  of  the  fascia  lata.  As  Itsuneata 
alone  are  never  able  to  withstand  continuous  traction,  they  are  mate- 
rialty  rapponed  by  the  ilio-psoos  musde,  which  ts  insenad  on  the  lesser 
trochanter,  and  also  in  part  by  tbe  rectus  femoris,  whose  origin  extends 
upward  over  the  acetabulum  to  the  anterwr  inierior  spine.  A  latenil 
movement  of  the  hip-joint,  in  which  one  thigh  would  be  abducted  aad 
the  other  a-lducled.  is  prevented  especiafly  bv  tbe  large  mmm  of  tbe 
gluteal  muscles,  which  fix  the  thigh  on  the  pdvis  poAeriorly  and  Ut> 
■rally.  When  the  thigh  is  extended,  the  tlio-leoioral  licBment  also  is 
able  to  prevent  adducuon.  aided  by  the  tense  fascta  lata. 

4.  The  part  of  tbe  bodv  that  has  thus  far  been  i&ade  rigid,  tadndsnc 
tbe  bead  and  the  trunk,  with  the  arms  and  the  ihigfas.  and  whose  oeater  o2 
gravity  is  situated  somewhat  lower  and  only  to  s«ch  a  sSght  degree  ftm  her 
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forward  that  the  line  of  gravity  passes  through  the  line  connecting  the 
posterior  borders  of  the  knee-joints,  must  now  be  Qxed  at  the  knee- 
joints.  Falling  backward  is  prevented  by  the  strength  of  the  quad- 
riceps femoris,  supported  by  the  tension  of  the  fasria  lata.  Indirectly. 
the  ilio-femoral  ligament  is  believed  also  to  aid  in  preventing  falling 
backward,  because  in  this  act  the  thigh  must  be  rotated  outward,  and  this 
is  prevented  by  the  tension  of  the  ligament  named  in  the  upright  posi- 
tion. Lateral  flexion  at  the  knee-joint  is  impossible  on  account  of  the 
arrangement  of  the  hinge- joint,  strcnjithcned  by  the  strong  lateral  liga- 
ments of  llie  knee.  Rotation  at  the  knee-joint  i<;  impossible  in  the  ex- 
tended position. 

5.  The  center  of  gravity  of  the  entire  body  is  situated  4,5  cm.  in  a 
vertical  line  below  the  promontory  of  the  sacrum.  A  perpendicular 
dropped  from  this  point  strikes  tlic  ground  a  little  in  front  of  the  line 
connecting  both  ankle-joints.  The  lnxly  would,  therefore,  fall  fora-ard 
at  the  latter  joints.  This  is  prevented  by  the  muscles  of  the  calf,  aided 
by  the  muscles  of  the  deep  layer,  namely  the  tibialis  posticus,  the  de.tors 
of  the  tues,  and  the  peroneus  loiigus  and  brevis. 

Tlic  following  addiliooal  facmrs  havt-  also  been  cQDBtdcrcd  worthy  of  mention : 
(o)  As  the  lonKiludinal  mxxs  oi  iIm.-  fctt  funu  an  unslv  of  50'  at  th*:  htd*.  fulling 
forvftrd  con  taiic  place  only  if  the  iwt  have  taken  a  poKition  more  nearly  parallel 
to  their  longitwijnal  axts.  ((>)  Fallinc;  forward  is  npp.iwd  also  by  th*  lorm  of 
the  arltciUnr  surfact-s  oi  the  foot,  as  under  such  circuraHianees  the  anterior,  broader 

£art  <)C  thi^  astrugHliDi  woulil  have  M  be  [iresti-d  helwcon  the  two  finiriyU-s,  This 
ISC  (acioT  is  actually  of  littlr  importance,  as  futlinj;  forward  docs  not  require 
such  a  marked  chanj{e  of  position  as  would  be  ncccssar)'  to  bring  ihis  mechanimn 
into  pla.)r. 

6.  The  tarsal  an<l  metatarsal  bones,  united  by  tense  ligaments,  form 
the  arch  of  the  foot.  This  touches  the  ground  .-it  three  points,  the  tuber- 
osity of  the  OS  calcis.  the  head  of  the  first  metatarsal,  and  the  head  of  the 
fifth  metatarsal  bone.  Between  the  last  two  points,  however,  the  heads 
of  the  other  metatarsal  bones  also  form  points  of  support.  The  weight 
of  the  body  falls  upon  the  highest  point  of  the  arch,  the  head  of  the  as- 
trngaius.  The  arrli  of  the  foot  is  m.iintained  only  by  ligaments.  The 
toes  are  able  materially  to  aid  in  balancing  the  body  by  means  of  their 
muscle-play.     Standing  erect  causes  more  fatigue  than  walking. 

BrAunc  and  Fischer  haw  recently  distin];ui!ih>.-d  the  following  varieties  of 
station,  for  which,  in  contradislinclion  fmm  the  foregoing  nldcr  exposition,  a. 
difleront  form  of  muKculor  activity  is  required,  <i)  The  "nominl  position"  is 
chaTHCteriJied  hy  the  fact  that  the  line  of  gravity  passes  dovinw»rd  thrmigh  thv 
linns  connecting  the  cmtrxl  p'lintt  of  lioth  liiji-joinu.  knr«-joints.  and  ankle- 
joiots.  and  passes  upward  through  the  centers  of  gravity  of  the  trunk  and  the 
bcxd.  Accordingly,  the  body  need  onlv  be  atiffcnca;  no  muscular  jiciiviiy  at  all 
is  re(]uired  to  prevent  falliii}!  forwjinf  or  ImckwanI  (i)  In  the  ■'comfortable 
position"  the  line  of  gravity  strikes  the  ground  in  front  of  the  line  connecting 
the  centvnt  of  tMith  ankle-joiiite  at  a  point  corrc&pviidiu);  u]j{>r<.>xinialely  lo  the 
anterior  border  of  the  ankle-joint.  Hence,  musculur  action  is  ncct-fsary  to  prevent 
Cidling  forward  at  the  ankle-joints,  (3)  In  the  'militsr^-  position"  the  line  of 
gravity  falls  in  front  of  the  knee-joints  and  ankle-joints,  striking  the  Rrouiul  at 
a  point  corresponding  apnroxinuiU'l)^  to  the  middle  of  the  sole.  Ki^nri--,  fntling 
forward  must  be  prcwnlea  at  both  joints,  and  ihis  nidnces  great  fatiguu  011  account 
of  the  considerable  and  continuous  muscular  exertion. 

The  tiosition  ol  the  center  of  gravity  in  the  hving  person  is  determined  as 
foUows:  The  hixly  is  placed  on  a  namiw  hmrd  the  length  of  the  body.  A  balanc- 
ing edge  is  placed  IxTneath  the  board,  and  fiwt  the  upper  and  lower  halves  arc 
buanccd,  then  the  right  and  left  halves.  ]'iiiall>-,  the  body  is  balanced  when 
standing  upright  on  a  small  board.    The  center  of  gravity  is  situated  at  the 
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Mich  tniitiiTitnnroufi  photograph  eqtinlft  ,|^,  of  a  second.  When  iilaeed  in  a 
strobnscopt'.  thi-v  s^-ni-s  n-priMliicc  ihf  timunil  iiiuvcmwits ,  um!  by  vniji-cfiun 
wilh  the  aid  of  a  kinematograph  they  may  also  be  sboun  as  '"moving  pictures." 
FiK«.  joi.  joj.  and  laj,  rejirewnt  such  itVits  of  insiantamoua  phfJlORrapli*  nt*- 
taincd  in  thr  mannrr  cirscrjiird,  Hrawm-  «nil  O.  h'ifccliir,  hi-iwctrn  iSij;  ami  tSsW- 
introduced  a  ncv  m«ihod  of  recording  the  motor  procc&s  in  walking  by  means 
of  bilHteriil  cliiiirophfitijgniphic  exiKisurcs  du  on  cxu-nsivc  coOrdtnaLint!  aysicn). 

In  the  act  of  walking  the  legs  are  allernatively  aclive.  While  one. 
the  "supporting"  or  "active"  lee.  carries  thcliody.the  other,  the  "hang- 
ing." "swinging,"  or  "passive"  leg.  is  inactive.  Thus,  each  leg  in  regu- 
lar alternation  goes  through  an  active  and  a  passive  phase.  The  motion 
of  walking  may  be  liiviJed  into  the  following  acts: 

First  Acl  (Kig.  300,  a).- — The  active  leg  ik  ventfal,  slightly  flexe<I  at 
the  knee,  and  supports  alone  the  center  of  gravity  of  the  body.  The 
passive  leg  is  fully  extended,  and  touches  the  groinul  only  with  the  lip  of 
the  great  toe  {:).  This  iiositioii  of  the  legs  corl^•spOIlds  to  a  right -angle 
triangle,  in  which  the  active  leg  and  the  ground  form  the  two  sides 
(catbcti).  and  the  passive  leg  the  h>-pothenusc. 


Fk-  i«o.~Plujict  111  ihr  Miivi'mrnl  »l  Wilklnil  The  Ihiik  linn  iitrrKKt  ilir  uiliir.  ihr  ihiii  linn  Ilir  iwuitr 
Iff:  k,  hip-jiiiui.  1  J.  kiwrjimi-.  I  t,  ahLIf  yiiur.  i  tl,  bnli  ■■  r.  ImU  oI  Uk  iiiittBlAn>>-|it.al*nc(al  yint; 
•  /<  liV  <d  Ibc  tmi  bit 

Sfcoiid  Act.— To  advance  the  trunk,  the  active  leg  tilts  from  its  ver- 
tical position  (caihetus)  into  an  oblique  position  (j)  inclined  forward 
(hvpoihenuse).  In  order  that  the  trunk  may  remain  at  the  same  height, 
it  IS  necessary  for  the  active  leg  to  be  lengthened.  This  i*  ucconipli^ihed 
first  by  complete  extension  of  the  knee  (3.  4.  5).  then  by  elevation  of  the 
heel  from  the  ground  {4,  5).  so  that  the  foot  rests  on  the  ball  formed  by 
the  hcails  of  the  metatarsal  bone,  and  finally  by  elevation  of  the  foot  on 
the  joint  of  the  great  toe  (j,  thin  line).  As  both  sections  of  the  fool  are 
successively  raised  from  the  ground,  like  the  links  of  a  measuring  chain 
that  is  lifted  from  the  ground  ("unwound"),  the  elevation  of  the  foot 
from  the  ground  has  also  been  termed  "unwinding"  of  the  foot.  During 
the  extension  and  forward  inclination  of  the  active  leg  the  tips  of  the 
toes  of  ihe  passive  leg  have  been  compelled  to  leave  the  ground  i^ii. 

While  this  leg  now  becomes  slightly  flexed  at  the  knee  tor  the  pur- 
pose of  shortening,  it  executes  at  the  same  time  a  "peiidulum-Iike" 
movement  (4,  5).  by  means  of  which  its  foot  is  moved  just  as  far  in  front 
of  the  active  foot  .is  it  was  previously  behind  the  latter. 

"When  it  attains  this  position,  the  foot  is  placed  flat  upon  the  groimd 
38 
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(i ,  2,  thick  Hoe).  The  center  of  gravity  is  transferred  to  this,  the  hencC' 
forth  active  leg.  which  at  the  same  time  assumes  a  vertical  position, 
somewhat  flexed  at  the  knee.    The  tirst  act  is  now  beg\m  again. 

In  vralktnj^.thc  trunk  ii1»)  cxhibtia  some  charactcrtstic  sccondai^' movements: 
(i)   It  inclines  i-jich  time  toward  tliv  i»cti\'«:  l<-|j,  a»  a  nsult  ot  traction  of  th«  glu- 
teal  mjisoW  and   tlic  trnsor  vngin.T  fpmoris,  with  the-  objfct  of  transferring  th*j 
center  of  gravity.     In  heavy,  short  persons  with  broad  privcs  ihi«  |>rDdiice«  the 
"waddling"  gait.     (»)  In  order  to  overcome  the  resisiancc  of  the  air  especially 
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in  rapid  walking,  the  trunk  is  Imlanced  at  a  fom'ard  inclination.  (3)  During  the 
"pmduIuni">motio]i  the  trunk  roiateit  slightlv  about  the  head  of  th«  active 
femur.  This  rotation  is  compensated,  especially  in  rapid  walking,  by  the  arm 
on  the  same  side  aa  the  oaciilntinK  leg  -swingin^'in  the  oitpnsite  direction;  wfaijc 
thaf  on  the  other  side  at  the  same  time  swings  in  the  same  direction  aa  the  oaejl' 

lalLDK  ICK. 

0.  Fischer  halt  accurately  determined  the  movement  of  the  center  of  gravity 
of  the  body.  The  exiemal  forces  to  he  considered  are  the  weight,  the  reststUte* 
of  the  ground,  the  friction  on  the  latter,  and  the  resist itncc  of  the  air 

The  time-relations  of  walking  are  inllueneed  by  the  following  conditions:  (1) 
The  duration  of  the  step.     At  the  rapidity  of  the  pendulum-motion  dependa  upoBj 
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the  length  of  thr  leg,  it  i>  C^'idcnt  thnt  each  tndividual,  in  ncccrdancc  «ith  th« 
loRgth  o£  hie  leg,  has  a  certain  natural  tini*  of  oEcilUtion,  which  cspcciaUy  in- 
fluences hi*  accustomed  rate  of  walking.  In  addition,  however,  ih*  duration  of 
the  step  d(;i>ends  upon  the  li^gth  of  time  during  which  both  feet  touch  the  ground 
siinultttncously.  Naturally,  ttiis  csn  tie  in^rriiged  voluntarily.  With  a  'rapid 
psc*"  the  penod  of  time  ts  zero;  that  i«.  at  the  same  moment  that  the  active  les 
If  placed  on  the  ground  the  passive  teg  is  raised  (>)  The  length  (or  stretch)  oi 
the  step,  which  amounts  to  »ix  or  seven  deeimi-tera  im  the  averaEt,  must  be  the 
greater,  the  more  the  length  of  the  h>-polhcnusc  of  the  passive  leg  exceeds  the 
cachetus  of  the  active  leg.  Hence,  in  the  longest  steps  the  active  leg  is  iiiarkedlv 
shortened  by  llcxivn  ut  the  kn-L-e.  sv  that  the  trunk  is  curned  at  a  lower  Icvct. 
Similarly,  lnnglcg«  are  ctpcoinlly  alilt-  lo  make  greater  ulepK. 

According  to  Marey,Carlct,«nd  H  Vierordt  thr  pendulum -movement  of  th« 
passive  leg  cannot  be  regarded  as  a  inie  pendulum -oscillation,  becatise  it  possesset 
a  more  nearly  unittinn  ramdity.  owmg  to  muscular  action  During  the  pendulum- 
mo^'ement  of  the  wliolc  limb,  the  leg  <iscitlate»  indeprndmth-  at  the  knee-joint, 
as  is  especially  evident  in  wpmen  According  to  Ed  and  Wm.  Weber  the  bead 
of  the  femur  of  the  jiosaive  le(f  is  held  in  the  acetabulum  chiefly  by  air- pressure, 
•O  that  no  muscular  acti%nty  is  neie»[ir>-  to  CiMT>'  the  whole  ejitrcmity  If  all 
the  omsclcs  and  the  joint '^^p^ulc  he  divided,  the  bead  still  remains  Bttachcd 
to  the  acetabulum.  By  ptdliug  on  the  thigh  the  borders  of  the  cartilaginous 
rim  of  the  acetabulum  ore  closely  applied  in  a  valve-like  manner  to  (he  margin 
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cf  the  cartilage  on  the  hen<l  of  the  femur  According  to  the  Xatements  of  the 
brothers  Weber,  the  thigh  is  released  from  the  acetabulum  as  soon  as  air  is  allon'ed 
to  penetrate  the  articular  cavity  by  perforating  the  boiiotn  of  the  socket. 

The  brothen  Wcher  showed  that  in  walmng  on  level  ground  aji  appreciable 
amotmt  ot  mechanical  work  is  performed,  as  the  weight  of  the  body  must  be 
lifted  several  centimeters  with  every  step,  Mnrcy  and  I>emerj'  estimated  that 
the  work  performed  by  a  person  weighing  64  kilos,  when  walking  slowly,  ia  equal 
to  tax  kilogram  me  tern  in  a  second:  when  running  rapidly,  it  amounts  io  56  kilo- 
grammetcrs.  The  perfominnce  consiMs  in  misiTiK  the  whole  iKHlyaiul  extremities, 
in  imparting  rapidity  of  motion  to  them,  and  in  lii-iiniaining  the  center  of  gravity. 
According  to  Riiha'thc  work  performed  in  each  second  in  walking  slowly  is  3,5 
kilogram  meters,  in  walking  at  a  medium  gait  5  46.  in  walking  rapidly  7.87.  tn  a 
^on  run  it.Sj,  in  a  brisk  run  43,87,  and  in  a  fast  nin  8^.50  kilogrommeten. 

A  bicycle-rider  going  at  the  rate  of  two  meters  m  a  second,  performs  t,ii 
kilograinineters,  at  a  four-meter  pace  451  kilogrammetcrs,  at  »  five-meter  pae* 
7.05,  and  at  a  «ix-metcr  pace   t«.)5  kilogrammetcrs.     The  normal  capability  of 
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a  l>ic>clc-T>dcr  is  tljrcc  and  ooc-half  minutes  for  each  Wilomcicr,  or  a  rate  o(  4.7* 
mclrrs  a  M:cnml.  witli  a  daily  ca)Mibili(>>  of  Irom  go  10  loo  kilomi-u-re.  Tht-  oorinal 
capability  of  a  workman  i»  in  this  cimticction  iiKumtd  by  compumon  to  be  6.5 
kilogrammcHTs  n  stern!.  A  l>iryct*-rnli-r.  K^^iiie  at  an  avcr(«i,-o  mie.  trav<Tfrca 
Ihe  satnt-  dislwiirt-  iti  h*U  tin-  time  snd  wilh  lialf  ihi-  tx]>«n)jlurt  o(  nirrgy  thxC 
a  pcdfiitmn  n.'qiiirts.  With  tht  sanit  niftnbolic  eonsumptif-fi  of  nmicular  tj<m«. 
the  1'Xi.Ttion  and  thr  (Ic^tr  eif  fiitijnii"  «i*  j^rtaUT  in  talking  thnn  iti  cyclin^- 
In  lung-coDlinut-d  cyclint;.  likcwiM:  in  lotiK  marchi's.  there  is  an  incica&c  in  thie 
coiuuinpttoii  u(  ciK-i'Ky  for  the  suvci^'iMVL-  units  of  di&taiice  ctn'cred;  at  ■  modcraM 
pace  thi£  incii'Hfi;  iitiitninlA  to  »)Hiiit  zo  jic-r  ecnt. 

The  pressure  cm  the  j;r"Und  in  walking  is  distritjutrd  in  ih«-  followinj:  mnnocr . 
Th<  BtippiJTting  kt:  always  prciscs  more  iinnly  on  the  groimil  than  the  otbcr; 
ihc  lonjjiT  the  ^^«p  Iht  ativriKer  iht-  nrrssuri;.  The  heel  uttains  ibe  moxintom 
pressure  more  rapidly  than  the  point  "I  the  (oot. 

Tilt  length    of   the   stop    v,-iric<  not    iner-nBidiTablv  even  when  a    voluntaiy 
ai1«mpt  i*  nude  to  have  the  steps  of  eqiinl  length:  as  do  nlio  the  dtgrt*  of  ftpr«Mt^9 
ing«(  the  Icgiand  thtduraiuni  oi  the  variouaphawinf  walking. 

knnnuig  (Pig.  202)  difTcrs  from  rapid  walkinj;  in  the  fact  that  a  mo- 
ment exists  in  which  both  legs  are  off  the  ground,  sn  that  the  body  hovers 
in  the  air.  The  active  leg,  in  being  forcibly  extended  frotn  a  more  6exe(l 
position,  must  each  lime  give  the  body  the  necessary  impetus. 

In  lumping  {Pi^.  20,?)  thu  body  is  suddenly  raised  by  the  most  rapid 
and  powerful  contractioii  possible  of  the  muscles  in  the  lower  extremi- 
ties, care  being  taken  at  the  same  time  to  maintain  the  equilihrium  by 
appivjpriate  museular  action. 

Pathoiogica].— Variations  in  the  n-alking  movements  depiaid  primarily  npoii 
diM-iiH-s  of  th<^'  b(inc&.  joint.t.  ligameRlft,  musKlen.  and  tendi^iit.     'rhi^  the  mtilor 
ncr>-es  must  be  taken  into  ennsidrration,  imtalion  imd  paralysis  of  which  £)%«! 
rise  to  disturbances  of  the  normal  movements.     The  extcni  to  which  the  scnsofy' 
nerves  and  the  reltex  appuratiu  in  t})e  Kptnal  cord  inDucncv  the  gait  is  pointed  out 
ya  pages  7(6  and  ?»S. 

H^  Vierorrit  has  applied  the  graphic  melhoil  to  thp  analysis  of  puTu  ' 
varieties  of  pait.     Anionc  these  are.  for  example,  ih*  ipact»;.  the  otrl 
Kig-:!.-!^  t^iit.  the  gait  ut  tntiev  and  that  Lit  puru]y):i>i  aj^itant      Ahasia  :.i:>.  .......  _ 

are  the  terms  :ipplii-il  by  Bloei|  in  i«»S  to  ilie  inability  m  walk  and  stain]    ariMti|; ' 
from  terebtal   arfeclions    (hysteria,   hypocbondna.   violent   cniotioiis.  mii>craloe 
conceptions,  vertiKo).  while  all  other  movcttunts,  even  thoMc  nf  the  hfs,  can  be 
executed  »vilh  full  force  ami  coOri I i nation. 


COMPARATIVE  STtTDY  OF  MOTION. 

The  absifitii^  muunuir  .iicgy  in  animals  is  not.  gi-nerally  speaking.  appr<ciahty 
ililTerent  (rom  that  of  mar.  The  greater  exhibitions  of  force  tneo«ntvr*<!  in  the 
animal  tcinKtlcm  arise  from  the  thicknt-wi  and  numl:er  irf  the  muscles,  as  well  as 
from  differences  in  the  nrrtinKtmcnl  of  their  k-\eraj:e  or  in  the  means  for  the 
transference  of  force.  Thus,  for  example,  insects  are  capable  of  exertmg  a  Jtrrat 
amount  of  force,  sutne  of  tJiem  licing  able  to  drag  67  lime^t  their  own  wcighl, 
while  a  horse  can  scarcely  draK  its  own  weight,  Whde  further,  for  example,  a 
man.  by  pri'ssure  00  a  dvnnnionicter  with  one  hand,  ovvreonK-s  a  weight  e^jual 
to  0.^0  lime  his  own  iHidy-weiKhl.  a  6vg  by  lifting  his  l<>wir  ;aw  can  ovcreomc 
a  weiffht  S.^^  times  that  of  his  body,  a  crab  by  closin;;  its  flaw  nvereonies  jS.y 
times  Its  weight,  a  niuK«-l  in  closing  its  Khell,  tKj  times  its  bixly- weight, 

Siatutittg  is  made  easier  in  quadTU[>eds  iiy  reason  of  ilie  much  greater  tup> 
porting  Kurfacc:  the  springiiiK  animals  assume.  Wstdes,  nuircof  ajtitlmfpoaJtiMi  ^ 
and  often  a*«  the  tail  a^  an  additional  xupi.xirt  (kanK'imo.  squirrel).  Hirds  pooei 
a  mechanical  arrangement  by  means  of  which,  in  |^*Tching.  iheir  Iks  arc  (Irjtcd. 
in  this  way  they  are  able  to  retain  their  grasp  on  twigs  when  jLiIdrp.  In  tbe 
stork  and  the  crane.  proloiiji"cd  »(anilinu  on  one  lej;  tv  mode  c ■■-■■  '  ■  ■'■■■  '  ■  t  that 
DO  muscular  actiwi  is  rr<^uired  to  n,nd<T  the  kx  n^id;  tix.i  by  a] 

process  of  the  tdiia  titling  into  a  depresaion  on  ihc  articular  ;_  _   _         '  j     ;■  nior. 

Iaiv>j/JlriN.<,  agait  can  Iw  distinguished  in  quadrupeds;  the  four  feet  are  mnved 
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at  illtTerent  limM.  and  nlwavs  dinijioniilly  one  after  the  Mher;  for  exatiipk.in  Ihe 
hijrH-',  n^ht  fi>Tv  Icfl  hind;  It-ft  ("«■,  hghl  hind.  In  lrr>tling  ihen^  is  an  aci-clrra- 
liori  of  this  gail.  so  that  the  legs  are  moved  together  diagonally  at  two  different 
limes,  while  the  hotty  m  at  the  »umc  tune  r;im-d  hiKh«T  In  the  inierval  l>etween 
boih  hiMif-lH-iit)i  ihc  Iwdy  is  in  the  air  half  the  titru-  in  ordinar>'  Inrtting.  longer 
in  an  cxtcndvti  trot. 

The  ealhp-  \\'hfn  a  Criglit)  gaJloping  horse  mnvcs  hnriEontatly  tlirougih 
ike  air,  ine  Ivft  hind  foot  comes  down  hnt.  Shortly  afterward  the  left  fore 
foot  and  the  nght  hitid  foot  conw  down  simultaneously,  the  right  (ore 
foot  ha*  nfH  yet  ft-aclied  ih*  ground,  and  is  din-cttd  far  forward-  Up  to  thja 
point  the  body  has  maintained  its  honiontnl  jiotition.  When,  however,  a 
few  moinenii  later,  the  left  hind  fmit  lcn\-es  ihi-  j^mnd.  it  is  at  a  higher  level 
thiin  Ihc  lore  fiMit,.  at  Ihr  Kime  lime,  the  right  (ore  foot  is  also  brought  down  and 
placed  far  forward;  the  right  hind  leg  and  the  left  fore  leg  are  in  extreme  exten- 
don.  At  Ihe  next  moment  these  linilis  iibo  leave  the  grwund,  and  the  hind  fool 
iiiires  siich  im  nscf^ndeiicy  iivcr  tht^  fore  fm't  that  il  comes  to  he  sitnat^'d  much 
_Ber  than  the  lattvr,  The  body,  therefore,  is  thrown  forward  and  doiniwanl 
ODtil  the  right  ft-re  leg,  which  alone  HtiU  iou::lu-s  lh<  ground,  contracts  actively, 
and  p\i»hcs  the  l>-«1y  forcibly  from  the  gnmnd,  Wlien  this  has  occymd,  the 
hofiui  ;u;ain  soar*  in' aii*  vnth  the  liodv  Arreted  horiEontally.  In  galloping  the 
longituiHnnl  axis  of  the  hursc'it  Iwdy  is  placed  ohii(|yeIy  to'the  direction  of  the 
movement,  forming  an  acute  angle'  In  an  irm-ndtyi  ^al^p  (cani^re),  which  is 
really  a  continuous  jumiiing  motion,  ihe  right  him!  leg  ami  the  led  (ore  leg,  for 
example,  tlo  not  nach  I  fie  j^mnd  simiillaneously,  the  former  strikiuE  lirsl.  The 
rapidity  of  this  movement  in  the  horse  ii  SjJ  feel  a  second.  Most  beasts  of  prey, 
han-ft,  eie  ,  em|il<iy  <iiily  the  curritre  for  ra]:id  in«ivi-itiimis. 

The  i»«('''i-  IS  il  mifliticatinn  of  the  koU  that  i?  peculiar  to  many  animals, 
for  example  the  camel,  ihc  giraffe,  Ihe  cicphanl.  It  occurs  alao  in  dogs  and  in 
hoTM-s,  but  it  is  not  a  fuvonte  yatt  with  the  latter,  it  consiaU  in  advancing 
both  feet  on  the  same  side  asimiiltant'ously  or  almost  so, 

Manry  fastened  comjirMisible  ampidlic  under  the  hoofs  of  the  horse,  eonneeting 
them  with  negisipring  apparatus:  and  thus  accurately  rcvorded  the  lime- relations 
of  ihi.'  variouK  gaits.  Miiylmdw.  in  1871.  was  ihe  fir^t  to  obtatn  series  of  im.tantA> 
neons  photographs  of  running  norses.  which  Schmidt -Mdlheim  placed  togeiher  in 
the  itroboscdpe. 

In  tnakes  the  prtij^ressiim  of  thc^  htxly  Ik  secured  liy  elevation  and  deprcudan 
of  the  ritw  in  a  manner  n.-«-mbIiiiE  rtiwing 

SurimmiHg  is  an  acquired  art  on  Ihe  pari  of  man.  The  specific  gravity  of 
the  whole  body  is,  on  an  average,  »omewhal  higher  than  that  of  river-water, 
though  somewhat  lower  than  that  of  wn-water.  In  Ihe  qmet  dorsal  decubitus, 
with  only  the  mouth  and  the  now  abovo  Ihe  surface  of  Ihe  water,  sinking  can 
be  preveiiied  bv  slight  downward  pressing  movement*  of  the  hands:  Bonwtimefi  no 
movinni-nt  at  hII  may  be  neeiTKwirj-  In  this  niiyition  progression  may  be  accom- 
plished by  simple  extension  and  adduction  0/  the  lees  The  movement  may  be 
accelerated  by  oiir-lil<u  sirokes  with  the  arms  Swimming  on  the  abdomen  is 
more  dilbcult'.  bicaun-  the  head.  Im-iok  heltl  jihnve  water,  increase.H  the  s|iccific 
weight  of  the  liody.  The  body  is  advanced  nnd  held  ,-diove  waU-r  by  movements 
divided  into  the  following  three  phases;  Kirsi  phase,  horiiontnl  rawing  movemcni 
of  the  extended  arms  ir-'in  befnre  backward  lo  the  horiKontal  positi<jn  (forward 
movirmentl;  sccmid  pha*e,  downward  pressure  of  the  arms  toward  the  depth, 
with  Kubwqiient  adduction  of  th*  rll>owK  to  the  boriv  (elevation  of  the  body), 
(ogether  with  a  drawing  up  of  the  extended  legs:  thiwl  {jhase,  forward  thrust  of 
the  arms,  in  cmiuiLt  with  each  other,  and  at  the  same  linit-  e.xtension  and  ad- 
duction of  Ihe  Ipgs  iibli'jui-ty  liackward  and  inwani  the  dejilh,  ax  a  n'sult  of  which 
both  elevation  of  the  body  and  forward  progression  are  cffccled  Vnduly  rapid 
movetnent*  arc  exhausting  and  defeat  Ihtir  own  piirpcute.  Special  attention  slicnild 
l>e  paid  lo  Etiitalile  ri'spimlorv  movrmc'nts. 

Many  land  mammnie,  whose  bodies  are  specificany  lighter  than  water,  move 
thmuxh  it  with  a  walking  motion,  capccially  of  the  hind  lcf;h;  at  the  same  lime 
the  feet,  beinfi  direett'd  dmrnword.  asinrt-  the  nurm.il  positi"n  n(  the  Iv.'dy,  as 
they  af  sii.'i  iIk-.iIIv  the  heaviest  parts  "f  the  bndv  Those  mnmniaU  thnt  livir 
much  in  tlic  water,  ae  well  a4  reptiles  and  amphibia,  possess  webbed  feet  and 
a  projielling  lail  partly  resembling  that  of  fich.  Whales  resemble  fish  in  the 
external  npp<*arance  of  th«r  tmdies 

Fish  primarily  make  tise  of  llwtr  tail  as  a  motor  organ,  which  is  moved  by 
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the  powerful  lateral  muscles.  Usually  the  caudal  fin  U  bent  in  two  oppositv ' 
(iircctions  above  and  below;  in  slight  movements  it  is  bent  only  in  one  dirrdion. 
By  euddcn  extension  <A  the  l&il,  the  titth  exerts  a  [Tcasurc  against  U»e  water, 
and  thrutta  itself  fonvard.  Many  tieh.  such  xa  the  salmon,  can  thus  hurl  tbem- 
selvcG  up  out  of  the  water.  The  dorsal  and  anal  hni;  mnmtam  the  v<-rtical  peti- 
tion. The  pectoral  and  abdotninal  fins,  corrt'sponding  to  the  rslmnities.  rflfpct 
the  smaller  movements,  especiallv  upward  and  downward;  durtrg  sleep  the  ab- 
dominal tins  are  spread  out.  M<)»t  lish  poiuets  a  swimm in g- bladder.  This  ia 
wanting,  however,  in  Tnan>r  canila^nci  (cyclotstomi) .  or  15  rudimentary,  as  in 
the  shark.  It  cither  opcna  into  the  alimentary'  tract  lliTough  the  air-paisagc.  or 
the  latter  is  only  a  teinpOTar\-  ntniclurc  that  i»  Inter  obliterated.  The  flwiinmine- 
bladder  is.  in  pi^.  to  be  recorded  as  a  respiratory  organ  with  aUcrcni.  and  eilercnt 
vessel*,  while  in  part  it  serves  for  hydrostatic  purposes.  In  the  dipnoi  the  Madder 
ia  tranafonncd  into  a  lung.  The  body  of  swimminK  birds  has  a  mvtcfa  Ughteri 
specific  ^avity  than  has  water,  while  their  feathers  nre  luhncnted  by  the  eoecygeal 
glanda.     They  propel  themselves  forward  with  their  webbed  feet. 

Flying,  in  mammals,  ts  confined  to  the  bat  and  its  allied  species.  The  bones 
of  the  upper  extremities,  including  the  phalanges,  are  creatly  lengthened.  Be-; 
tween  the  latter.  »s  well  as  the  hind  limbs  (except  the  feet),  is  stretched  a  thin 
aiombranc.  which  also  partially  ineltides  the  tail.  The  flWne  movement  of  this 
membrane  is  effected  by  the  powerful  pectoral  muscles,  whirh  arise  in  part  from 
A  ridgc-Ukc  elevation  of  the  sternum  and  the  strong  clavicles.  Th«  to-called 
fiying  lemurs,  souirrcls.  and  opossums  have  merely  a  duplication  of  the  skin. . 
Stretehed  laterally  between  the  larger  bones  y(  the  extrciiiitic*.  and  ser\'ing 
as  a  parachute  in  jumping. 

Hsn  is  unoblc  to  imitate  flying  movements  suecessfullv,  for  even  though  he 
were  able  to  construct  artificia'l  win«,  he  would  still  lact  the  strength  of  th« 
pectoral  muscles  that  is  neceiisary  to  etiect  elevation  of  the  body. 

In  birds  the  boily  S|)cciiically  is  cxcccdinuly  light,  l^rgo  air-sacs  extend  frovn 
the  lungs  into  the  thoracic  and  abdominal  cavities:  even  the  bones  are  connected 
with  the  lungs  by  special  canals,  no  that  alt  tlie  spaces  in  the  bones  of  the  cranium, 
spinal  column,  bill,  and  extrernities  arc  filled  with  air  inatcud  at  marrow.  The 
upporoxtrcmities,  transformed  into  wings,  arc  supported  by  the  powerful  coracotd 
boae  and  the  clavicks  (furcula),  the  Utter  bring  fused  in  the  middle.  The  wiags 
are  operated  by  th«  powerful  pectoral  muscles,  which  ariu!  from  the  large  crest 
of  the  Btemiim , 

In  flying  upward  the  wings  ai«  half  closed,  and  are  moved  with  the  anterior 
border  directed  obliquely  forward  and  upward.  The  plane  of  the  wings,  without 
nfTering  resistance  to  t^e  air,  follows  in  the  same  dirrctirm  as  the  edec  of  the 
nwines.  Then  the  latter  arc  spread  out  ia  a  large  arc  downward  and  backward, 
with  iheir  surfaces  pressed  downward.  While  the  under  surfaces  of  the  wings 
press  aK^in.^t  the  air  from  above  and  forward,  downward  and  backward,  the  btnl 
moves  lomard  and  upward.  Birds  con  rise  only  against  tbc  wind,  portl)*  because 
the  wind  striking  horizontally  agamsl  their  backs  would  press  Ihcm  down,  and 
partly  because  it  would  disarringe  their  feathers.  By  meansof  arevcJvingphoto- 
graphic  camera,  arranged  in  an  apparatus  re«rmbltng  n  musket.  Marey  obtained 
complete  series  of  pictures  of  Sying  biid«  at  which  he  directed  the  apparatus. 

Among  in  vertebra  tea,  all  insects  possess  six  legs.  In  addition  some  of  them 
(buttcrHies.  l>ees)  have  two  pairs  or  wings  on  the  second  and  third  thoracie 
segments.  In  beetles  and  earwigs  the  lirst  pair  is  merely  a  covering;  in  tba 
strepsiptcra  it  i*  entirely  rudimentary-.  Cnnvcrsclv.  in  the  flies  the  second  pair 
of  wings  is  reduced  ici  ^m^ll  nwingin?  Imllis,  Lxc.  tlcu.H.  and  bcdbuea  have  no 
wings  at  all.  All  spiders  have  eight  legs,  the  moths  ha\-ing  six  in  tbeir  youUi. 
In  the  centipedes  tlic  lirst  three  body-rings  carry  each  one  pair  of  legs,  white 
all  the  rest  have  either  one  or  two  pain*.  The  crustaceans  also  possess  numerous  ■ 
feet,  as  a  rule,  some  of  Ihem  undergoing  peculiar  trnnsforraationa,  for  exampU 
in  tbo  river-crawfish  into  mandibles,  claws,  nmbulatory  fpct,  atidoinnial  swnmmtng 
feet  and  tin-foot.  In  the  arthropods  all  of  the  muscles  are  inserted  on  the  inner 
siirface  of  the  chilinout  covering.  The  muscles  themselves  arc  highly  developed 
and  capable  of  a  great  amount  of  energy  and  rapidity  of  moven»mt 

Molluscs  lack  internal  supporting  organs,  while  external  ones  (shells)  of  simpler 
construction  are  present.  The  muscles,  which  arc  partly  striated,  torm  a  musculo- 
cutaneous  tube  Boout  the  body  that  causes  the  changes  in  the  fonn  of  the  body. 
In  mussels  the  strong  single  or  double  sphincter-muscle  of  the  shells  is  noteworthy. 
In  the  peden  (scallops)  this  muscle  effects  a  springing  movement  in  the  water 
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b^  rapidly  bringins  the  shells  toscthcr.  The  molluKS  provided  with  fhi'lls  yoiaem 
sirong  rciractors. 

In  the  worma  likewise  th«  integument  forms  with  tbc  niusctcs  it  musculo- 
cutaiiFous  lube.  The  unsiriatcd  mu«cle-fibe»  pftss  either  lonffimduially  only 
{rotind-wormfi).  or  Ii^ngitiidinftliv  and  t rAnsversflv  (scratchiHR  wornw),  or  finally 
longitudinally,  transversely  and  vertically  through  the  body  (flat-vronnG) .  Some 
wonns  posse&s  muscular  suckers,  and  othet*  one  or  two  pain  of  motile  stump- 
lilce  fe*l.  Ill  fijuiid-wonns  the  epideniial  cells,  and  in  some  briMle-womw  ine 
intestinal  cpiihchum.  pass  directly  ovc-r  into  musclc-cclls,  both  togcihci  Ijcine  called 
" epi lb clio- muscular  ccUs."  In  the  echinc.derms  also  the  muscles  arc  united  with 
the  iateffument ;  in  the  holothuriann  there  in  tui  exlciniil,  continuouti  liiyer  of 
cireulftr  fibers,  beneath  which  is  a  longitudinal  musciduiurc,  urrsuijccd  in  iive 
Mparat*  b»nd6. 

In  the  Btar-fiah  and  the  hair-stars  Hpecial  nmselca  move  the  limbs  of  the 
radiating  part):  of  the  body.  The  sea-urehm,  surrounded  liy  a  fiim  limc-capmlc, 
hat  special  muscl«  that  move  its  gjniies.  ami  by  means  of  which  it  is  capable  of 
locomotion.     The  ambulacra!  feet  also  aid  in  locomotion. 

In  the  cetcnterates  the  muscle-tibcrs  are  tran^ormed  seclionA  of  epithelial 
cells.  Hence,  there  arc  present  "iriiithelio-muscular  cells."  which  are  striated  in 
thcmedu&i,  andunstriaied  in  the  anemone  and  hydroid  polyn,  Thcfrc«  cpilhelial 
pari  may  be  provided  with  ctlta.  In  tin.-  medusa  ihc&c  (.kmcnts  lie  partly  on 
the  umbrcUii  and  partly  tm  the  tcntuclcs.  Amonr  the  polyps,  the  actinia  have 
a  strong  muscular  base,  and,  in  addition,  longitualnal  and  circular  liters  on  th« 
body  and  on  the  t«ntacli!a.  In  some  poly-ps  muscles  also  accompany  the  gastro- 
vascular  apparatiiS. 

AmoDS  the  protozoa,  athated  mutcle-liberii  have  been  found  in  some  infusoria, 
for  example  in  the  policic  of  the  voriicella:  while. in  addition,  the  movements  are 
executea  by  the  movable  protoplasm  of  the  body,  or  by  voluntarily  motile  cilia. 


VOICE  AND  SPEECH. 

SCOPE    OF    THE   VOICE.     PRELIMINARY    PHYSICAL    COWSIDERATIOHS 
CONCERNING  THE  PRODUCTION  OF  SOUND  IB  RE  ED -APPARATUS. 

The  current  of  expired  air.  and  under  certain  circumstances  also 
that  of  inspired  air,  can  be  employed  to  throw  the  tense  true  vocal  bands 
of  the  larynx  into  regular  vibration,  as  a  result  of  which  a  sound  is  pro- 
duced.    This  is  termed  the  human  voice. 

The  true  vocal  bands  of  the  larynx  arc  clastic,  "membraaous  reeds."  By 
|'re«dit"  art;  meunt  elastic  plates  that  almost  coinjiletdy  fill  the  .ipact  (frame} 
in  which  they  arc  spread  out,  leaving,  however,  it  small  gpacc  for  thvir  movement. 
If  air  be  blown  ag&inst  thv  rwds  fn^m  n  tuV-c  below  ihcni  (air-lul-r),  they  will 
yield  at  the  rocment  that  the  tension  of  the  air  ovcrcom";*  the  cluatic  tension  of 
the  reeds.  In  this  way  a  coniudernblc  fiiLtntity  of  air  suddenly  cacapcs,  its  tension 
rapidly  diminighes,  and  the  reeds  return  tn  their  former  position,  to  repeat  again 
the  movement  described.     From  the  fort-going  it  results  that— 

I.  During  tlie  vibration  of  tbe  reeds,  altrniate  condrntation  and  rarefaction 
of  the  air  must  take  place.  It  is  chiefly  this  that  (as  in  the  siren)  produces  the 
sound,  not  so  much  the  reeds  thcmselvca. 

a.  The  " air-lul)e, "  which  conducis  the  air  to  the  membranous  rreds.  consists 
is  the  human  v<;ice -apparatus  of  the  lower  section  of  the  larj-nx,  the  trachea, 
and,  below,  the  entire  bronchial  tree.  The  bcllowa  is  the  thorax,  dinuni&bcd  in 
«i*c  during  expiration  by  muscles, 

3.  The  air-passage  above  the  reeds  is  called  a  "  reinforcing  tube,"  and  consists 
of  the  upper  section  of  the  larynx,  thcpharyn^t,  and  also  the  oral  and  nasal  cavities, 
which  are  arranged  in  two  stories  one  aoove  the  other,  andean  be  closed  altematdy. 

The  pitch  of  the  tone  depends  upon  the  fr)llowinii  factors: 

(a)  The  length  of  the  elastic  plates.  The  pitch  is  inversely  proportional  to 
the  lengtli  of  the  elastic  plaics:  that  is  the  fewer  the  tmits  of  lengih  that  enter 
into  the  elaaiic  plates  the  more  numercjus  will  be  the  units  of  linit-  (vibrations) 
entering  into  tht  tone  priKluced.  For  this  reason  the  pitch  of  the  shorter  vociil 
bands  in  children  and  in  women  is  higher  than  that  in  adults  and  in  men. 

(b)  TIk  pitch  of  the  to«i«  is,  further,  directly  proportional  to  the  square  root 
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of  the  elasticity-  of  the  elastic  plates.  In  the  case  of  membnnous  needs,  and  alto 
in  thnt  uf  silk,  it  is  dirtctly  proiicrtiojinl  tu  tlit  square  ruot  of  the  cutending  weight. 
whk'li  in  iht-  Inrj'iix  (■(irrcn|iirtn).s  lu  thr  fiinri-  of  l.lii-  totisiir  iniixics 

(iT)    In  itiocosc  'A  mcnil-raiious  rci-d^  a  mtirv  fxiwcrful  tflost  not  only  strcn^tbma, 
the  lone  by  iniircu&in^  the  amijlilmlL-  i-f  vilirutiun.  but  it  also  raises  tlic  pitch  <  ' 
the  loHo,  btcaust  the  fjTc-utcr  innplttuik-  of  vibratioti  increase*  Xhv  muan  tenuc 
at  the  elastic  metnbram-. 

Among  physical  inilucn^vs  tho  following  further  arc  t»  ho  noted : 

(rf)  Tlie  reinforcing  tube,  which  is  exceedingly  vari.-tbte  in  form,  also  resounds 
when  the  liir>-nx  u  intonated:  tt«  primary-  umv  is  intn>;led  uith  the  sound  of  the 
elastic  rwiis,  and.  thus,  it  is  nblc  to  nnnfortc  ccrtiiin  overtimes  of  the  latter. 
This  subject  will  be  discuiucd  in  greater  detail  in  the  section  on  voice-formation. 
The  iiidiviilmil  cliaracleri.ilifN  of  (he  voim!  ilt-jitrid  ^^Ml.■lUially  ujmn  the  form  tA 
the  rcmforcing  tube.  In  m-d-inBtrumcTitii  the  pilch  of  ihc  tones  con  un«l>Hiblcdl]r| 
be  inllucnccd  by  vttr>'ing  lengths  of  the  reinforcing  tuK-;  but  vJiis  is  not  takcai 
into  con  vide  rat  i<.>n  in  the  case  of  the  Iar>^x. 

(c)  During  intonation  of  the  reeds  the  ttronf^st  resonance  calces  place  in  the 
air-tubi:,  as  the  latter  contains  cotn|ire>:«c<J  air.  This  cauwa  tlw;  vocal  rcwmance 
that  is  heard  u-hen  the  car  is  applied  lo  the  ehest-wall  Strong  intonatii;)!!  may 
even  cause  an  accunipanyinK  vilirniuui  of  the  thoracic  wall  In  weak  individual*, 
and  in  caws  of  falwtti)  vnicr.  tlii-  viical  resonance  i*  execedinjfly  sUitbt. 

if)   Narrowing  or  widening  of  the  glottis  has  no  effect  on  the  pitch  uf  the, 
tone:  but  with   the  gloitb  wide  open,   disproportionately  niorc  air  must 
through  it.  thus  niateritilly  increa-sing  the  work  of  the  Ihomx. 


ARRARGEMEirr  OF  THE  LAItrnX. 

Cartilages  and  Ligaments  of  the  Larynx.— The  fundamental  framework  of  the 
larynx  is  formed  by  the  cn<jL-id  caitilagv:.  which  in  shaped  like  a  seal-ring.  Tfae 
infurior  coniu  of  the  Lhyrvid  carlila);e  articulates  with  Ihc  cricoitl  in  it»  i>oatcro- 
jaternl  region,  This  joint  rtUow*  the  plnlc  of  the  Ihvroid  eurtilnge  to  tdt  forwartl, 
the  iiiclinntinii  oceiirnng  .is  a  rotatory  movement  about  «  horiiontal  axisecmneelinj^' 
the  two  joims,  the  upper  border  oi  the  cartilage  movinR  foru-ard  and  downwnr 
The  joints  also  peimit  a  slight  shifting  of  the  Ihynnd  cartilage  on  the  cricoid 
upward  and  downward,  forward  and  hacL'wanI  Tlie  triangular,  pyramidal 
arytenoid  canilagei  articulate  on  the  upper  bonier  of  the  plate  of  the  cricoid 
cartilage  to  one  side  of  the  ine<lian  line,  forming  Approximately  a  saddh-Khat^d 
joint  with  oval  articular  surfaces.  The  laller  permit  a  double  movement  on  (tic 
part  of  the  ar\'tenoids,  namely  rotation  on  their  base  alinut  their  vertical.  »onie- 
what  oblique,  lougiludiiiul  iLxis.  by  which  the  vocal  process  directed  forwrard  ia 
rotated  Outnard  and  upward,  and  the  muscular  process  directed  outn-ard  and 
overlapping  ihc  bnrdcf  of  Ihc  cricoid  cartilage  pr-stenoriy  is  rotated  inward  and 
downward,  or  coniTrBcly.  In  addition,  the  ar^-tenoid  cartilages  may  be  displ«ced 
somewhat  inward  or  outward  on  their  liases. 

The  true  vocil  hands,  or  vocal  li^aineiirs.  are  cointKKcd  principally  of  elastic 
fibers.  They  arise  close  together  fn.»ni  about  the  middle  of  the  internal  angle  of 
the  thyroid  cartilage,  and  are  inserted  on  the  vucal  processes  ot  the  arytenoid 
cartilab*  directed  furwjird  The  ' vcntriiles  of  MarKngni"  allow  free  play  (or 
Ihc  %-ibrations  of  the  bands,  and  separate  them  from  uie  upper  "false'  bwuki, 
or  ventrieulai  liftantents,  which  are  covered  by  a  fujd  uf  raucoua  mcmbraoe.  TImI 
latter  take  no  i>iii-t  in  phoiiation  Niiiiktous  muvous  glands  of  the  mucous  mem-* 
hrane  keep  the  vocal  bands  moist. 

In  accordance  with  the  functions  oE  the  lar\*ngcal  cartilages  in  eonn«cticm 
with  the  Yoice-apparatuB,  C,  Ludwig  has  called  thie  cricoid  the  "found»tion-carti> 
lage."  llie   thyroid    the   '  lenMon-cartilage."   and   the  arytenoids  the  "positioti-^ 
cartilages  " 

Owing  to  the  oblique  downward  inclination  of  their  under  surfaces  the  vocal 
bands  readily  come  lugetlier  whi-n  the  K'loitia  ia  narmwcd  daring  inspiration  {for 
example  in  sobliinj;*,    and  if  Ihc  gh'tlis  is  already  closed,  inspiration  makes  thinj 
closure  still  tirmer      The  false  vocal  bands  exhibit  the  opposite  relation,  for  wheal 
in  mutual  contact  Ihey  are  readily  ecparaled  durinv  inspiration,    while  duringJ 
expiration  they  readily  close,  owing  to  the  inHation  of  the  ventricles  of  Morga^i.' 

Action  of  the  Laryngeal  Muscles.— y>i/.ii.i/ioi)  of  itw  ghttis  is  tffect^J 
by  the  posterior  crico -arytenoid  muscles.     In   dramng^  the  muscular 
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processes  of  the  arytenoid  cartilages  backward.  do«Tiwan3.  and  toward 
the  median  line  (Fig.  308).  these  muscles  cautie  the  corresponding  vocal 
processes  (/.  /)  to  separate  and  move  upward  {I J,  ff).  A  large  isosceles 
trianElc  is  thus  formed  between  the  vocal  bands,  and  another  between 
the  inner  borders  of  llie  arytenoid  eartiJages,  having  iheir  bases  in  con- 
tact, so  that  the  aperture  assumes  a  rhomboidid  form. 

PaibologlcaL'Pantlyais  of  thwe  muscira  miiy  cause  imcnw  irwjiiratoiy 
dyBiiiii-a.  1. 11  iircoiint  of  iVh^  failure  of  the  glottis  to  dilate.  The  voice  rcmaina 
uncnnnKcd.     In  a  freslily  excised  laryax  the  dilalurs  first  loec  ihcir  excitability. 


JWl. 


J 


'^A 


JtLtK*^ 


Cr.i 


'W.«.tl>. 


'■  /r- 


ha.  Mt.-iAai«flo(  \'K«  ii(  the  Ij^ni,  «l[li  iii  Uia- 
maUUA  UmcuUi  liiKnl<jni:  O.  h,  lijold  Incu. 

C.  ifc,  ihyKiW  ciniiJiit,  cvwp.  irrf ,  nxiui  triii- 

etum-.  C-  I  ,  ifii'.Mfl  '"iflNl.iui!-;  C  i'  ,  Tr^jh**! 
arUlua:  Lti-  <^y  -''-">■•<  mtJ .  mdliin  rb!n> 
byolJiiitM'nenu  Lit. 'it  h  J-iv ,  iiiixil  lhiTi)-hw:i'i 
U^unrnr,  Lit-  '^^'  "ivf.  md,.  mcdiao  friu»-Thy- 
RUd  UitaiFiFai:  Lig.  nU.  fari..  (Jtra  irtilin!  li^a 
■Htm;  il.  >i.  A..  K(mu-h>oiiI  muHlai  i/.  li 
hjatd.  thtm-ttroiit  muiclc-.  V.  tt.-tk..  Htrnuvlbv' 
toid  niuicic:  jf .  r;  /*-,  tii(n-ili)(uid  miucl*- 


Fli..  »si.— I'r.Mitriiir  \kv  uI  ilic  LuTiu  atli'i  Ki^ 
movil  ct  (III  MuhIti,  £.  (|id||t<-liii  xiih  <hi  nuli 
iunlll"):   L  ur -1^  ,  iiy-ruKloiIk-liniinint^  If  n,, 

t".  i\.  t»iljli)ir»  ul  iinlurini:  C .  arU.,  niyl'im*" 
fan'Ue":  I.  .  ,  rrit'.iil  t.-irtl  lii<T :  P-  m.,  ttita- 
(ulur  priicm  of  iIit  irytinoiil  c&ilila)(Ci  L.  a, 

<j'.,  triio-.mirniiiil  lUunml.  C  i.tiipmurcumu. 

(T,  •  i,,  [■■inii.infrti.iir  kmliMliioiil  liijuricnl: 
lucuon  ol  ihc  lini  llui . 


Aisa  in  the  presence  of  organie  disease  in  the  distribiilion  of  the  rccMirreiit  nerve. 
the  brnnch  to  the  poitenor  chco-arylcii'Jid  rtmsclo  is  the  first  to  be  paralyzed. 
Likt'wise.  in  coi>ling  iho  cxpiiwd  retmrrent  norvc,  tliiK  l>ra!icti  ik  always  ihe  tirst 
to  fail  in  its  function. 

The  cotislriclor  of  tht  etttrance  to  the  larynx  is  the  iransverse  arytenoid 
muscle,  which  connects  the  two  outer  borders  of  the  ar%'tenoid  carti- 
lages by  transverse  libers  throughout  their  Icnjfth  (Fig.  209).  On  the 
posterior  surface  nC  this  muscle  .ire  situated  the  crossed  Imnriles  of  the 
oblique  ar>'tcnoid  muscles  (Fig,  306),  which  have  a  similar  action. 

Palfatdoglcal.— Parnlysi!.  of  these  inui«lcs  renders  the  voice  feeble  ftnd  hoarse, 
OS  much  air  escup«s  betw<.-vii  the  af>'tcnoid  curtilages  during  phonation. 
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The  tension  of  the  vocal  bands  is  effected  by  the  action  of  muscles  in 
separating  their  two  points  of  attachment  from  each  other.  To  this 
end  the  thyroid  cartilage  is  drawn  forward  and  downward  chiefly  by  the 
crico-thyroid  muscles,  the  angle  of  this  cartilage  being  at  the  same  time 
somewhat  enlarged.  One  can  readily  convince  himself  of  this  move- 
ment by  feeling  his  own  larynx  during  the  emission  of  high  tones. 
The  same  muscles  also  approximate  the  anterior  arch  of  the  cricoid 
cartilage  to  the  inferior  border  of  the  thyroid  cartilage;  and  as  a  result 
the  posterior  plate  of  the  cricoid  cartilage  undergoes  a  backward  in- 
clination. At  the  same  time  the  posterior  crico-arytenoid  muscles 
must  draw  both  arytenoid  cartilages  somewhat  baclcward,  and  hold 
them  in  that  position.  The  tense  vocal  bands  become  longer  and  nar- 
rower. 


FlO.  »oS. — Diagi»mm»tic  Horiioniiil  Section  Ihrough 
Ihe  Liryni:  /.  1,  PojilioQ  o(  the  aryieaoid  carti- 
Ua(9  during  respiraiioD,  in  hgriionlal  mcUod; 
from  iheir  anttrior  anjcJ«  nin  Ihe  convergent  vocu 
bands  to  the  tnlemaJ  an£le  of  the  thyroid  cartilage. 
Tlie  arrows  indicate  the  direction  01  traction  of  the 
[lOflerior  ciico-arytenoid  muscles.  //.  II,  Poii- 
tion  of  the  arytenoid  cartilages  as  a  remit  of  the 
•ctioo  of  thcK  muscles. 


Fia.  300- — Diagrammatic  Horiicntal  Section  through 
the  Larynx,  to  Illuslrate  the  Action  of  the  Aryte- 
noid Muicle:  /,  /.  PoiitioD  of  the  arytenoid  caiti- 
lagea  during  guiel  retpratlon.  The  arrowi  iAdi- 
cate  Ihe  direclioa  o<  traction  of  the  muscle.  //,  IJ, 
Positions  of  the  arytenoid  caitiliige)  [xoducEd  hf 
the  action  of  this  muscle. 


The  tension  of  the  vocal  bands  is  aided  by  the  genio-hyoid  and  hyo-thyroid 
muscles,  which  together  draw  the  hyoid  bone,  and  thus  indirectly  the  thyroid 
cartilage,  upward  and  forward  in  the  direction  of  the  chin. 

According  to  Harless.  Schech,  Kiesselbach,  Hooper,  and  others,  the  crico-thyroid 
muscle  effects  elevation  of  the  arch  of  the  cricoid  cartilage  toward  the  thyroid 
cartilage.  In  this  way  the  plate  of  the  cricoid  cartilage  is  directed  backward  and 
downward,  thus  causing  increased  tension  of  the  vocal  bands. 

Pattiological. — ^Paralysis  of  the  crico-thyroid  muscles  renders  the  voice  harsh 
and  deeper,  on  account  of  insufficient  tension  of  the  vocal  bands. 

The  tension  thus  induced  is  of  itself  by  no  means  sufficient  for  pho- 
nation,  for  on  the  one  hand  the  triangular  aperture  of  the  glottis  between 
the  arytenoid  cartilages  that  would  result  from  the  isolated  action  of 
the  internal  thyro-arytencid  muscles  must  be  closed.  This  is  brought 
about  by  the  transverse  and  oblique  posterior  arytenoid  muscles.  Then 
the  vocal  bands  themselves,  which,  with  the  action  of  the  crico-thyroid 
and  posterior  crico-arytenoid  muscles,  retain  their  concave  border,  so 
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that  the  glottis  between  them  appears  as  a  space  having  the  form  of 
a  myrtle  leaf,  must  be  fully  stretched,  so  that  the  glottis  assumes  the 
shape  of  a  linear  slit  (Fig.  214).  This  compensation  likewise  is  brought 
about  by  the  internal  thyro-arnenoid  muscle.  It  is  this  muscle, 
moreover,  that  effects  those  delicate  gradations  of  tension  in  the  vocal 
band  itself  that  are  necessary  for  the  production  of  tones  of  slightly 
different  pitch.  It  is  especially  adapted  for  this  purpose,  as  it  comes 
close  to  the  Ciige  of  the  vocal  band  and  is  Hmily  insened  into  the  elastic 
tissue  of  the  latter.  The  contracting  muscle  in  addition  gives  to  the 
vibrating  vocal  band  the  resistance  necessary  for  its  vibrations.  As 
some  of  the  liWrs  of  the  vocal  muscle  terminate  in  the  elastic  tissue  of 
the  vocal  band  itself,  they  may  impart  increased  tension  to  individual 
segments  of  the  vocal  band,  as  a  result  of  which  modifications  in  tone- 
lomiation  are  possible.  It  must .  therefore,  be  assumed  that  the  coarser 
variations  in  tension  are  caused  by  separation  of  the  thyroid  cartilage 
from  the  arytenoid  cartilages,  while  the  finer  gradations  of  tension  are 

induced  by  the  vocal  muscle. 
The  usefulness  of  the  elastic 
tissue  in  the  vocal  bands  does 
not  consist  so  much  in  its  ex- 
tensibility, as  in  its  proi>erty 
of  shonening  without  forming 
:o"..'.s  i">r  creases. 

PathologicAl.  ~  When  ihcse 
"■.■,;s^-li>  jri  ;  ..r.i'yjed  tht"  voice 
.-.l;-.  Vi  rr-i-.:cti  r.ly  by  powerful 
■'..;>",*  ,isr:'.-.;i.-h  jir  I  if  atxs  through 
:hi  >;".:".■.?  A:  ".hi.  ^tinie  time  the 
:  ■•":?  ,ir,  iti-,  jr.'.i  :-;:; 'jre.  Uni- 
'..\.T..', :  ar.ily-:;  ris'.-.'.:s  :r.  :lapping 
:  ■'"...  ^  m*;  ,r.i;rg  v.val '.ar.d. 

■■...■■.:  \. :;:.■■:     .-     :-:i      -.wjl 

:'.•"     ■.  .-.uys    sv:r.:aneousIy 

■A-'.-.t.".    •. '.\i    s: re*. ^ I'-:r.g    forces 

:e.is;-  :     .■..-•,    •.r.e  :hyroid  car- 

t:'.  .^;    lr.L-.v!-  irwArdand  the 

.-.-  :>■■     ".  .,.— I'.iics  "xed  pos- 

■;;~.   ""■    r„:::T-.::::^'.:' the  posi- 

:  .::■    ■.'■..:   ■>  ■^:::l:.ir  to  their 

..  ■    s  —..'   -i --.:!:  ,-,'>■'  :rom  the 

-.'  -:  V  :.:'.  lar.is  anil 


-      -    ^..-,.~    -    \    --    1    ;;    :        .- 


■     7-     ■ 

■.r--.e<  .ir.i  falls 

•  ■.:~e-.i-  0!  the 

.   -^^    -.:•  r.i.h  :n 
,  ,-      -i  :...;  :h..t 

■       ■::  s.  -v.-ui:..! 

.;  ::-:i.i:iiil'.- 
.;   '  '.I'.-iTili:!. 

.     "■  i    "hiTt"  a 

■■  ;h;-  j^Tua- 
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bcnrs  pnpilln^,  HM^rmoM'  mwcous  glanHa  arc  present  in  groups  on  ihc  carti- 
I  of  WnebcTt;,  the  fU*hion  of  tlie  ep!((lottis,  ana  in  the  ventricles  o(  MnrfCASni; 
are  suattcrtd  in  tht-  uihiT  situiilmns.  csi'i-cially  "n  the  juistcrior  wall  af 
the  lan-nx.  'llic  l]lood-v«SE<-lB  form  a  dense.  e.-ipillar>'  nciworit  under  the  limiting 
lay«r  of  the  raucous  membrane:  beneatli  this  are  two  more  layers  of  vascular  net- 
works, The  lymphatics  form  a  aupert'iinai .  narmwtr  network'  liciiexih  the  blood- 
capillaries,  and  a  deeper,  coarser  network      The  mcdullntcd  nerves,  which  have 


B 


C- 


•rl  .ml  fivrk  ■•  lar  u  Ihr  linl  ilaattl  ridetiM:   ii  thorn  llis  fouit-in 

Id  111  Ki  ibc  imn-Hjr  tntiitl  rlii-  Klmti*  iht  4nHnul>l  (nitDur*-  ilie  gppct  MUf«« 

i<ill,  rlr '.  «  .)>.-.u.  !))•  >.<iiic.n  .<f  ihn  l^ri'TifmrDpeitionltr  l«  uhi^ln  ■  nnt  ol  (lu 
'11.     A,  Laiki-  {*)  init  (DiiU  'i)  Uri'tiitul  iniiroTL 


LiHi  ilieir  tnuichta.  arc  numeruus  in  the  mucous  membrane;   ibeir  lurmina- 

httL  unkitotvn,     Thu  carlilsKc  i.t  hyalinv  in   the   thyroid,  the   erieoid.  and 

H  IB  tJlt:  entirt  itrylcnoid  f-.»rtil«gi-,  with  a  tendency  to  osiilicution.      Fibro- 

canilaiie  ia  fcnind  toward  the  apex  and  the  vocal  process  of  lh«  arj'tcnoid  cartilage, 

and  aI«o  in  all  the  remaining  liirynceaJ  earlilagi'i.  «•* 

The  U«r>-nx  }^ws  until  abinit  the  sixth  year,  tlieii  rests,  but  rapidly  increases 

in  size  agaiR  at  puberty. 
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V.  Ziemssen  sfaowed  that  long,  thin  electrodes  could  b«  introduced  ac  far  u 
tb«  larynx  under  the  guidance  of  tbe  laryngoscope,  and  that  ihc  vocal  bands 
could  be  stimulated  to  activity  by  irritation  o7  the  muscles.     Rossbach  succeeded 

11  stimulatinj;  the  muscles  and  nerves  of  the  larynx  externally  through  the  aidn. 


T/ 
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In  this  way  phystoIoKica4  information  may  be  gained,  or  therapeutic  applications 
may  be  made  to  the  parts. 

Autolaryngoscopy  was  £rst  cmplo)'ed  l>y  Garcia,  and  ihcn  by  Czennak  cspc> 
cially  for  the  study  ot  the  movements  of  the  larynx.     If  nne  introduce  un  illumi- 
nated Iar>TigiDscopic  mirror  into  hia  own  throat,  while  placing  the  mouth  opposite 
a  ptani-  mirror,  he  may  cftsily  sec 
the  picture  of  his  own  larj-nx  re- 
flected in  the  latter. 

The  laryngoscopu:  picture 
(Fig,  »I3)  exhibits  the  follow- 
ing details :  L,  the  root  of  the 
tongue,  from  the  miiltllc  of 
which  the  giosso-epi^lottic 
ligament  passes  downward ; 
on  each  side  of  the  letter  are 
the  so-called  vallecula;  {V  V). 
The  epiglottis  (£)  appears  as 
an  arch,  shaped  like  the  upper 
Up:  beneath  it  in  quiet  res- 
piration is  seen  the  lancet- 
shaped  chink  of  the  glottis 
{R),  and  on  either  side  the 
bright,  yellowish  vocal  liga- 
meat  {L.  v.).  This  vocal  band 
is  from  6  to  8  ram.  long  in  chil- 
dren, from  roto  15  mm.  long 
in  women  when  relaxed,  and 
from  15  to  ao  mm.  when  tense. 
In  men  it  measures  front  15 
to  ao  mm.  and  from  30  to  25 
mm.  respectively.  The  whole 
chink  of  the  glottis  is  ajt  mm. 
long  in  men  and  17    mm.  in  women;  when  the  vocal  bands  are  tense 

»27.s  and  20  inni.  respectively. 
The  width  of  the  vocal  bands  varies  from  2  to  5  millimeters.     Ex- 
ternal to  the  vocal  band  is  the  entrance  (rtma  vestibuli)  to  the  sinus  of 
Morgagni  {S.  M.).  represented  by  a  dark  band.    Still  further  outward, 
aod  on  a  higher  plane,  may  be  seen  the  fold  of  mucous  membrane  (plica 


I 


Km.  iift.^Fuufioa  of  the  LAfrd^al  Ulnw  id  th«  Pr«clic«  o( 
Rhlrmtopir. 
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vratficulnris)  covering  the  false  vocal  band  or  the  ventricular  ligainenl 
{L.  V.  s.).  Chi  the  lower,  tip-shaped  border  of  the  entrance  to  the  Ijiryni 
may  be  dUtinfruishctl  the  posterior  lower  notch  of  the  ostium  pharyn- 
getim  laryngis  (above  /'  );and  on  either  side  of  this  the  apices  of  the  car- 
tilages of  S»ntonni  (5  S  )  are  visible,  resting  on  the  apices  of  the  ar\-leii- 
oiil  i-ani]At;rsL  immediately  (behind  is  the  adjacent  phan'ngca!  wa!l  (P  ). 
In  the  a rA- -epiglottic  ligninents  (U',  M'  )  are  the  cuneifonn  cartilages 
Wmbcrn.  juid  tinully.  extenial  to  these,  niay  be  recognircd  the  dcprcs*^ 
lions  of  the  sinus  i>irit'ormes  (5.  />.). 

Special  attention  should  be  given  to  the  condition  of  the  glottis  and 
th(-  vocal  bands  during  respiration  and  phonatton.  During  qiuet  rtrsptrs- 
tion.  the  chink  of  the  glottti^  (P>g-  113)  appears  as  a  lancet<shaped  slit, 
wliich  13  wider  diuing  life  than  in  tlie  cadaver.  If  deep  respirations  arc 
taken,  the  chink  widens  considerably  (Fig.  3i5>.  and  if  tbe  mirror 
favorably  pUc*«l,  it  may  W  possible  to  sec  the  rings  of  the  trachea,  axt< 
even  the  bifurcation.  When  the  voice  is  produced,  the  glottis 
•ach  time  to  a  narrow  slit  (Pig.  114)- 

Aff  ■■<x.  — BlitaatcMpy.  —Tbe  lusaJ  cavity  tut  tapovtant  niatioas  to  mtcli 

■Bd  to  mpteitkio.     fl;r  tbe  ratrodoctkm  oi  i  niinvr  bent  at  an  mgk.  witk  t!i« 

tTiWTtniy  tuinu?  ifmctoo  upvaixl.  it  ts  pes' 
sMr  ffnilaally  !■>  aamy  a  fcid  roch  ■■  ia 
rcproanced  m  Ftf .  3 17 
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■ad  tbe  luwr  neatwk     At  tbe  lypMUWt 
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CONDITIONS  INFLUENCING  THE  SOUNDS  OF  THE  VOCAL 

APPARATUS. 

The  pitch  of  the  voice-tone  depends  upon  the  following  factors: 

1.  The  tension  of  the  vocal  bands;  hence  upon  the  degree  of  contrac- 
tion o(  tlw  crico-thyroid  and  posterior  crico-aryienoid  muscles,  with  the 
asKistance  of  the  vocal  or  internal  thyro-ar)tenoid  muscles. 

2.  The  Icngtii  of  llie  vocal  battds.  In  this  connection  it  should  be 
noted:  {a)  That  children  and  women,  with  shorter  vocal  bands,  pro- 
duce higher  tones.  The  voices  of  women  arc  about  one  octa%'c  higher 
than  those  of  men.  (b)  If  the  ar>'lenoid  cartilages  are  pressed  tigntty 
together  l)y  the  action  of  the  transverse  and  oUique  posterior  arytenoid 
muscles,  so  that  only  the  vocal  bands  themselves  can  vilirate.  while  the 
intercartilaginous  parts  l)etween  tlic  vocal  processes  cannot,  then  the 
tone  will  be  higher.  To  produce  deeper  tones,  the  vocal  bands,  and  also 
the  margins  of  the  arytenoid  cartilages,  must  Wbrate.  At  the  same 
time  the  space  above  the  exit  of  the  lar>*tix  enlarges,  so  that  the  throat 
hecomes  more  prominent,  [c)  Each  individual  has  a  certain  medium 
pitch  of  v<ncc,  which  corresponds  to  the  least  possible  muscular  tension 
within  the  larynx, 

$.  The  slri-it^tk  of  flic  blast.  That  the  strength  of  the  blast  is  able 
to  raise  the  pitch  of  the  lone  in  the  human  larynx  is  shown  by  the  fact 
that  the  highest  tones  can  he  emitted  only  in  a  loud  voice.  With 
medium  tones  the  air-tension  in  the  trachea  amounts  to  160  mm.,  with 
high  tones  to  200  mm.,  with  exceedingly  high  notes  to  545  mm,,  in 
whispering  onlv  lo  ^^o  mm.  of  water  measured  through  a  traclieal  fistula, 
hi  changing  tKe  intensity  of  a  lone  from  loud  to  soft,  or  conversely, 
while  maintaining  the  same  note,  the  muscular  action  must  undergo 
a  change  in  force.  When  the  note  is  loud  the  force  diminishes,  while 
it  increases  as  the  lone  becomes  soft.  j.  Mullcr  called  this  process  the 
"compensation  of  energy  in  the  larynx." 

The  following  accvmory  jihciiyrncna  have  K-cn  ybBerwd  in  Ihc  pryduclion  ol 
high  notes,  but  no  certain  ijiU-rprclali'jn  vl  them  has  Ijci-n  kivco  :  {«>  A»  the  pitch 
of  thfl  noU-  incrro*i-s,  the  Urynx  Wponics  elevated,  portly  hecftuBc  the  el«vftting 
muscles  of  tht  larynx  arc  brought  into  activity,  and  partly  btcausc  the  intra* 
tracheal  air-jiressnff  IfiijjtPieris  thi'  trat-hc-i*  to  siich  an  extunl  that  Uii.'  larynx  i^ 
rnieed  «p.  The  uvula  nl^n  is  itiised  higher  ami  higher  (61  The  iijijh-t' vneal 
hands  approach  each  other  more  and  mofe.  without  loiichiriK  or  participating  in 
the  viliraiioai-  (c)  The  ejiigluttin  inclines  more  and  uiort  hat-Vward  over  the 
(•lotlis  [n  expliination  of  c  unci  h  il  is  jupfio.tdl  thitt,  iti  the  pnnlvictioii  nf  hijjh 
tones,  oil  of  those  muscles  arc  active  that  aid  in  sliorlcnine  thcvihralini;  section 
lit  the  rim  of  the  glottis  luvl  ia  L-ou&irictinK  its  opening.  In  this  act  thu  edge  of 
^\x  (external)  thyr-j-arj'tenoul  rnuiclc  "liKpliiL't^s  the  upper  -vkmI  hand  invranli 
while  the  i-iiig!ottU  is  rfr.iwn  downwanl  by  thosf'  lilicrs  that  jwrts  upward  laword 
' ,  laterally — the  tliVTo-ary-^piglott.ic  musctc. 

4,  So-called  registers  can  he  distingui sited  in  the  voice.  There  is 
rally  the  chtsl-n-j^isicr,  the  thorax  vibniting  (pectoral  fremitus), 
_.  jthc  voice  appearing  lo  come  from  the  depths  of  the  chest;  and  also 
the  head-re gish-r.  the  voire  apparently  coming  from  the  throat.  The 
latter,  with  its  soft  timbre  and  lack  of  resonat^ce  in  the  atr-tube,  is 
designated  also  a  falsetto  voice  or  shrii-k.  Oertel  obser\'ed  und^  such 
circumstances  that  the  vocal  bands  vibrated  so  as  to  form  nodal  lines 
across  their  width;  at  times  only  one  nodal  line  is  formed,  so  that  the 
border  of  the  vocal  band  and  the  basal  border  vibrate,  and  are  sepa- 
ited  from  each  other  by  a  nodal  line  parallel  to  the  edge  of  the  vocal 
39 
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band.  In  high  falsetto  aotes,  as  many  as  three  such  nodal  Hoes  may 
arise  in  succession.  The  fonnation  of  the  nodal  hnes  must  be  occasioned 
by  R  partial  contraction  of  the  fibers  of  the  internal  thyro-arylenoid  mus- 
cle. At  the  same  time  the  vocal  bands  must  be  stretched  into  the  thinnest 
possible  plates  by  the  combined  action  of  the  crico-thyroid,  posterior  ary- 
tenoid, thyro-liyoid.  and  jjenio-hyoid  muscles.  The  glottis  is  elliptical  in* 
form,  while  with  the  chert-voice  it  i^  bounded  by  the  straight  lines  of 
the  vocal  bands.     In  the  latter  rase  more  air  passes  out  of  the  larynx. 

Ocilcl  found,  moreover,  that  with  the  falsetto  voice  the  epiglottis  assumes  a 
vertical  po&ition.  The  apicca  of  U)c  arytenoid  carliUgce  arc  inclined  somcwiiat 
backwaru;  thctinirflwynx  appears  loiii^cr  in  its  8a]:ittal<JiunictL-r9ind  narro«xri«1 
Its  transverse  diameter,  the  ary-cpi glottic  folds  arc  stretchc«l  tensely,  with  stiarp 
edges;  the  entrance  to  the  vcnlnclc*  of  Morgagni  is  c^nstricUd'.  The  vocal 
bands  are  longer  than  in  tlie  production  of  the  same  tone  with  the  chest-voice; 
further,  they  are  narrower,  and  the  vocal  jji-ocesaeit  ait  in  eontacl  with  eacli  oiher.j 
The  rotniion  of  the  arytenoid  eariilrigi-*  lucrewiirj-  for  this  is  brought  ulxiut  solet) 
by  the  lateral  crico-arj,-tenoid  muwle.  while  the  lhyro-aryt«noid  is  lo  be  rcgar<le 
only  as  an  accessory,  aiding  luusctc  Elivation  of  the  pitch  with  the  falaetlo  vok 
is  effected  exclii.ii  vi;ly  liy  incrciuiii);  thi!  leii.iion  of  the  vvcal  tiunils.  In  additio 
U>  the  characteristic  modijicat-ioii  in  the  vibration  of  the  vocal  bands  alreadi 
dcschbcd,  sLiU  another  series  of  partly  transverse  and  partly  longitudinal  pi 
vibrations  ar«  superposed  upon  the  fomi«r.  In  the  csm  of  the  clicst-vo«ce  a 
narrower  fd]tc  of  th«  vocal  CMind  vibratcn  than  in  that  of  tbc  faUctto  voice;  in 
the  production  of  the  latter  there  is  a.  feeling  of  kss  nniscutar  exrrtiim  in  the 
larynx.  The  uvula  is.  raised  horizontally.  In  the  80-called  ehesl-rx'gister  the 
entire  width  of  th«  voc;il  band  vibrates,  in  the  middle  register  <Mly  tlie  iniivr 
iiarrimtr  lujitlcr.  In  the  chest-voice  the  overtonw  in  the  nme  arc  richest  and 
siroiigesl.  while  in  the  falsetto  voite  they  ate  less  numerous  and  feebler. 

Pathological. —By  meanh  cf  Ocrtcl  s  laryiiKO-strolKiocopc  im|>ortant  info 
tioa  can  be  obtained  concerning  variations  in  the  vibrations  of  the  vocal  band^^ 
such  as  unequal  amplitude  of  vibration  in  the  two  vocal  bands  <larynKcal  catarrh), 
with  (.rr  without  ultcnialini;  vibrations;    the  formation  of  v i brut i on -ii odes  in  one 
band;  the  absence  cj£  vibrationt  in  one  or  both  b.mtts. 

In  order  that  the  voice  may  he  pruduccd,  the  following  processes  are 
necessary :  ( t )  The  required  amount  of  air  is  accumulated  in  the  thorax ; 
(a)  the  larynx  and  its  parts  are  fixed  in  the  appropriate  position;  (_i) 
then  follows  the  "onset"  of  the  voice,  either  the  closed  glottis  being 
forced  open  by  means  of  an  expiratory  elTurt.  or  some  air  being  i>er-j 
mitted  to  pass  almost  noiselessly  through  the  glottis,  and  the  vocal ' 
bands  being  then  thrown  into  vibration  as  the  blast  of  air  is  gradually 
increased. 

RANGE  OF  THE  VOICE. 

The  range  of  the  human  voice  for  the  chest-register  is  shown  in  the-' 
accompanying  diagram: 

2M  Soprmno.  itcsi 
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The  figures  indicate  the  number  of  vibrations  in  a  second  for  the 
corresponding  tone.  It  will  be  readily  seen  that  the  notes  from  c'  to 
f  are  common  to  all  voices;  nevertheless,  each  has  a  different  timbre. 
The  lowest  note,  which  exceptionally  is  sung  by  bass  singers,  is  the 
contra-F  with  only  4a  vibrations;  the  highest  note  of  the  soprano  voice 
is  a'"  with  1708  vibrations. 

Hensen  devised  an  especially  ingenious  method  for  determining  with  exactness 
the  pitch  of  a  sung  note.  The  note  is  emitted  against  a  KOnig  s  capsule,  with 
a  gas-flame.  Opposite  this  is  a  tuning-fork,  vibrating  horizontally,  and  provided 
at  the  extremity  of  one  prong  with  a  mirror,  in  which  the  flame  is  reflected.  If 
the  pitch  of  the  voice  is  the  same  as  that  of  the  fork,  the  flame  appears  in  the 
mirror  as  a  single  jet;  at  the  octave  two  jets  appear,  at  the  twelfth  three  jets, 
and  at  the  double  octave  four. 

Each  individual  has  his  characteristic  voice-timbre,  which  depends 
upon  the  configuration  of  all  of  the  cavities  belonging  to  the  vocal 
organ.  The  so-called  palatal  tones  arise  from  the  approximation  of  the 
soft  palate  to  the  posterior  pharyngeal  wall.  In  the  production  of  nasal 
tones  the  air  in  the  nasat  cavities  vibrates  more  forcibly,  as  access  to 
these  cavities  must  be  freer. 
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The  motor  processes  concerned  in  speech  are  carried  out  in  the 
reinforcing  tube — the  pharyngeal,  oral,  and  nasal  cavities;  they  are 
directed  toward  the  production  of  tones  and  noises.  If  the  latter  alone 
are  developed,  the  voice-apparatus  being  passive,  "whispering"  results 
(vox  clandestina) ;  if,  however,  the  vocal  bands  vibrate  at  the  same 
time,  "audible  speech"  results.  Whispering  itself  may  be  made  quite 
loud,  but  to  bring  about  this  result  a  strong  blast  is  required;  hence  it 
is  fatiguing.  It  can  be  practised  during  both  inspiration  and  expira- 
tion, in  contradistinction  to  audible  speech,  which  sounds  transient 
and  indistinct  when  produced  during  inspiration.  Whispering  results 
from  the  sound  that  is  generated,  when  the  glottis  is  moderately  nar- 
rowed, by  the  passage  of  the  air  over  the  blunt  margins  of  the  vocal 
bands.  In  the  production  of  audible  speech  the  vocal  processes  are  so 
placed  that  the  sharp  margins  of  the  vocal  bands  are  directed  toward 
the  air-current,  and  are  thrown  into  vibration  by  it. 

The  soft  palate  always  participates  in  the  production  of  speech.  It  is  raised 
with  every  word,  Passavant's  transverse  ridge  being  at  the  .same  time  formed 
in  the  pharj-nx.  The  palate  is  raised  highest  during  the  utterance  of  «  (00)  and 
i  (ee);  less  high  with  .'  and  e  (a),  and  least  high  with  a  (ah).  During  the  t-nuncia- 
tion  of  "I  and  "  the  palate  is  stationary;  with  the  explosives  it  is  about  as  high 
as  with  n;  and  it  is  lower  with  the  fricatives.  With  /.  .>,  and  especially  with  the 
guttural  f,  it  is  thrown  into  a  tremulous  movement. 

Speech  is  made  up  of  vowels  and  consonants. 

Vowels,— -(.-Vnalysis  and  artificial  formation  are  considered  on  page 

In  ivhisperin^.  a  vowel  is  the  sound  produced,  during  either  expira- 
tion or  inspiration,  by  the  inflated  characteristically  shaped  oral  cavity, 
the  sound  having  not  only  a  definite  pitch,  but  also  a  characteristic 
timbre.  The  characteristically  shaped  oral  cavity  may  be  designated 
the  "vowel-cavity." 
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The  fffcii  i»/  (Ji*  txnveh  may  be  determined  muncally,  either  by  payitiK  clocfr 
attention  to  one's  "wn  whisperc<i  vowels,  or  in  the  cJise  of  wiMhcr  by  bTowiog 
bv  TiKAns  of  a  suitable  air-lube  fro^n  the  opening  of  the  mouth  into  it*  eavity 
{i!acvd  in  the  ]>o«itiun  [x-ctiiiar  li>  the  vuwel  m  que«timi.  It  is  a  mnnrkahlr  fa^^ 
that  the  ftmtlamcnlal  iotur  of  the  'vowel-cavity"  it  almost  crmEiani  (m-  various 
ag«&  and  sexei  The  diiierencea  in  the  internal  capacity  of  th«  mouth  can  lie  ecirti- 
pvnualcd  tor  by  vaiA'inj!  the  ww  vt  the  ofH'ninEtif  the  raouth.  The  pitch  of  the 
vowcl'cavity  may  also  bi-  cstimaUt.l  by  holding  a  scries  of  ^')b^atine  tuning-forks  of 
varying  pitch  in  front  of  the  mouth.  ftTicn  the  one  is  found  ihii  currrMX/tula 
witii  the  futidamcnlal  lotK-  of  the  vo1ve^eA^^ly.  the  rtntr  of  the  Inning-fork  wnll 
be  alrenEthcncd  considerably  h\  resonance  from  the  oral  cavity.  Finally,  a  mem- 
brane ha>'infi  tlie  »aiiic  rate  ot  vibration  as  tiK-  vowel- ton*.-  may  be  held  in  front 
of  the  mouth,  and  the  vibrations  of  the  vowel-tone  may  be  transferred  to  the 
membrane,  the  vibrations  of  the  latter  bring  recorded  on  «moked  paper,  aa  i« 
the  "phonautograph"  of  Donders. 

Knnig  found  the  fundamental  tones  of  the  vowel-cavities  to  be  as 
follows:  U  (oo)  ^  b,  O  ^  b'.  A  (ah)  =  b",  E  (a)  -  b"'.  I  (ee)  = 
b"". 

If  the  vowels  be  whispered  in  this  scries,  their  pitch  will  at  once  be 
heard  to  increase.  Otherwise,  these  fundamental  tones  of  the  mouth 
in  the  vowel -positions  may  vary  within  rcrtain  limitsi  hence  it  is  t>elter 
to  speak  of  the  region  of  a  characteristic  tone-position.  This  may  be 
best  demonstrated  by  placing  the  mouth  in  the  characteristic  position 
and  iwrcussiiiB  tlic  cheeks.  The  sound  of  the  vowel  will  then  be  beard. 
and  its  pitch  will  vary  within  cenain  limits  in  accordance  with  the 
position  of  the  mouth. 

It]  pronouncing  .]  (ah),  the  mouth  has  the  shape  of  a  funnel  dilating 
anteriorly  (Fig.  aiS,  A).  The  tongue  lies  on  the  floor  of  the  mouth; 
the  lips  arc  wide  open.  The  soft  ]>alate  is  raised  moderately;  being 
successively  more  elevated  with  O.  E  (a),  U  (oo>.  I  (ee).  The  hyoid  bone 
is  in  a  position  of  rest  when  A  (ah)  is  !>cin^  uttered;  Init  the  larynx  is 
somewhat  raised,  being  higher  than  with  U  (oo).  but  lower  than  with 
I(ee). 

When  a  traiwitiun  is  made  from  A  (ah)  to  1  (c«).  the  larynx  and  the  hroKl 
bone  retain  their  relative  positiomt.  but  both  ascerKi  Durinj;  lb«  transitioii  from 
A  (ah)  to  U  (oo).  the  larvnx  einks  to  the  lowest  possible  level.  At  the  -ani* 
lime  the  hyoid  bone  moves  slightly  forward.  In  pranottneing  A  (ah),  the  ap>ace 
between  the  larynx,  the  iwoitn or 'pharyngeal  wall,  the  ao(l  palat«  and  the  root 
of  the  tongue?  is'otily  moderately  dialed:  it  t»;c(iines  larger  with  E  (a)  and  espe- 
cially with  1  (ee).  arid  ii  smallest  with  V  (ooK 

In  sounding  V  (oo),  the  shape  of  the  mouth  is  that  of  a  capacious 
flask  with  a  short,  narrow  neck.  The  entire  reinforcing  tube  is  under 
such  conditions  longest.  Accordingly,  the  lips  are  protruded  as  far  as 
possible,  are  corrugated,  and  are  hrnught  together  so  as  to  form  a  small 
opening.  The  larj-nx  is  at  its  lowest  level.  The  root  of  the  tongue 
is  approximated  to  the  posterior  palatine  arch. 

In  sounding  O,  the  nnnith,  as  with  U  <oo),  resemhtes  a  wide-bellied 
Rask  with  a  short  neck.  The  latter,  however,  is  shorter  and  at  the  saine 
time  more  widely  open,  the  hps  approaching  more  closely  to  the  teeth. 
The  larynx  is  somewhat  higher  than  with  U  (oo).  The  entire  reinfoK'ing 
tul>e  is,  therefore,  iihorter  than  with  U  (oo). 

In  sounding  /  (ee),  the  mouth  has  the  shape  of  a  flask  with  a  small 
belly  in  the  posterior  pan,  and  a  long,  narrow  neck.  The  belly  has 
the  fundamental  tone  f ,  while  the  neck  has  that  of  d"".  The  reiniorcinfi 
tube  is  shortest  with  I  (ee).  as  the  larynx  is  raised  as  far  as  possible,  and 
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the  mouth  is  bounded  anteriorly  by  the  teeth,  the  lips  being  retracted. 
The  oral  canal  between  the  hard  palate  and  the  bark  of  the  tongue  is 
greatly  constricted  to  a  median,  narrow  channel.  Hence,  the  air  can 
pass  through  only  with  a  clear,  whistling  sound,  and  even  the  vertex 
of  the  skull  may  be  set  into  perceptible  vibration;  if  the  ears  are  stopped 
up,  a  shrill  sound  may  be  audible  in  them.  It  is  impossible  to  pro- 
nounce I  fee)  when  the  larynx  is  depressed  and  also  when  the  lips  arc 
protruded,  as  for  L"(oo). 

In  pronouncing  /;  (a),  which  stands  next  to  1  (cc),  the  cavity  has 
likewise  the  form  of  a  flask  with  a  small  belly  (fundamental  tone  f) 
and  a  long,  narrow  neck  (fundamental  tone  h"'].  The  neck,  however, 
is  wider,  so  that  it  does  not  give  rise  to  a  whistling  sound.  The  larynx 
is  somewhat  lower  for  E  (a)  than  for  I  (ee),  but  higher  than  for  A  (ah). 

I''un<jain«ii tally,  Brucke  is  rifiht  in  ajutuinUiK  ttiat  there  a.rr  vnly  thxcv  fiinda- 
mentftl  vowcU,  namgly  /  (cc),  -•!  (ah).  U  (oo).  between  w-hith  ihc  others,  a*  well 
AS  the  do-cftlkd  HiphthongB.  &re  mtcrpolat<-d.  Thi-  hiernglyphJe.  Indian,  old 
Hebraic,  and  Gothic  wminRS  cont&in  only  thew  three  vowels. 

I  u 


f 


1 


Ftc-tit  — Saoltial  Scciloo  through  (tcBuroun  LAnni  In  ilic  VoacI  wiitlvui  A  luh).  I  {oc)<ikI  t'  (•»).  /.  hwiiucL 
p.icnpakie;  i.tflilaaa:  f.Kloitu.  A.bfUia  bent:  ■.itipold  tuillmei  i. j.chcolilciniliutri  ^.iijnniatd 


Dipklkongs  Occur  during  the  utterance  of  a  sound,  by  pas.sing  from 
the  position  of  one  vowpl  into  that  of  another.  Distinct  diphthongs 
are  sounded  only  on  passing  from  a  vowel  with  a  wider  oral  opening 
to  one  with  a  narrower  opening;  if  the  reverse  occurs,  the  vowels  appear 
separated  to  the  ears. 

Landui.'t  wu.h  eM|».'ciall>'  hucci'ssful  in  pr^ucing  the  vowcb  artificinlty.  In 
tb«  twv  hnlvL-s  of  a  hca<l  sawn  thmuch  in  »  sagittal  plani:  he  arranged  all  of  the 
part*  in  the  positions  thnt  ihcy  would  liavc  to  awuinc  in  enuncinting  a  certain 
vow#l,and  th«?n  the  entire  space  from  the  trachea  to  ihc  lips  was  filled  with  paraJVin. 
Both  hnlvcK  wvm  thmi  vrcUk-d  toj^ether.  A  paralYTn  cAttt  wuk  ihuj;  ulitainrd  of 
the  vowel .cattty,  Tho  cast  was  cnvenid  with  plastur-of- Paris,  and  tliMi  the 
paradln  was  removed  by  raetiing.  In  this  way  a  plaiter  reproduction  of  ihe 
vowel-ir.-ivity  w;u!  dbtiiini-d  A  vocil  apparatus  was  then  intniilncrti  into  Ihe 
trachea  from  below.  This  apparatus  was  made  of  a  thin,  ivory  reed,  M?t  in  a 
wide  frame,  and  havinK  iu  fntcli  accurnlely  udjiuitcd  to  the  fumlaini-nlal  imic 
of  the  plaster  cavity.  All  the  v<i\vcls,  even  I  (cc).  werr  thus  pro<biixd  with  sur- 
prising 6UCCCSE. 

In  addition  to  the  pitch  the  character wtic  timbre,  or  tone-color,  of 
the  vowel  is  worthy  of  notice.  In  this  connection  the  mouth,  charac- 
teristically shaped  for  the  utterance  of  a  vowel,  may  be  compared  to  a 
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musical  instrument,  which  not  only  gives  forth  its  sound  tn  a  certain 
pitch,  but  also  allows  it  to  ring  with  a  characteristic  timbre. 

Thus,  the  vowtl-80wnd  U  (oo).  when  whispered,  haa,  besides  ita  fuadaoMiil^ 
tone  b,  a  soft,  whistlitig  timhiy.':  I  (eel,  with  iis  fimdnmcntal  tone  h"".  a  hi»ing, 
whialling  tiititirf;  A,  with  its  torn-  b",  an  open  l>li>wing  timbre.  This  timbrr 
depends  upon  the  number  and  ihe  piich  of  iV-  civenones  peeu!^ar  to  the  vowd- 
inuiicl,  which  are  conxidcred  in  thi:  section  un  atiaJyKis  of  the  vowels  (auditory 
apparatus,  p.  905), 

The  timbre  of  the  vowels  may,  further,  be  modified  in  a  special 
manner  when  they  are  uttered  with  a  "nasal  "  twang,  as  is  prevalent 
in  the  French  laiiKuage.  The  nasal  timbre  is  produced  when  the  soft 
palate  does  not  close  off  the  naiul  cavity,  as  happens  during  utterance 
of  the  pure  vowels,  so  that  the  air  in  the  nasal  cavity  is  set  into  sym- 
pathetic vibration.  When  a  vowel  is  spoken  with  a  nasal  timbre,  the 
air  thus  escapes  through  both  the  mouth  and  the  nose;  when  the  vowel 
is  spoken  purely,  the  air  escapes  only  through  the  mouth.  Hence, 
in  the  former  case,  a  Ught  held  in  front  of  the  nostrils  will  flicker,  or  3 
cold  glass  or  metal  will  be  moistened;  but  not  in  the  latter  case. 

In  cl&sure  ai  the  nasal  caWty  the  soft  palate  is  raised,  in  smiillvst  meacnre 
when  A  (uh)  is  pronounced:  thon  follow  O.  E  (a),  U  (00),  I  (t-e).  High  uid 
loud  tones  rot^oin?  more  markfd  elevation,  during  which  the  velum  prt-scnts  a 
notch  in  the  situation  of  the  elevators  of  the  palate.  The  opening  of  the  Eusta- 
chian tube  is  constricted,  but  nevcrentirelv  clu^d.  by  the  elevation  of  the  (>Hlstr. 

In  utt«injj  the  pure,  non-nasal  vowels,  the  nasnl  cavity  is  so  tirmly  closed 
off  from  the  month  that  it  can  be  sprung  open  only  by  an  artiticial  increase  in 
the  presAun!  within  the  noM.-  of  from  30  to  loo  mm.  of  mercury,  wtlh  tlie  develop- 
ment of  a  KU^K^i^S  rjionchal  si^iind. 

The  nasul  twang  occurs  as  a  result  of  reswiance  in  the  naso-phar\'ngcaI  cavity; 
at  th«  name  time  ft  portion  of  the  cavity  of  the  mouth  is  excluded  1^  elevation 
of  the  dorsnm  of  the  tongwc  ard  tlcpresMon  of  the  pidntc. 

Especially  the  vowels  a  (ah),  ft  (^),  t>  (*t),  o,  e  (a),  are  employed 
with  a  nasal  accent.  The  nasal  i  (ce),  however,  docs  not  appear  to  occur 
in  any  language.  At  all  events  it  is  hard  to  form,  because  in  sounding 
it  the  oral  canal  is  so  narrow  that  if  the  nasal  cavity  be  open  at  the  same 
time  the  air  will  escape  almost  completely  through  the  latter,  while 
the  small  amount  passing  through  the  mouth  is  hardly  sufhcient  to 
produce  a  sound. 

In  pronouncing  the  vowels  it  should  also  be  observed  whether  they 
are  uttered  through  a  previously  closed  glottis,  as  is  the  case  in  German 
with  all  vowels  placed  at  the  beginning  of  words.  Thus,  the  glottis 
is  at  first  closed,  but  it  is  spning  open  simultaneously  with  the  intona- 
tion at  the  moment  of  commencing  the  word.  Pronunciation  of  vowels 
in  this  manner  was  termed  by  the  Greeks  spiritus  lenis.  If,  however, 
the  vowel  is  pronounced  after  a  preliminary  breath  has  passed  through 
the  0].»en  glottis,  and  the  sound  of  tiie  vowel  follows  immediately,  then 
the  aspirate  vowel  results,  corresponding  to  the  spirilus  asper  of  the 
Greeks. 

If  the  vowels  are  pronounced  audibly,  therefore  with  a  simullaneotis 
sound  of  the  voice,  tlie  fundatnental  tone  of  the  vowel-cavity,  with  its 
constant,  absolute  pitch,  strengthens  in  a  characteristic  manner  the 
corre:si)ondinK  partial  tone  present  in  the  sound  of  the  voice.  Accord- 
ingly, the  vowels  are  intonated  most  purely  from  a  musical  point  of 
view  when  the  pilch  of  the  tone  is  so  adjusted  as  to  contain  overtone* 
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that  correspond  harmonically  with  the  fundamental  tone  of  the  vowel- 
cavity  when  blown  upon. 

THE  CONSONANTS. 

The  consonants  are  noises  that  arc  Rcncratcd  at  certain  parts  of 
the  reinforcing  lube.  They  are  classified  as  follows:  I.  According 
to  their  acoustic  properties  into  (i)  sounding  or  liquid  consonants,  that 
is  those  that  are  audible  even  without  vowels  («i.  «.  I.  r.  5);  (3)  routes, 
including  all  the  rest,  which  cannot  be  distinctly  heard  without  the 
simultaneous  prommciation  of  a  vowel,  II.  According  to  the  mechan- 
ism of  their  formation,  as  well  as  the  parts  of  the  speech-apparatus  by 
which  they  arc  produced. 

1.  Mules,  steps.  ch*xks.  or  explosives,  the  air  being  forcetl  tlirougli  an 
existing  closure,  with  the  production  of  more  or  less  noise;  or.  con- 
versely, the  ctirrent  of  air  may  Iw  suddenly  intemiptcd,  while  at  the 
same  time  the  nasal  cavity  is  closed  off  by  elevation  of  the  soft  palate. 

3.  Frualivfs  or  spirants  or  sibilants .  the  canal  being  constricte<l  at 
one  point,  so  that  the  air  Is  forced  through  with  a  hissing  noise,  while 
the  nasal  cuvity  is  closed  off. 

L  and  similar  consonants  are  closely  related  to  the  fricatives,  differ- 
ing, however,  from  these  in  that  the  narrow  passage  through  which  the 
air  is  forced  is  not  situated  in  the  middle  line,  but  to  either  side  of  the 
closed  iiuddlo.     The  nasal  cavity  is  closed  off. 

J.  Vibratives.  which  result  when  air  Is  forced  through  a  narrow  part  of 
the  canal,  so  that  the  margins  of  the  constriction  are  thrown  into  vibra- 
tion.    The  nasal  cavity  is  closed  off. 

4.  KffOftants.  also  designated  iuimiIs  or  .wnit-voivels.  The  nasal  cavity 
is  entirely  open,  but  the  mouth  is  tightly  closed  anteriorly  at  one  point. 
In  accordance  with  the  position  of  this  closure  of  the  mouth,  the  air  in  a 
larger  or  smaller  portion  o£  the  oral  cavity  may  be  set  into  sympathetic 
vibration. 

Ill  addition  to  these  possible  forms  of  origin  of  the  sounds  the  points 
at  which  they  may  be  produced  must  be  taken  into  consideration.  These 
points  may  be  designated  anicutation-positions.  They  are:  A,  between 
the  lips;  B.  between  the  tongue  and  the  hard  palate:  C.  between  the 
tongue  and  the  soft  palate;  D,  between  both  true  vocal  bands. 

^^K  (A)  CoM50Hati!s  of  tlte  First  Articutaticoi-position. 

^^V  I.  Explosive  LabUils. — b  (bay):  the  voice  is  sounded  before  the  soft 

W  explosion  occurs;  p  (pay):  the  voice  is  sounded  only  after  the  much 

B  stronger  explosion  has  taken  place. 

■  3.  Fricative  Labials. — f:  between  the  upper  incisor  teeth  and  the 
I  lower  lip  (labio-denlal) ;  it  is  absent  from  all  true  slavic  words;  r  (few): 
I  between  the  two  lips  (labial):  w  (vay):  results  when  the  mouth  is 
I  adjusted  as  for  ;  (labial,  as  well  as  lahio-dental),  but  instead  of  merely 
I  blowing  air  out,  the  voice  is  also  sounded.     There  are  really  two  different 

■  forms  of  a-  (vay),  namely,  one  corresponding  to  the  labial  /.  as  in  Wurde 
I  Cprc'nouncedvcerde),andthelabio-dental.asin(^el!e(pronoimccdkwellc). 
I  i.  Vibrittitv  Ijibials. — The  "burring"  sound  of  drivers,  not  employed 
^^^  in  dvili7ed  L-inguages. 

^^B  4.  fiiscttatit  Labial. — lit  is  formed  when  the  voice  is  sotmded.  and  the 

^^H        air  in  the  oral  and  nasal  cavities  is  thrown  into  resonance. 
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(B)  Consonants  oj  ihr  Second  Articulation-positiott. 

Method,— In    ordw  to   di-tCTniinv    tin-  «:it«iit    lo   which    Ihf   longne    and    the 

JmlaU-  axf  in  corinct  in  the  fomalion  o(  rotiKonnnts  in  the  s^ond  iind  third  articu- 
aticwi  pcwiticinii.  thtrtrmguc  is  sprinkled  with  ap<iwdiTcddyi-,  while  ihi-  tninithichvld 
wide  ojjt-n.  WIk'H  Tho  consonant  is  fonrtd.  tho  j.ialato  rccfiv<"s  a  colored  tnipres- 
si<in  lit  those  priinij:  where  vontocL  has.  l.-ikt-n  iilacv.  Alsu  in  lite  vau:  ul  \hv  con- 
sonants, with  the  fxcrption  of  m.  il.  t\%.  ihr  soU  palat«  IsvU-vatrd. 

[.  Tile  cxplositvs.  whiot)  are  produced  t>e;ween  the  tongue  and  the 
hard  roof  of  the  oral  cavity,  are  the  hard  7'-sounds  (also  dt  and  tt), 
when  enunciated  sharply  and  without  the  voice;  the  soft  i>-sounds 
when  uttered  softly  with  simultaneous  intonation  of  the  voice.  Vari- 
ously designated  and  uttered  modifirations  of  these  consonants  occur  in 
various  languages,  accordingly  as  the  tip  or  the  hack  of  the  tongue,  on 
the  one  hand,  and  the  teeth  or  the  alveolar  process  or  the  hard  palate,  on 
the  other  hand,  are  employed  in  their  formation. 

2.  The  fricativfi  embrace  the  consonants  allied  to  5.  including  the 
shar|>  K  (also  written  ss  and  s:),  which  is  produced  without  the  sound  of 
the  voice,  and  the  soft  s.  which  can  be  pnKiutrcd  only  witli  intonation  of 
the  voice.  Modifications  occur  also  here,  in  accordance  with  the  regions 
between  w-hich  the  aspirate  consonant  is  formed.  Thus,  to  the  sharp 
aspirates  belong  also  the  sharj)  Sell  and  the  hard  English  Tk;  to  the 
soft  aspirates  the  soft  French  T  and  the  soft  English  7  h.  The  sound  l- 
likcwisc  belongs  to  this  class,  occurring  in  manifold  modijications  in 
various  tongues,  for  example  the  soft  /.  of  the  French.  The  sound  L 
may  also  be  uttered  softly  with  the  voice,  or  sharply  without  it. 

3.  The  vibralives  of  the  second  articulation-position,  or  the  lingual 
/iT-sounds,  are  usually  enunciated  with  the  sound  of  the  voice,  although 
they  may  also  be  formed  without  it. 

4.  The  resoMattts  are  the  ,V -sounds,  which  likewise  may  occur  in 
various  tnodiJi  cations. 


(C)  Consonants  of  lite  Third  ArtkulatwH-posilion. 

1.  The  explosiivs  arc  the  A' -sounds,  if  hard  and  without  the  sound 
of  the  voice;  or  the  G-sounds  (gay),  if  the  voice  is  also  given.  There 
are  various  modifications  of  both;  for  example,  the  explosive  position  of 
^  (gay)  and  K  preceding  c  (a)  and  i  (ce)  is  situated  farther  forwanl  on 
the  palate  than  i;hat  of  (7  (gay)  and  A'  before  a  (ah ),  o.  u  (00). 

2.  The  aspirates  of  these  positions  arc  the  f>-sounds.  hard  and  with- 
out the  voice;  and  f  (y),  if  soft  and  without  the  voice.  Following  a  (ah), 
o,  u  (00),  these  consonants  are  formed  farther  back  on  the  palate  than 
those  that  follow  e  (a)  and  i  (ee). 

3.  The  vibrative  is  the  palatal  R.  which  results  from  vibration  of  tb* 
uvtda. 

4.  The  rfsoitant  is  the  palatal  .V.  After  e  (a)  and  i  (cc)  the  closure  is 
displaced  further  forward,  after  a  (ah),  o,  u  (00).  further  back.  The 
nasal  X  of  the  French  is.  however,  not  a  consonant  at  all,  but  only  th# 
nasal  timbre  of  the  vowel  that  results  from  the  patulousness  of  the  nasal , 
cavity. 

According  tu  Saenger  the  panlcipaticni  of  the  nxxul  cax-Jtics  m  tfae  prodttction 
of  lu.  >i.  and  Mg  connsu  chiirtly  in  aitordtng  «  passage  for  the  air  expired  during; 
phonation 
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(D)  Consonants  of  ike  Fourth  AriiculatioH-poritian. 

Logically,  the  glottis  itself  may  further  be  considered  as  a  fourth 
articulati  on -posit  ion . 

I  An  cvploshv  oytisoiiattt  is  not  produced  by  forcing  open  the  glottis, 
if  a  vowel  has  been  loudly  intonated  from  a  jireviously  closed  glottis. 
If  this  occurs  during  whispering,  a  feeble,  short  sound  mav  undoubtedly 
lie  heard,  arising  from  the  suildcn  opening  of  the  glottis.  As  already 
noted,  the  Greeks  applied  the  term  spirilus  lenis  to  the  utterance  of 
vowels  from  a  previously  closed  glottis. 

t.  The  aspirates  of  (lie  gloltii  are  represented  by  the  W-sound  (hah), 
which  is  pruduced  with  a  moderately  wide  glottis.  The  Arabic  Hha  is 
emitted  with  especial  sharpness  from  a  still  narrower  glottis. 

3.  A  glolti^-i'fhmth-e  occurs  in  the  Ro-rallcd  lar^-ngeal  K  of  lower 
Saxony,  and  in  the  Arabic  Ain.  It  can  be  produced  by  pronouncing  a 
vowel  with  the  deepest  po&sible  voice.  This  is  followed  by  a  distinct, 
sbock-like,  resounding  vibration  of  the  vocal  bands,  which  represents  the 
lar^-ngeal  i<.  The  .sound  is  represented  esyecially  in  the  low  German 
dialect  of  Hither  Pomerania,  for  example  inCtSarl  (Carl).  Wuort  (Wort). 

4.  A  laryngeal  resonant  cannot  be  produced. 

The  cofubiftation  of  different  consonants  is  accomplished  by  the  rapid, 
successive  execution  of  the  movements  necessary  tor  each  one.  Com- 
pound consonants  are  those  that  are  formed  by  adjusting  the  parts  of  the 
mouth  for  two  different  consonants  at  the  same  time,  so  that  a  mixed 
sound  is  formed  from  the  simultaneous  production  of  both  sounds.  Ex- 
amples:   Sch.  tscH,  tz.  Is,  Pa  (*).  Ks  (.V.  =). 


PATHOLOGICAL  VARIATION  IN  VOICE  AWD  SPEECH. 

Paral)^s  of  the  motor  n«r^cs  of  the  larynx  (from  th«  vajrvsj  am  a  result  of 
wounds  or  of  pressure  by  tiimor«  rcsiilU  in  loss  of  voicr  or  nphonia  In  the 
presonce  of  aneurysm  of  the  arch  of  ihe  aorta  the  Iclt  rwrurreni  lar\-n^i-nl  nerve 
U  often  paralyzed  in  conxequence  of  htinn  jfruatly  strelclied.  Kheumaiisin.  over- 
exertion, and  hysteria  may  cause  Ininsilor)*  pantlyais  of  the  lar^'ngeal  nerves. 
Serous  effusions  into  the  laryngeal  muscles  in  con- 
itequencc  of  inflainiiiMtur}'  pmcenxcK  will  hImi  caune 
paralysis  i>f  tht-M-  muscles  and  thus  aphonia  If 
the  tensors  chictly  arc  paralyzed,  monotonia  of 
the  viiice  devclopii.  The  dialurl)*ncesof  rcsipira- 
tion  attending  pnraJysis  of  the  larjTix  arcwOTthy 
o£  special  notici-.  There  may  be  no  disturbance 
80  long  as  the  respiration  11  quiet,  but  as  aoon  as 
the  resiiiralion  become*  more  active,  a  higli  di- 
gTffc  of  ilyf^t^n.  tuoh  as  Landois  hae  observed 
also  in  dogs,  may  set  in,  owing  to  the  tnaliiliiy  to 
dilate  the  glottis 

If  only  imr  vocal  linnd  is  paralyi^ed,  the  voice 
becomes  impurr  and  falsctio-lilic.  The  dimin- 
ished vibration  on  llic  paralysed  aide  (if  tht-  larynx 

may  even  l>e  fcU  e.Mcmally.  but  it  may  be  »till  better  recognized  by  means  of  tllc 
scnititivvllftnie-  It  has  tieen  obscr\'ed  that  tme'jual  tension,  from  unequal  innervatioo 
of  the  ten?nr-n«isc!e8,  may  (pve  rise  to  alternating  vibrations  of  the  two  bands, 
with  opposite  phaseii  of  movement.  At  times  the  vocal  bands  are  pnralyjted  only 
to  njcti  nil  cxierit  as  not  to  move  during  phnn.ntion.  but  only  on  (oreed  respiration 
and  on  couk'''"2  (phonetic  paralysis).  Mogiphonia,  or  premattire  fatigue  of  the 
voice,  is  tlic  name  giviii  by  Frinlcel  10  a  condition  of  paraly-^is  of  the  lar>*ngeal 
muscnl.itiire  that  consiKts  in  failure  of  certain  connlinated  mnvemenu  thai  have 
been  acquired  by  practice.  This  corresponds  to  the  paral>tic  form  of  trriler's 
cramp. 


Fw.  »ig,— TuDKin  ol   Uc  Vocal  Conbh 
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Incomplcl*.  imilalcral  paralysis  of  the  n'cunx'nt  lai^iiwal  nerve  rcgulu  at 
times  in  double  tone  (diphtaongiA)  of  tlie  voice,  on  account  ol  the  unequal  tenncn 
of  the  two  vocal  bands.  According  tu  Tiirclc  ami  Schniixlt-r.  iliiihttionKiA  nuiy 
develop  also  when  tht;  vocal  bunds  an-  in  runtsct  at  one  point  in  their  course 
CpcrhAps  by  reason  of  deposits  or  tumors),  so  that  ihc  glottis  is  divided  into  two 
acctions,  eacli  of  wliicli  produci-b  the  duuiid  of  Uu:  voice  in  u  dillcrcnt  pilcli.  U 
the  glottis  is  studdfuly  closed  by  muscular  si>amn  while  ihc  voice  is  being  sounded, 
the  rare  condition  nf  spastic  .iplionia  remits.  In  tabetic  puticnta  ataxic  phenom- 
ena h&vc  been  ohaurvcd  occasionally  in  the  laryngeal  musculAturc.  Ifoarsencut  is 
eauwd  by  accumulation  of  mucus  on  the  vocal  band*,  nrhy  roughness.  Kwcllini;. 
or  rrinxAtioii  of  llic  baiulK  If  the  bands  suddenly  come  in  contact  while  cloKCty 
approximated  during  speaking,  the  voice  "breaks,"  on  account  of  tJie  fomiatifm 
of  nodal  points. 

Diseases  of  the  pharynx,  nasopbaiynx.  and  uvula  may  cause  reflex  nervous 
disturbances  of  the  voice. 

The  re^^tablillh1llcllt  nt  jiudiblc  voict^  and  it|>(.-ech  hitK  liven  oliservcl  even 
after  total  cxtirpiition  of  the  larj'n.x,  the  individual  breathing  through  a  tracheal 
Iwbc  and  no  air  escaping  through  the  cavity  of  ihc  mouth.  The  subject  under 
such  circumstances  hlU  with  air  the  cavity  left  by  the  removal  «f  the  larynx, 
and  forve*  the  air  throiiKh  x  narrowed  Kpac*-  above  into  the  cavity  of  the  mouth, 
thus  producing  a  monotonous  sound  of  stenosis  that  in  remarkably  like  the  voice. 

Paralysis  ol  the  soft  palate:  as  well  as  perforation  or  congt-niial  fistiure.  gives 
a  nasal  timbre  tn  all  yovvcIn.  ttir  fnrmi-r  h1si>  c.-ium-k  dilltcidty  in  Lhf  normal  forma- 
tion of  consonants  of  the  third  articulation-position.  The  rrsonants  are  well 
marked,  while  the  explosives  are  enfeebled,  on  account  of  iho  escape  of  air  tlirough 
the  noae. 

Paralysis  of  the  tunguc  causes  dtJIiculty  in  the  pronunciation  of  I  (cc) ;  B  (a) . 
and  A  (ah)  also  arc  less  easily  pronounccu.  In  addition,  the  formation  of  con- 
sonants of  the  second  and  thira  articulation-positions  is  disturbed  However. 
p(;r»r>n«  having  even  considerable  defects  ol  the  tonj^ue  have  reacquired  intdli^blc 
speech,  Afihthongia  is  that  condition  in  which  each  attempt  to  si>calc  results 
in  spasmodic  movements  of  the  toneue 

In  the  pppjienee  of  paralysis  of  tlie  lips  (faci-il  nerve)  the  extent  to  which  tho 
consonants  of  the  tirst  articulation -position  can  be  ^jrnnounccd  should  l>c  observed. 
Hare-lip  also  mimt  betaken  intnconsidLTacion  in  this  connection.  In  case  of  naaal 
otwt ruction  njiccch  assumes  the  siM-allcd  "tili»inicled  oral  tone."  The  formation  of 
the  reacin.ints  in  the  nonnat  way  is  prevented  After  extirj'atinn  of  the  larjiix. 
an  artificial  larynx  has  been  inserted  between  the  trachea  and  the  mouth,  con- 
sititiug  o[  u  metallic  reed  iti  a  tube.  All  disturbances  in  the  f(irtnati>jn  of  conso- 
nants may  be  dexiftnatc-d  a«  "stammcHne"  (dysarthria  litterahs).  Sf>«ech-de- 
rangrmrnts  of  cerebral  origin  arc  constdcied  on  p   ;ij6. 


COMPARATIA^.     HISTORICAL. 

Speech  may  be  included  among  the  "movements  of  expresaion."  Psychic 
excitement  amusM  in  man  chnr^etpriKtic  movements,  in  which  special  groups  ot 
miiKcles constantly  participate,  for  example  laughing,  cryiny,  facial  cx|nvnicm.  and 
pest  urcs  in  fear,  anger, shame . discouraycmcnt.  ambition,  disgust ,  abhorrence  desire, 
joy,  merrimtmt.  etc.  Such  nK>vt:ment»  constitute  a  medium  by  means  of  which 
related  brings  arc  enabled  to  comnuuiicntc  their  inner  thuughtji  to  o»e  another. 
In  their  origin  these  movements  of  expression  an;  rc6ex  motor  pbcnomeaa;  but 
when  r<.'pi<j<luced  for  purposes  of  explanation,  they  are  voluntary  imitatiotiB  of 
these  reflexes.  In  addition  to  emotional  movements,  impressions  on  the  sense- 
organs  also  call  fuTlh  characteristic  reflexes,  which  are  converted  into  muvcments 
of  expression:  for  e.xnniplc,  litroking  or  painful  stitmilalion  of  the  skin,  movements 
following  the  (MTccption  n(  pleasant  or  unpleasant  orliirs.  likewise  the  inilueilce 
of  sonntr  also  of  light  (('right  or  lUik.  and  ul  colors),  and  the  perception  of  ob>ecU 
of  all  kinds 

In  tliuir  simplest  fonn  movemcnta  of  expression  arc  m;inifcstcd  in  sign- 
langUAiie  In  a  narrower  letiw  speech  may  be  designated  as  "B-mnd-p.intumtmc," 
the  accompanying  motor  phenomena  often  taking  the  form  of  facial  exprcssioa 
and  gealurc.  Thus,  articulate  sound  is  caused,  in  the.  ftrat  place,  b>-  characteristic, 
reflex  motor'pheiiomcnn  in  the  Mnvch-forminft  organs 

A  second  racana  of  expression  lies  in  tbo  iniilaiion  of  sound-pbenamena  by 
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Che  organ  of  speech  (onomatopoesis) ;  for  «xainple  the  biasing  of  flowing  water. 
the  pMrinjf  of  U»e  siumi,  the  rullintt  o(  thuntlcr,  ringing,  howling.  wrhistiinK,  Mc. 
If  a  further  attempt  is  mudc  to  transform  imprcKions  dcf>ending  on  cxciialion 
of  other  senses  into  somewhat  corresponding  sound-perceptions,  the  ttmi  indin-ci 
Onomatoiio^Bia  may  be  ciiiployi'd,  fi)r  «xun]il«  the  iittcmpt  to  represent  a  sudden 
Btftb  or  tt  blintliriK  lluh  cf  lightning  by  a  short,  shnll,  wtustliiig  sound  (Hcise'v 
principle  of  *'>und-mctAphor). 

TTiereforc.  ihc  priniiiivc  speech  of  man  may  have  been  a  wries  of  reflex  sound- 
pantomimeii  and  onomato^M-tic  in  lit  at  ions. 

Mon-over.  pxprwtsion  in  language  is  naturally  related  to  llic  process  of  »pppr- 
ception.  No  idea  can  be  expresiipd  in  lancuagc  or  gesture  unless  it  be  tirst  apper- 
ceived.  thai  ■&  raised  from  tlic  mass  of  iucas  ttint  till  ilie  coiixdouit  miiul  to  the 
psychic  vjcw-poini. 

Many  diftcrcnt  sounds  occur  in  the  various  languages.  Some  tongues,  for 
example  that  of  the  Huroue,  have  no  labials;  on  aoiui;  Suiith  Sea  Islands  no  lar>-n- 
geol  consonants  are  spoken;  f  is  wanting  in  Sanskrit,  rininsh,  etc.;  the  short  c  (a). 
0.  and  the  soft  sibilantit  in  Snntkrit;  d  in  Chinese  and  Mexican;  s  in  muny  Poly- 
nesian tongues,  rin  Chint-se;  ete. 

Movements  of  expression  occur  also  among  nnitnols,  estpecially  the  higher 
ones.  The  viual  organ  of  mammals  it  esoeniially  like  that  of  man.  In  some 
apes  (orang-outang,  mandril,  pa^nnn.  macacus.  mycctcs)  I.irge  sacs,  which  can  be 
inll.ited  with  air.  and  which  open  between  the  laiyiix  and  the  hyoid  bone,  serve 
as  spt-cial  resonance-ornans.     The  wh«le  ha«  no  voice. 

Birds  possess  two  larynxes,  of  which  tlic  lower  is  situated  at  the  bifurcation 
of  the  Inicnea  uiid  is  capable  of  prctdticinK  llie  voice.  Two  folds  of  mucous  mem- 
brane (in  singing  birds  three)  project  one  into  each  bTcnebus,  Ihcy  ore  rendered 
tense  and  are  approximated  by  from  one  to  live  or  six  pairs  of  muscles,  and  they 
Ktve  for  the  production  of  the  voic<.'- 

Among  reptiles,  the  tAnoise  can  produce  only  ;l  snorting  noise,  becatice  it 
possesses  no  vocal  bands;  in  tbeemysthismaybeincrcoMd  to  a  peculiar  whistling. 
The  blind  snakes  are  wholly  voiceless;  tlie  chameleoQ  and  the  lixard  exhibit 
fpeble  V riici'- formation ;  the  alltgiitar  and  the  crocodile  arc  able  to  emit  a  roar, 
but  in  the  adults  of  some  species  of  crocodde  the  voice  is  lost,  owing  to  changes 
in  ths  larynx.  Snakes  lack  special  apparatus  far  voice-formalirm.  in  the  act  of 
forcing  the  air  from  Iheir  capacious  lung  through  the  entrance  of  the  larynx. 
they  produce  a  hissinc  sound,  which  at  times  may  1>e  surprisingly  loud  and  harsh 
(puVfins  adder,  hooded  snake). 

Among  the  amphibia,  frogs  possess  a  lar>-nx  with  vocal  bands  and  muscles. 
By  blowinj-  gentlv  through  this  without  muscular  action,  they  produc*  disep, 
intermittent  sounda;  by  blowing  more  forcibly  and  contractmjf  the  constrictors 
of  lh«  lar^iix,  thoy  pmdtice  it  clenr.  continuous  sound.  The  mnlet!  of  Rana  escu- 
lenta  possess  at  the  angle  of  the  mouth  on  each  side  a  sounding-bag.  which  ran 
l>c  inllaCc^l  and  which  intensifies  the  sound.  In  the  tree-toad  these  sacs  are  united 
in  the  middle  line  to  form  a  single  larjngea!  luic  Amwig  lOitdt.  ihe  sonnds  pro- 
duced are  usually  weaker,  and  of  these  the  bi-ll-likr  rote  of  the  bombinator  is 
worthy  of  notice;  true  toadx  emit  fwlijt-  tones.  The  vocal  'Wgan  of  the  Surinam 
toad  (pipa)  is  pfculiar:  twn  cartihiKinrnis  rods  pri.ij«fl  into  the  himen  of  a  large 
larvnz :  these  arc  set  into  vibraiion  by  the  current  of  air,  and  sound  like  vibrating 
rods  or  the  branched  of  a  tuning-fork.  The  salamandur  occasionally  cmitK  n 
sound  resembling  "uik."  Amtrng  fish,  utterance  of  sound  ticvurs,  a.t  a  rtsult  of 
friction  of  t.^lI^  uppefpand  low^r  pliaryngonl  bi-'ne*  ngninKt  each  other,  or  of  vibration 
of  fins  inductd  by  muscular  action,  or  of  thi-  escape  of  gas  fmm  thi-  sr'-imtning- 
bladdrr.  moulh,  or  anus.      Finally,  muscular  sounds  may  he  observed  m  hsJi 

Among  invorlebrates,  incccti  firt-  nbif  to  |>nidiice  sounds  partly  by  forcing 
the  expired  air  through  their  stigmata,  which  arc  provided  with  rc^s' supplied 
with  muscle*  (for  example  bees,  man)'  diptera.  etc.).  In  addition,  the  wings 
often  generate  sounds  by  the  rapid  movenneiit  of  the.ir  mn.-urks  (as  in  flics.  Iiecllcs. 
bees).  Tlie  death-head  (Sphinx  atropos)  produces  sound  bv  forcing  air  from  it» 
•licking  stomach.  In  others  sounds  are  generated  by  rubl>ing  the  legs  on  the 
wing-case*  (acridium),  or  the  wing-cases  <ju  each  other  (gryllus,  locust),  or  th* 
breast  (ccramb>'x),  the  leg  (geotrupcs),  further  the  abdomen  (necrophorus)  on  tbe 
margin  of  the  wings,  or  the  lower  wing  on  the  wing-case  (pelobius)  In  the  cicadas 
dnim-memhratie.t.  pulk-d  upon  by  muscles,  are  caused  to  vibrate.  In  some 
spiders  (thcridiiim  I  fnelinn-sounds':ire  produced  lielween  the  ceplialothorax  and 
tne  abdomen. in  some  crabs  (palinurui;)  also  by  the  claws.     In  c*'rt«in  snails  (helix) 
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die  escape  oC  air  producca  a  kind  at  vuioc.  Finnlly.  some  mussels  (pcctcn)  «iv 
able  to  produce  sounds  by  beating  thcjr  shells  on  i-ach  other,  In  tbe  animal 
world  the  utterance  vt  sounds  avrvts  priiKtpally  a»  a  decoy. 

HistOiicaL — Tht  Htppocralic  Mhc^  woc  uwatc  M  ihv  fact  tbat  divi«ion  of 
the  trachea  abolUhei  th*  voic«  Ahttotlc  modr  numerous  ttiHtril-wtiuns  rcgardinc 
tlu^  Vdicc  and  the  vvniing  o<  air  in  animals.  The  trae  m«]^t  into  the  cattse  o3 
voice-iomiaiion  was,  howewr.  hidden  from  him,  an  w«.-ll  on  from  Gakn.  Th* 
latter  coniiiurcrd  the  vix-al  bands  with  the  nt^di  uf  a  shwpbvrd'a  pipe.  Locs  at 
voice  in  conditions  of  cxirvmc  wt:ai:ncss.  especially  bIIct  hcmorrhatpe.  wai  known 
to  the  anctentk.  Goten  otnwn-^-ed  Iran  ^>t  «uicc  after  c-stablishiDent  of  double 
poeuinotliontx.  further  after  section  of  the  intercoetal  muscles  or  ibcir  nerves, 
also  after  dcstruciiuo  of  the  lower  p<irtion  of  the  spinal  cord.  e\'«n  when  the  dia- 
phragm Btill  periunntd  its  funcltum.  He  gave  ibe  larj-nneal  cartilaprs  the  nasws 
that  they  still  bear,  rec-.>^iicd  some  of  the  laryngeal  muscles,  and  asserted  that 
the  voice  srninds  fifily  when  tiip  glottis  Ijccomes  narrowvd.  Dudart  (1700)  hrsl 
aitributod  the  devel.:>pmi.Tit  of  iht  voice  to  the  vibration  of  the  vocal  bAiids  as 
a  fvAult  of  thii  lur  pu»ng  ihniugh  the  glottts:  as  the  tension  of  tbo  ImumIr  tM*comc* 
greater  the  pitch  of  the  voice  increases.  The  Paris  profe«sor  Ferrein  tir^t  de- 
clared correctly  in  1741  thai  the  width  of  tbe  glottis  ia  without  influence  on  tbe 
Kitch  of  the  voice,  he  ycsa  the  firtt  to  produce  sounds  in  the  excised  lar>-iix  by- 
lowing  air  throueh  it 

The  study  of  phonetics  was  practised  already  by  the  ancient  inhabitanta  of 
India,  less  by  the  Grtxlts.  but  later  by  the  Arabuuu  Pietro  Ponce  (died  1584) 
was  the  hrst  to  give  instruction  in  speech  to  deaf-mutes.  Later.  Bacon  <i638> 
Studied  the  cotifiguration  of  the  moutli  in  the  utterance  of  the  various  sounds: 
Johann  Wallis  (l^s,l)  did  the  xame.  partly  for  the  instruction  of  deaf-mutes,  and 
tikeK-iiae  Conrad  Ammann  (1691).  Kratzenxtein  (lytii)  rirct  i>rodt»ced  artificial 
x'ow^ls  bv  fastc?ning  variously  shapfd  rrsonatora  to  a  ffx-ely  %Sbraiing  rerd-^ipa- 
ratua.  V^oK^ang  v.  Kempeten.  of  Vienna  (i769-t;9i). 'constructed  tbe  tirst 
talkinjE  machine  The  voice-apparatus  consisted  of  an  ivorv  reet]  moved  by 
means  of  n  brllows  and  ttrildns  upon  leather.  On  the  whole,  the  consanantn 
were  well  produced:  tbe  aanfratcs  were  produced  by  whistling  and  hissine  nao- 
natiDg  tubes,  the  cxplosi%'ta  oy  valve- like  arranj^ments.  R  by  ■  small  rod  daacinc 
on  the  irory  ttcd.  etc.  The  vowds  were^produccd  b>'  a  megaphone,  tbe  cavity  M 
which  was  altered  by  band:  A  (ah>.  O,  I.  (oo)  were  rcadilv  produced,  £  (a>  with 
more  ditftcult>-,  [  (eel  incompletely-  Air  was  forced  thr>!)ugh  the  entire  apf»aratitf 
by  mean*  rrf  a  bellow*,  while  the  machine  was  "plaved  upon"  by  tbe  ri^t  hand 
nitsine  vali-cs  and  th<^  left  hand  changing  the  nu-eaphone;  Wolfgang  v.  knnpelen 
titated  correctly  that  tension  of  the  vocal  bands  and  nantTwing  nf  tbe  glottis 
take  place  together,  he  is  tn  be  credited  with  manv  other  accurate  obarrvatioos 
cnnceniing  tbe  formation  of  articulate  sounds  F.  U  du  Bou-Rcymood  gavr.  to 
iSii.anatwal  system  oj' consonants.  Robert  Willi*  (t8i&)  found  that  an  elastic. 
vibrating  spring  ^-ields  the  vowels  in  the  scries  L  (00).  O.  A  fafai,  E  (a),  I  (ce), 
in  accotdancc  with  the  pitch  of  iu  tone:  also  thai  tbe  i-owH-btfe  sounds  can 
be  produced  in  the  &amc  order  by  lengthening  or  shortening  an  artibcial  rrwHuiting 
tube  attached  to  a  voice -appara tun. 
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GENERAL   CONCEPTION   OF   THE    NERVOUS   SYSTEM. 

STRUCTORE    AND    ARRAKUKHEnT    OF    THE     ELEMENTS    OF    THE 

RERVOUS  SYSTEM. 

With  relation  to  tbc  general  coiuprrhciisioD  ui  the  structure  and  funcLion  of 
iltc  ntrvetlinncuLs.  two  vppuscd  nLWM  are  hcW  ut  the  (jresc-nt  limu.  According 
tp  the  one  the  tirfHwn,  tnal  is  n  Kuiixli<>"-«rll  with  all  of  iis  prt-ecssv*.  is  to  be 
cansidi:r«<l  iit  thv  independent  phytiintof^cal  unit  of  ncrvnus  ti«<tur,  Tlic  vaHoub 
nmirons  are  not  in  immediate  and' direct  connection  with  o»e  another  The  axi»- 
cylinders  of  alt  nerve-fibers  arise  from  ganglioa-ecUs.  and  not  (rom  a  ntiwork  oj 
IttKTs,  All  ncrvu-l'ilxTs  terminiit*!  tiiiull)'  by  means  ot  tcrminul  arborcsecnci^S  or 
lelndendrites  It  isonly  through  these  lenn'mal  filaments  th«l  iht  ner\'c-eleniem« 
oTEtonnected  by  contact,  llic  niinutv  radiclta  being  applied  tti  oiji'  anothtT  The 
nerve-cells  and  the  reirc'filiirrs  Imvt  cacli  a  diBiincl  ]>liy5ii>Ir>i;ica|  irnpdrtHncc.  the 
cells  acting  as  the  physiological  centers  (for  automatic  or  rvflcx  movemem,  fnr 
iicaiiati«.>Qi  pcrceptic-Q ,  for  trophic  and  secretory  funclionii),  the  LWrH,  which 
olwttys  orit;tnatc  fixMn  the  nerve-cells  as  proccstea,  representing  IL  conduciiitg 
apparatus. 

The  more  recent  view  rejects  the  neuron  us  the  physiological  unit  and  con- 
siders the  tibrillarj' substance  or  the  neuropile  as  the  meaium  of  nen-ous  activity. 
The  hbrillRry  siibstaiiet^  is  jiii'«'iil  in  the  grrat  muss  of  gray  nintlcr.  which  repre- 
sents a  line  laeework  nr  neiwork  of  nerve-librilii.  It  can  W  seen  furthpT  u>  the 
nerVK-celK  and  in  the  iilK-r>  puiuiing  ofl  from  tliu-m.  The  hij£htT  tin-  iilniw  of  (level* 
(i|)ment  in  the  animal  scale  the  less  numerous  are  the  ner\-c-cclls  in  pniponion  to 
the  fibrillary  stniclure.  ilie  ganglion-cells  scr\-ing  only  as  nuiritiunol  cmler^  for 
the  inctabaliam  of  ilic  ncr\'i.--tii>!tuc.  As  ficthc  ha.i  Khoivn  that  reflex  ncli^'ity 
persist*  in  crubs  even  after  the  ganglion -cells  have  been  extirpated,  conduction 
inuit  obviously  inkt  jiliice  m  the  mass  of  fibers  exclusively.  The  ncurcin  thus 
losei  its  sipiiticance  m  tlie  pliysi'jlojjieal  sense  and  iiU'»  ir'^m  thi-  hirtological 
standpoint. 

The  ntrvs-llbers  are  of  several  varieties; 

I.  The  simiiiest  form  o(  nervctibers  are  the  primiihv  fibriis  or  axii-fibnh 
(Fig,  310.  i),  Qistingtiishiihle  ntily  with  high  piiwere  of  the  micnJseope.  They 
occur  as  delicate  fibers,  presenting  al  varying  intervals  slightly  varicciie  or  spindle- 
shaped  IhickeningH  (postmuricm  change),  and  they  can  W  rtrofinized  by  tbc 
brown  color  that  develops  after  the  application  of  gold  chlorid.     Iliey  apprar  in 

KarL  in  ihc  vicinity  of  tiie  terminal  di.siritiulion  ot  the  ncnes.  resulting  from  tbr 
brillation  of  iht:  .-uit.vcyliiHlers.  as.  for  example,  in  the  layer  of  fib«i«  of  the 
optic  nerve  in  ihc  retina,  in  the  lermmol  distribution  of  the  olfactor)'  tibcrs,  in 
the  net-like  connection  nt  the  terminal  diBtribution  in  unstripcd  muscle,  and  in 
part  in  the  gn»y  lub.ttance  of  the  brain  and  the  »pmat  curd  ari  the  most  delicate 
[pr()e<^sseK  of  divided  dendrilCK. 

I.  Xakfd  aris-iyiituli'rs  (Fig.  ??o.  a)  fepfesent  bundles  of  primitive  libnls. 
which  are  characterised  by  most  delicate  longitudinal  striaiion.  separated  by  a 
number  of  fine  frramiles.  They  are  encoimtered  in  most  exfiuiwle  form  as  neuntes 
of  centra)  pang  lion -cells  (Pig,  310.  1.  t.) 

J,  .'l.tii-o/irKt  VI  surn/Hmlrti  by  tu-Mrt/rtwwa  or  the  sheath  of  Schwann,  from 
j.S  to  fi.S  H  in  thickness,  and  desit:nAted  iu>M-maiulhit<i  or  gray  nervc-fibera.  The 
sheath  of  these  fibers  is  a  delicate,  elastic  cylinder  composed  of  fiBttencd  cells 
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and  covered  licr«  And  th«r«  with  ovmI  nuclei.  Dilute  acids  clear  the  fibers, 
without  swelling  They  arc  stained  brownish  red  by  gold  chlofid.  They  ocmr 
in  lurgc  numlxtrs  in  the  s)TnpMhotie  nenvs.  In  rmhr^-ona)  li(e  all  nerve*,  as 
well  as  the  nerves  of  many  invertebrates,  are  of  this  variety.  In  Rome  situations 
several  iixii;-cy Linden  are  present  within  une  KhcBlh.  These  are  designated  Re- 
mak*s  liVicr*,  They  occur  chiefly  in  tbts  sympathetic  system  and  in  the  oUactoiy 
nerves. 

4  Axis-cylifuUrs  or  ncrvr-filirib  surroiuidcd  only  by  u  mntullary  jkeath  are 
present  in  the  white  iuid  j^iy  5iil>st.incc  of  the  central  ner\'Ous  syatcm,  also  in 
the  Optic  and  auditors-  nerves.  Alter  death  ihcy  exhibit  a  tendency  to  tinderjio 
varicui^  and  nodular  thickening'  in  c^'itfim  urvan  in  conH'^ucncv  of  the  coagulatton 
of  the  medullary  substance;  hence  they  arc^  also  (lfB4gnat<-'i  vanc.isn  fiivt>.  Oamic 
aeid  acts  upon  these  fibfre  only  imjicffcetly :  otherwise  the  medulla  exhibitr  the 
same  characteristics  as  the  fibers  of  the  (olloMTiy;  cateftory, 

5.  The  mtdullatud  ftbin.  with  a  sheath  of  Schwann  (Kig,  »ao,  5,  6),  oeeiirring 
principally  in  the  eerebroKplnal  nerves.  Uit  also  in  small  number  in  the  sympa- 
thetic nerves,  exhibit  the  mcMt  complicated  structure.  They  vary  in  width  from 
I  to  116  ".  The  essentially  nervous  (.Icmcnt  of  these  fibers  isi  the  axis-cvlind*T 
(Fig.  »io.  6,  a>,  which  occtifiici  fnjni  onc-fnurth  to  om-sixth  of  the  width  and  is  sur- 
rounded by  nerve- marrow  hkc  the  wick  of  a  candle,  Ocncrally  it  is  soitvewhat 
flattened,  and  at  times  it  la  somewhat  eccenlric  (Fig  no,  j).  Otherwise  the  axis- 
cylinder  ts  composed  of  fibrils.  Its  consistence  dunng  hie  is  that  o£  semiliquid 
protoplasm  or  even  more  fluid.  According  to  Kupffcr  a  fiiiid  (neuroplasm)  is  pres- 
ent betwei-n  the  lihrils. 

CbloToform  and  collodion  render  the  axiS'Cylinder  visible.  It  is  most  readily 
isolated  by  means  of  nitric  acid  with  an  exceu  of  poianium  chlortd.  On  treat- 
mcnt  with  silver  nitrate.  Frommann  noted  the  appearance  in  places  of  striation 
transverse  to  the  axis-cylinder  (Fig  tTO.  8).  the  significance  of  which  could  not 
be  determined 

The  axis-c^'Iiuder  is  surruucdcd  by  the  medullar)*  sheath,  which  in  the  fresh 
state  is  homogeneous  and  stronglv  Tcfracting.  It  ie  at  the  same  time  of  fluid 
coTisiBtencc,  so  that  it  exudes  in  Riobular  drops  (x)  from  tlie  cut  surfaces  of  the 
libers.  After  death,  however,  or  under  the  influence  of  heteroceneou*  Huidi;.  the 
medullary  substance  at  nrst  retracts  eomewhai  from  the  slicath,  and  as  a  renilt 
1I1C  fiber  exhibits  a  double  contour.  Then  the  substance  by  a  process  of  emulsifl- 
cation  tireaks  up  into  larg:er  and  smaller  globules,  which  teiid  to  In-  clinaf  together. 
Peculiar  broken-np  masses  arc  thus  formed  in  the  nerve-fiber,  giving  it  its  charac- 
teristic appearance  (Pig.  aio.  6>, 

The  iiicdultary  slicath  iii  strongly  refracting  and  postiivrly  uniaxially  doubly 
refracting.  The  optically  active  kodr  is  lecithin.  The  .■iukstance  of  tho  medul- 
lary sheath  is  especially  rich  in  ccrebna  and  lecithin,  which  swell  up  in  vrarm 
water  and  assume  similar  forms,  which  liaec  been  well  named  myelin  forms. 
Ether,  chloroform,  and  benBim-  increase  the  lran»pari-ney  of  the  fibers  (with  disap- 
pearance of  the  double  refr.iction)  by  solution  of  the  fui-like  constituents.  Ossnie 
ftcid  staint  them  blaek, 

Inunediately  Mirrounding  the  medullary  sheath  is  the  sheath  of  Schwann  or 
ntKTiltmma  (fig  330,  6.  cj,  a  delicate,  structure  If  xh  meiiibrane.  reKembting  the 
sarcolcmma  It  contains  disseminated  ohlong  a-adily  stained  nuclei.  On  addition 
of  acetic  aciit.  and  in  chromic-ncid  preparations,  tliis  sheath  appears  tn  part 
isolated. 

The  sheatl)  of  Schwann  cxliibits,  in  the  case  of  thick  fibers  al  inter^'als  ol 
considerable  leOKth,  in  thai  of  thin  libers  at  somewhat  shorter  intervals,  the 
H.'t!c^  of  Ramn^r  (Fig.  3Jo,  6,  t  t.  and  Fig.  jji./j).  These  arc  annular  con- 
strictions, about  which  the  myelin  is  wnnting  Between  each  two  coast rictionii 
is  a  nucleus,  so  that  such  a  'segment  of  the  fiber  is  c(}uii'iilent  to  a  cell  from 
which  it  may  be  cunwdcred  10  have  originated.  At  thcannularconstrictkins  the 
nutritive  plasma  probably  enters  the  fiber  fur  the  axis-cylinder,  as  stains  arc  able 
to  penetrate  at  this  point  (S);  prohmbly  also  the  products  of  metabolism  are  re- 
tivdved  by  the  same  channels.  Apparently  two  segments  of  the  sheath  of 
Schwann  are  nniu-d  bv  ceminil- substance  at  the  annular  constriction. 

The  axiseyUndcr  exhibits  at  the  situation  of  the  annular  constriction  regu- 
lar preexisting  iiitcvruptiwis.  as  can  beat  he  demonstrated  by  treatment  with 
silver  nitrate.  And  although  the  ditcovcrcr  Engelmann  does  not  believe  that  in 
the  living  liber  n  dividing  layer  of  mieroscopkr  thickness  is  interposed  in  ihe  an- 
nular  consttietion  between  ea«h  two  adjacent  segments  of  axis-cylinder.  )-«  such 
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lacsiis  of  tnuuvene  or  oblique  fibm  Uiat  (hvidc  the  mytiia  bnween  two  annolar 
coiutncUons  into  a  numWr  of  succtrssiTr  9(.-em<-ni.'i  In  this  wrtv  air  formrd  ibr 
oUiquc  elefti  or  tndenitUiimi  gf  Schmidt.  Lantcmmnn.  and  Kuhnt  in  ibc  myelin, 
as  shown  in  Pic.  iit. 

Aocording  to  Lc^dig  and  Josc-ph  the  axix-cvlindcn  contain  a  d«Ucatc  reticul&r 
inancwtitU,  in  tho  mi<l»t  of  which  the  lihrih  i^f  the  »xis-cy(ind*T  arc  mibcdd«l. 

The  nervp-fiber*  ar*  undivided  in  their  coiir«  in  the  nerve-trunk  A«  lh*y 
approach  Ihnr  t«nnirul  diKtrilmtiuii.  Utcy  (Ii\ii1p  luniully  into  two,  leK£  cominoiily 
intowvrTBl,  lihK-Tii  that  undergo  no  funh<''rchan};<v 

In  untmald  llif  ncrve-slwaths  are  sonM^ttnies  £till  more  complex.  Thus,  in  tlie 
clectrirjil  nen'c  of  Ihc  electricjil  calfi^  thv  khfuth  of  Schwann  of  the  individual 
ncnc-Iilicr  is  conitituicd  of  such  a  larsc  numtH-r  of  tavm  that  the  fiber  may 
attain  the  thickima  of  a  knitiing  nccdlt.     Id  the  invcrtcbrotcs  the  ncrve-fibcn as 
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a  rule  havt  no  mi-dullAry  sheath.     Reiiius  found  them  prcacni,  bowtvcr,  in  ik- 
ahriinp. 

The  coonwjiive  tissue  mixed  with  elastic  fibers  that  siirroonds  a  ncr^ivt  «*.-»:. 
b  dcsijtnnted  cfiiiicuriHin  [FiK  »aa,  tp).  The  individual  nvncftbfrs  on-  um^.  ^ 
in  the  ncni-trunk  into  biintUca  and  each  of  the  latter  is  surr.:.«fl(I.-d  by  ihf  /•-=—, 
ibrafiM.fl  </>,).  Imm  which  the  en>i^'i<tntfiu  (,■>{)  passes  inward  bctwocn  ibi-  i»er— s.- 
fibcrs.  'lljesc  shcaihs  are  at  tin.-  same  time  provided  with  toiKcntnc  U>-^ 
constituted  of  Miio<>lh  conm-etiVc-tiMu*  cells  thai  can  be  stained  wun  Jil-v.- 
nitrate.  Even  the  individual  nerve-ttbcr.  which  r»«uli8  from  the  brealcwit  i»f» 
a  bundle  M  tiht-t^,  is  further  ntrroundcd  W  a  iheath  coniryjsted  of  fl«l  c«lDC«a-^. 
tissuf  cells  in  inuttial  contact  (Henle's  sheathl  The  IntiKHudina]  networlc 
blood-veitseU  of  ihf  nerve-fibers  is  wipporled  by  tlie  cfiiTvective  ti«xi*  OI  ^__ 
latter      Thelvri     ■       :     '  —   which  reach  i"  the  inilividual  ftlim 

In  tbeu-  .i<  nUw  fin-t  t.>..».^t  of  hbnl«  that  Ikcotiw   ^^ 

rt>umW  "■  -i    :.«^iy  l-V  nied«nar>.  "heath..    .  At  l^nh    - 

cerebral  r,  1  the  audm>r>-  m^'e  ale*"-  *«  mrduIUied,    Tbc  lo« 
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itdinnl  ginwth  of  the  fibers  tokci  place  through  elongation  of  the  individual 
imerannular  ^cgmerts  and  at  the  snmn  lime  hy  Iht-  (iirtnation  ol  new  stgmciits. 

Tht-  ganglia  have  been  considered  partly  as  celli,  partly  ax  inoru  cbin(>lex 
structures.      I'here  ai^  to  be  diKtingruinhecl: 

1.  Ceniral goHglia  (Fig  lao.  1).  occurring x>artly  as  large  cells  Cup  to  t$o«iii 
diameter,  visible  to  the  naked  eye,  in  the  anicnor  hornft  of  ihi;  Hpinul  cord}, 
partly  as  small  celb  (from  4  to  q  u  in  dlamtrier.  dcficitnt  in  iiniloplosm ,  in  the  pofi- 
berior  horns,  in  many  parts  of  the  cun-'brum  and  cerebellum  and  in  the  retina), 
spherical,  ovoid,  or  pear-eh&pcd.»ilh  numerous  proccfiacsthatuftcii  kivv  to  the  cells 
a  star-shaped  nppeiLranciv  The  brnthtrs  l.iLn(luie  found  thv  jianKlia  of  young  insects 
much  amalkf  than  1ho*p  ot  ndult  insects.  A  simtUr  stntement  is  made  also  by 
Schwalbe  with  respect  to  these  cells  and  their  nuclei.  The  cell-body  is  without 
a  canftulu,  of  ttofl  eonaisience  and  exhibiting  a  reticular  sinitture,  or  it  finely 
GbrilW  strucIiiTV  which  extends  intn  the  processes.  Bi'tweini  the  Iibn1]x>  is 
everj'Wher*  distributed  yellow  or  brown  finely  granidar  pjgmcnt  either  heap«d 
up  at  some  particulAT  part  of  The  ccti  or  disseminated  throushout  the  entire  cell. 
Tnc  relatively  Urge  imcleus  is  clear,  granular  or  reticular,  antfin  early  lif«  without 
a  membrane.  It  contains  little  or  no  chromatin-subetancc.  Thenuclcuscoiitainsa 
aucleoluit,  which  in  the  fresh  stale  is  angular  and  motile,  and  after  death  is  spheH- 
CbJi  highly  refractik-.  staining  feebly,  and  often  in  turn  contains  a  smaller  granule. 

On  trentmcnt  with  precipitating  and  colorinji  mnleriaU  [nlcoholie  incthyleno- 
blue)  the  celi-Ruhstanee  enn  he  demonttrated  to  contain  ehromnphilic  granular 
majwefi,  .10-called  Xissl  bodies,  which  are  discernible  with  grt-aitr  dilticulty  in  the 
fresh  and  living  ttate.  and  which  appear  with  viu-yinif  di-itrueii  uf  distinctness  in 
different  nervc-celln.  In  the  motor  gar  ^11  on -cells  these  bodies  are  arranged  iu 
concentric  parallel  layers  Electrical  irritation  induces  contraction  of  the  cell, 
causes  it  to  appeur  darker  nnd  brint;«  nbout  a  cIomt  ap[>r<ixinuiti<>n  of  the  Nissl 
bodies.  Section  of  the  motor  liber  emanating  from  the  gnnglion-ccll  leads  to 
granular  degeneration  and  diminution  in  the  number  of  the  bodies  If  the  nerve- 
tibcr  undergoes  regeneration  the  cell  again  acquires  ito  nonnal  appearance.  Ac- 
cording to  Lugaro  the  cells  of  the  spinal  ganglia  become  altered  and  tinally 
degenerate  after  division  of  their  peripheral  tibers,  the  nucleus  hccom*-8  smaller, 
while  the  Nissl  bodies  incn-'a«e  in  numlier  and  size  and  become-  grotiped  about  the 
nucleus.  Various  poiRonK  (utryehnin.  alcohol,  tctanuii,  nUn  uFeiniii.  ntit "intoxica- 
tions, ioanilion.  anemia,  prolonged  high  fever.  heat-strokL-.  etc.)  cause  varioua 
changes  in  the  ganglion -cell*,  mainly  aileciin^  the  Niwl  bodiii;.  The  eills  of  the 
cerebral  corlrx  are  affected  in  a  p«uliarly  sj^iedtic  mnnmr  by  i-ach  poison 

Of  the  processes  given  off  by  the  gang)  ion -cells  tht-re  an;  a  large  number  that 
break  up  soon  after  their  urigiit,  like  tui  intricately  branching  riKit.  into  numer- 
ous, delicate  fibers  presenting  a.  vancosc  appearance,  and  designntcd  df?i- 
drilei  or  protoplasmic  or  secondary  processes  (rig  no,  1.  y),  Thes*  dendrites 
conduct  cellulipetally  and  form  an  intricate  terminal  nettti>rk.  The  dendntc* 
of  adjacent  celii  do  not  anastomose  with  one  another,  but  lie  in  close  rtt«- 
tion.  entering  merely  into  contact.  Neither  do  the  fibers  of  the  dendrites 
Jive  rise  to  nervc-fibcrs  passing  in  a  ponpheral  direction.  The  group  of  terminal 
nlamentu  of  a  dendrite  is  designated  a  terminal  network  or  a  itrloJcndrfn  In 
addition  to  the  dendrites,  the  ganglion -ceil  gives  off  a  process  of  considerable 
length,  arising  by  a  conical  bnsc,  then  pursuing  a  uniformly  simple  course,  and 
conducting  in  a  cclltilifugal  direction  This  process  is  designated  an  axone  or 
a  iwiiriw  {an  axi«-cyliiidt.-f  or  [irincipaJ  urocew)  (1.  »).  The  ncurite  is  often  con- 
tinued peripherally  into  a  nerve-fiber.  Within  the  central  nervous  system  it  Kivcs 
off  here  and  there  drlicatf^  branches  that  are  desigiiale<l  d'Ualirrah.  These 
break  up  into  a  line  terminal  network,  the  radicles  of  which  penetrate  between 
the  elemo-nts  of  the  central  organs.  The  neuriles  from  the  ganglion -eel  Is  of  the 
<erebral  and  cerebellar  cortex  divide  after  a  short  course  in  a  complex  manner. 
Also  these  fine  divisions  come  in  contact  with  other  nerve-elements  in  the  central 
organ.  Thu*  nerve-cells  are  connected  <mly  In"  the  contact  of  their  delicate 
processes.  Moreover,  a  nerve-fiber  never  passes  directly  over  into  the  histological 
elements  of  a  nerve  end-organ,  the  conducting  fiber  teing  only  in  telodendritic 
contact  with  llmt  organ.  If  certain  nerw-lnicts  arr  esjwcially  umcd  and  exercised, 
the  aliercd  function  of  the  ganglion-cclb  in  question  may  perhaps  be  explained 
~by  a  further  penetration  of  the  dendrilea  into  additional  areas  ot  the  interstitial 
'tissue,  into  which  thty  h.id  hitherto  not  penetrated.  Dcmoor  and  Hcger  ob- 
^tCTved  changes  in  the  dendrites  and  ncuritesof  the  brain  after  irritation,  cocain- 
•anesthesia  and  the  application  of  cold. 
40 
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3.  <7(ih(/mi   itritk  coHmxiiv^'tisstu  capnilti   (sheattb%  of  Scbwaon)    <II)    occur 
atit  50 "  in  diameter)  in  the  jwriphrral  neo-c-nodes.     The  soft  c«U-body.  po«-j 
_      ring  two  or  mcin-  cell -processes,  is  ^urruundcd  bv  a  firm  capsule  of  cells  cIoj#h 
applied  to  ont-  amuhiT,     The  coll-lioJy  of  the  nimal  Knnetioii  cells  is  iravcr 
by  fine  fibers,  the  capsule  is  later  on  connected  with  that  of  the  ncrvc-fibcr 

3.  Btpohr  ganglia  arc  best  k-ch  la  iiih.  for  exumpk  iu  the  bpinal  giuielia 
of  tlic  ray  und  Ibc  sliark.  u»  well  as  in  tbc  GjuKrioi]  Eiuiiclion  of  ihc  pilcc.  Tniy 
appoar  as  nvielc-Rtcd  spindli-nhnpi,-d  envllinfpF  of  the  nxiA-cylinder  (on  the  right, 
next  to  1)  The  nor\-tf-m.'Lrrou'  \a  oft«n  abeient  where  the  gnnglion  is  interposed 
in  the  course  of  the  fiber  Occasionally,  howoi-er.  the  marrow,  and  alwnyt  th« 
stipnth  of  Schttjimi .  is  e<>niinueri  civer  the  f[iinj;lioQ. 

4  Gangiia  !.um>u>%<kd  u.-ith  fibers  occur  in  the  sympathetic  systrin  of  Uie 
frog  Prcjni  the  pear-shaped  cell  (HI,  n)  a  proccM  that  remains  no»-medullatvd 
extends  in  une  directiuii,  itiu!  jierhaps  furtht-nm  divides  inlii  iwobraiiclies  In  nd- 
dition.  on  the  surface  of  ihcccU.  n  sicoml  nervt- fiber  is  connected  with nn  extremely 
delicate  network  oftiiic  dbcrs.  The  second  nervc-fibtr  winda  around  the  tirst 
in  u  spiral  manner  and  then  proceeds  in  iuiotbcr  direction  {0}  lut  a  meduUated 
fiber.  Both  cidl  nnd  process  arc  eneloxtd  in  a  nucleated  e a pKule  (m).  The  Kiraight 
fiber  has  been  thought  to  conduct  in  a  cclltilifugal  direction.  theapirAl  hbcr  in  a 
cellulipeCd  direction.  U  is  possible,  however,  that  the  spiral  Iiber  is  derived 
from  nnolher  {[uniclion-cel!. 

The  cells  in  Ihe  peripheral  cnnglia  are  deserving  of  special  cnnsideralion      They . 
may  be  divided  into  two  kinds:    (il  the  cells  of  the  senatny  ganglia,  ir.cludingl 
lhe'«pitial  ^anjiliu.  and  on  thucL-rebntl  nerves  the  Ganeriao  ganglion,  the  pctrosumi 
glosso-phar>-n^'ei,  the  jujfular 'B'lnirlinn,  and  the  ni>d(ise  plexus  of  the  vn^us-  the 
auditory  ganglion,  the  geniculate  ganglion       Krom  the  pear&bapcd  cells  extend 
short  (jrolongations  that   become  gradually  thinner  and  divide  into  two  proces* 
diverging  in  the  shape  of  the   letter  T  ^nd  becoming  medullated    aervc-fibcr 
Onlv*  the  ganglia  of  the  auditory  nerve  have  celU  with  bipolar  proceiweii      The  pro- 
cess'  from  the pchphcral  scnsoK-  area  to  the  ganglion  is  the  crlluU/vtal  AotJriie 
The  neuriie  01  the  cell  pas-ses.  however,  in  a  ceiruUfugal  direction  mto  the  txn- 
tml    nervouK  Kyiitem    tin    Ihe  casv  of    the    Kpinal  jjan^lia  il  jiuKSeu  through  tfae 
posterior  roots  into  the  spinal  cord)  and  breaks  up  in  a  dendritic  manner 

Every  cell  of  the  spmal  eunglia  hux  a  ci>nnectiv«>tiuue  capiule  lined  by  a 
single  Inycr  of  epithelium      The  cvll-body  exhibits  a  granular  chromopbilic  de- 
position and  always  pigment,  while  the  ground -subst an oc  of  the  prolopUmt 
a  reticular  structure,  and  the  nucleus  is  without  chromatin. 

I  The  second  group  of  peripheral  gangha  contains  sympathetic  gunglion-ccll 
It  includes  in  tlw  courtc  of  the  cerebral  nerves  the  sj.henopalatinc,  the  otic.  sut 
masciliary.  and  ciliary  ganglia,  and  all  ganglia  in  the  distnbution  of  the  sympa-^ 
tiwtic  system.  The  cells  of  the  sympathetic  system  have  numerous  dendrites 
And  a  single  neurite  The  latter  hecoines  a  non-owdullated  nerve-liber  with  nvu* 
rilemmit,  and  it  leaves  the  ganglion  to  surround  the  ntrve-cells  of  other  ganglia 
with  a  network  or  to  terminate  on  a  blood-vessel,  while  the  dendrites  nunify 
within  the  ganglion.  The  ncrve-tibcrs  posaing  frum  the  central  nervous  fl>-atcin 
to  the  sympathetic  ganglia  surn'uad  the  cells  with  a  delicate  nctwnrlc. 

Numcrx>us  blovd-capillBrics  surround  the  individual  ganglion -cells,  which  also 
arc  provided  with  large  lymph-spftees. 


CHEMISTRY  OF  NERVOUS  TISSUE. 
HECBAiaCAL  PROPERTIES  OF  NERVES. 

Proteids. — Of  the  solid  constituents  of  the  gray  matter  atxnit  one- 
half  are  proteids;  of  the  white  matter  one-third      There  are  pt 
two  phosphorus-free  glnhu]in.s  and  a  nucleoalliumin  (almost  absent  froi 
the  white  matter). 

Onc  of  the  globulins  is  prvnpitablc  hy  u  little  neutral  salt,  and  coagulat 
at  47"  C  It  is  present  also  in  teukocyies,  muscles,  and  the  liver  The  oth 
globtilin  is  precipitated  only  (in  saturaiinn  with  magnesium  sulphate  and  cDagu* 
lates  at  ;o^.  It  is  prcM-nt  nl«o  in  livcr«:lls.  The  nucleoalbumin.  containing  a  % 
phosphorus,  coagulates  between  55"  and  6p'  and  is  prcci^rilated  from  a  water>' 
extract  of  brain-material  by  acetic  acid. 
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Xettrtikeralitt.  a  pliosphorus-free  substance  ricli  in  sulphur  and  closel;- 
related  to  keratin,  occurs  in  the  homy  sheaths  of  the  nerve-fibers,  r«niain- 
ini:  after  artificial  digestion  of  the  gray  ncr\'ous  sulislancc  by  trypsin; 
treainient  nf  the  resulting  product  with  pniassiiim  hydroxid  yields  pure 
neurokeratin.  The  material  of  the  sheath  of  Schwann  closely  resembles 
elaslin,  although  it  is  more  readily  soluble  in  alkalies.  The  connective 
tissue  of  the  nerves  j-ields  gelatin. 

Fats  and  fat  dike  sul>stanccs  soluble  in  ether  occur  principally  in  the 
white  matter  as  follows: 

(ii)  Liebfcich's  protagou.  which  resembles  cercbrin,  is  readily  de- 
composed, contains  nitrogen  and  phosphorus,  doubtfully  sulphur,  is  the 
principal  constituent  of  the  brain-masji.  but  is  wanting  in  the  ganglion- 
cells,  as  well  as  in  their  deeomposition-products. 

Il  c»n  U-  txiractvd  from  the  while  central  nerve-mass  bv  treatment  with 
Sj  per  ctnt.  tjcohnl  ot  45°  C  It  is  readily  Rolublc  in  ether,  glacial  acetic  acid 
and  hensfol,  scarcely  soluble  in  alcohol,  and  crj-stalllses  in  plates.  H  swell* 
in  water  and  becomes  o[)nk-sc:enl.  When  heated'to  jo*-  'he  f{lucoiiiii-]iki>,  phoB- 
phorus-fri-e  UkIv.  ctTcbrin.  is  s«-parate<I.  Boilwl  with  liiirjta  it  viekls  the  dp- 
cotnpnsit  ion -products  of  lecithin.  Protason  was  considi'rpd  by  biakonciw  and 
Hcipj*'Scylcr  m  a  mixiure  of  lecithin  and  ccrchrin. 

(/>)  Ccrebrin  occurs  as  a  decomposition -product  of  protagon. 

It  is  a  white  powder,  consisting  of  spherical,  transparent,  snnoolh  granules 
oontaining  nitrogen,  but  free  Imm  pn>wphorus.  Holuhle  in  hot  alcohol. ehlorofonn 
and  benxol.  ioaoluble  in  ether  or  wM«r  Boiled  with  dilute  sulphuric  acid  it 
is  decomposed  into  gnlactmu-  nnd  a  fat  Piirkus  hiw  jtMiamictl  from  cerebrin 
tiomoeerebrin  (kerasin).  a  htimplnEous  readily  soluble  txMly.  crj-stallizing  in 
needles.  And  enerphalin.  which  sweTu  m\*  in  \in\  water  like  slaTchand  cmiluiDK 
an  additional  molecule  of  water. 

(c)  Leathin  is  chemically  combined  in  protagon.  In  addition  there 
are  present  decomposition -products  of  lecHthin.  such  as  glyccrophosphoric 
acid,  oleophosphoric  acid. 

Lecithin  is  an  ethor-lik<  combhiaiion  of  n*urin  in  which  the  lalliT  takes  the  piaet- 
ftf  the  alcohol.  It  is  of  wajty  ctirvKistcnrc  ami  il  swells;  in  water  in  myelin. forms; 
it  is  soluble  in  alcohol  or  ether  Neurin.  t^Hj^NO,.  is  a  strongly  alkaline,  colorless 
fluid,  fomiiin:  cryslallinp  salts  with  acid*  It  can  be  produced  synihettcally 
from  glycnl  atid  trymrthylumin ;  it  tic  solulik  in  watrr  and  in  alcohol.  Ni-iirin 
results  by  reduction  from  cbolin:  muscshn  results  by  oxidation  from  cholin. 
Cholin  i.t  non-toxic,  while  neurin  and  muscariu  are  toxic.  Ccphalin  closely  rc- 
semhlrs  lecithin :  it  is  precipiLnble  frtim  iin  ethereal  solution  by  alcohol  and  is 
Stained  black  by  osmium. 

Id'i  Clwleslcrin  occurs  partly  free  and  partly  in  combination  in  the 
ganglia  and  in  larger  quantities  in  the  white  matter. 

Whether  neulral  fat  or  fatty  acids  occur  has  not  been  positively  de- 
temriinetl. 

3.  The  following  products  of  retrogresaive  tissue-metamorphosis  can 
be  cxiractfd  by  water:  xanthin.  guanin.  and  hypoxanthin.  {'f)  adcnin, 
kreatin.  urea  (in  larger  amount  in  case  of  retention  of  urine).  (?)  uric 
acid,  jecorin,  neuridin.  a  diamin  occurring  in  connection  with  putrefac- 
tion. Further.  \V.  .Mullcr  has  found  formic  and  acetic  acids,  laurin. 
much  inosite,  and  in  cattle  leucin;  v.  Bibra,  fermentation  lactic  acid, 
and  Jaffe.  a  starch-like  substance  in  human  brains, 

Nervous  tissue  in  a  state  of  rest  has  a  neutral  or  slightly  alkaline 
reaction,  while  when  active  and  also  when  dead  the  reaction  is  acid 

The  cerebral  cortex  in   the  fresh  state  yields  an   alkaline  reaction,  which 
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is  quickly  changed  tn  an  acid  reaction  after  d^atli  (?by  fomeaution  lactic  Bcid). 
The  reaction  o(  the  nerve-tibers  durin)*  life  is  variable.  After  ihi-  tn)>i>stt<m  of 
metlivlcnc-blue  Ehrlicii  found  iu  living  aniniaU  that  the  »iibstam-e  of  ttir  ATnt.' 
cylin^-rs  st«ins  liluc,  i--iiircnilly  in  thuMi  nti^T*  thnt  yield  nn  iilkalinc  nraciion 
(cerebral  concx.  cardiac  ncrxcs.  the  smsorj-  and  motor  libera  of  ihe  unsiripid 
moActeft, g:u»tator>- unil  ulfactory  iicrvi:-cndi»Ks) .  wlvik-  tli€  endin^h  »f  thi.'  volunUuy 
motor  ncrvvs.  wtiich  he  cunsidcnt  have  an  acid  reaction,  remain  tinstaincd,  A  ~' 
cording  to  Pl«sch  the  ganglioti-i.-clls  i.-xhibit  diScrcncrt  in  their  rcAClionii  to  stsit 
in  ftccordixnce  mth  their  functions.    The  irritated  nerve  develops  carbon  dioxid. 

As  dead  nerves  exhibit  increased  consistence,  it  is  probable  that  vj 
condition  of  rigidity  develops  in  them  after  death  comparable  to  trn 
cular  rigidity  and  attended  with  the  development  of  free  acid.     Fresh 
brain  rapidly  scalded  at  ioo°  C.  remains  alkaline  (as  do  the  muscles). 

The  gray  matter  contains  more  water  (from  63  to  84  per  cent-)  than  the 
white  (from  68  to  ;o  per  cent.>.  The  dried  nuitenal  contAinc  &ll>umiu  (in  the 
fray  miller  jo  Sg  per  cent.,  without  nuclcin),  partly  soluble,  partly  insoluble 
(in  the  whiti*  maiKr  19. .1,1  per  cent. .  without  nuctcin  and  neurolceratin) :  lecithin 
ij.a  per  cent.  (9,9  per  cent.);  cholest^rin  and  fats  18  7  jK-rccnt.  (51.9  i*cr  cent); 
c«rebrin  o.j  per  cent.  (9.5  per  cent.):  extracts  insoluble  in  ether  6.7  per  cimt. 
(j.3  per  cent.);  saitii  1,5  per  cent.  (0.6  per  cent);  Uie  fray  matter  contains 
more  phoaphoric  acid;  neurokeratin  (o  j  per  cent,  in  moist  peripheral  ner\'ec, 
1.1}  per  cent,  in  moist  white  brain-matter).  Breed  found  in  100  port*  of  ash: 
potassium  33.  snflium  it.  mn^rsium  2.  calcium  0.7,  sodium  chlorid  5,  iron  phoa- 
phate  I  3,  combined  phosphoric  acid  jij.  aulpburie  acid  o  1.  silicic  acid  0.4. 

AuKin^  the  mechtinical  properties  of  nerve-filicn  the  al>n<nite  of  eta.ttic  tension 
in  the  vanous  positions  of  the  body  is  noteworthy.  This  is  recognised  from  the 
fact  that  divided  ner%'es  do  not  retract  and  that  the  nerve  hrcAks  \ip  on  its  surface 
into  delicate  macroseopieally  visible  tranjvcrM  folds  (Fontanas  ironi-verse  stria- 
tion>- 

The  marked  cohesive  resistance  of  the  nerves  to  traction  is  responsible  for 
the  fact  tliat  when  a  part  of  the  body  is  forcibly  torn  from  the  trunk.  »m  in  machin- 
ery accident*,  the  iierve-tnink*  often  resist  The  nerve,  however,  readily  breaks 
up  into  it&  individual  fibers. 

If  a  constant  electrical  current  be  passed  throush  an  excised  (or  even  dead) 
nerve  there  itt  a  motor  reaction  of  the  contents  of  the  fitiers  to  the  anode,  of  the 
sheath  to  the  kathode. 


METABOLISM  IN  NERVES. 

Little  is  at  present  known  concerning  metabolism  in  nerves.     The 
occurrence  of  various  extnu-tives  has  been  determined,  and  these  must  be 
consiidered  as  derumposition-producls.     On  the  other  hand,  it  has  not 
yet  been  possible  to  demonstrate  with  certainty  an  interchange  of  oxygen 
and  carbon  dioxid.     That,  however,  anabolism  from  the  blood  must  take 
place  in  the  nervous  tissue  is  indicated  by  the  fart  that  the  irritability 
of  the  nerves  diminishes  after  compression  of  the  blood-vcsscis.  and 
returns  on  restoration  of  the   circulation.     Thus,  compression  of   the 
abdominal  aorta  is  followed  by  paralysis  of  motion  and  sensation  in 
Ihe  lower  half  of  the  body;  occlusion  of  the  cerebral  vessels  gives  rise 
to  almost  immediate  abolition  of  the  functions  of  the  cerebrum.     Under 
Buch  circumstances,  the  poverty  of  the  nen-c-trunks  in  blood-vessels  is 
striking.     As,  however,  the  central  ner^'oiis  organs,  espcctally  the  brain, 
undoubtedly  receive  a  larger  blood-supply  the  opinion  seems  justified 
that  they  are   the  seat  of  more  active   metabolism  than  the  simple 
conducting  apparatus.     The  ganglia  form  much  lymph. 

Hodge,  Vas,  Kisal.  Mann.  Bcek,  F,  Pick,  and  others  have  studied  the  chanrjs 
in  the  i^nglion-eells  that  take  ptace  ait  a  re:sult  of  activity  and  exhaustion     it 
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IS  been  found  thnt  (luring  rrgct  the  fhromntie  suhstAnrc  accumulntrs  in  the 
etik.  while  it  is  consumed  during  activitj-  Activoly  funciionaiinc  00II3  are 
cntarge^l.  as  nre  also  their  nuclei  and  nucleoli  Exliausiiion  i&  indicated  by 
contrkction  of  the  nucleuK.  protiably  alito  of  the  cell,  and  l>y  the  furmatiDn  of 
a  diffusely  staimag  substaoiw  in  the  nucleus.  The  clearing  up  in  the  vicinity  of 
the  nucleus  is  due  to  disappearance  of  the  chromatic  substance.  According  to 
Levi  numerous  granules  appear  in  thcr  i-hromiiTic  substAncc  in  rabbits  as  n  mult 
of  activity  of  the  spinal  ganglia.  These  granules  were  wanilng  in  the  slate  of 
rest.  Pick  found  tae  Kiss)  oo<lics  iu  the  spinal  cord  rt^duccd  in  »ize.  Denioor 
aiaintaios  that  the  active  cells  of  the  ^-isual  area  stain  less  intt-nscly,  arc  diminished 
in  sise,  and  have  an  irregxilar  niick-us,  Poisoning  with  jiif.rphin  gives  rit*  to  a 
granular  condition  of  the  protoplasmic  procesaes  of  the  cortical  cells.  The  cells 
of  the  motor  area  of  the  cortex  are  shrunken  after  loiig-continu«d  irritation,  and 
their  processes  are  granular. 
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Nerves  possais  the  property  of  being  thrown  into  a  condition  of 

irritability  by  stimuli,  and  they  arc,  therefore,  spoken  of  as  irritable. 

Stimuli  may  be  effective  if  applied  at  any  point  in  the  course  of  a  nerve. 

An  entirely  uninjured  and  normally  nourished  nerve  possesses  the  same 

degree  of  irritability  at  all  points  in  its  course.     In  new-born  animals 

and  inhuman  beings  up  to  the  sixth  week  ihe  ner\'es  (and   muscles) 

react  less  readily  to  electrical  stimuli;  the  resulting  contractions  are 

~,ower  and  more  extensive.    The  cause  ajjpears  to  reside  in  the  incom- 

development  and  evolution  of  these  tissues.     All  stimuli,  if  power- 

il  and  long  continued ,  soon  cause  paralysis  by  over-irritation  of  the  nerve 

at  the  site  of  application.     The  nerve,  therefore,  loses  its  irritability  at 

this  point.     Further  on,  toward  the  peripherj',  however,  its  irritability 

is  still  retained. 

Hechanicat  stimuli  afTccl  the  nerve  when  they  induce  a  change  in  the  fo'mi 
of  the  nerve -jjarticles  with  a  oeriain  depx-e  of  Mpidity;  for  example,  a  blow, 
pressure,  crushing,  traction,  puncture,  section,  concussion,  sudden  release  of  ten- 
[aion.  in  the  case  oi  sensory  nerves  pain  occurs  as  a  result  ("faUing  aitleep'*  of 
tthe  extrsmities;  pain  on  striking  the  ulnar  nerve  in  ils  jiroovp  at  the  elbow); 
^in  the  case  of  motor  nerves,  muscular  contraction.  If  the  mechanical  injury  to 
the  fibers  has  resulted  in  interference  with  the  continuity  of  ilieir  conaucling 
elements  (the  axis-cylinders) ,  the  conductivity  of  the  ncr\'c  ceases.  If  tbe 
molecular  arrangement  of  the  nerve -part  ides  is  permanently  disturbed  (Xqi 
example  by  concussion),  the  irritabilily  of  the  nerve  is  lust. 

»A  light  blow  on  the  musculo -spiral  Rcr%-e  in  the  arm,  on  the  brachial  plexus 
in  tile  supraclavicular  fossa,  causes  tn  normal  individuals  contract  ica  in  tin-  muscles 
supplied.  The  mechanical  irritability  of  nerves  may  be  abnormally  increased 
uncfer  pathological  conditions. 
Tigerstedt  discovered  that  the  minimal  value  of  the  mechanical  stimulation 
(induced  by  the  falling  of  a  weight  upon  the  isolated  nerve)  is  000  milligram- 
roillimetent,  the  maximal  vaUii*  from  7000  to  8000.  More  powrTlul  stimulation 
causes  exhaustion,  but  this  does  not  extend  beyond  the  irritated  area.  The 
RUchanicatly  irritated  ncr%'e  docs  not  acquire  an  acid  reaction.  A  lesser  degree 
of  pressure  or  tension  incrcoMes  the  iiTital>ility,  which  a^ain  diminishes  after  a 
abort  time.  The  work  done  by  the  irritated  muscle  as  a  result  of  this  irritation 
wos  a«  much  as  roo  times  greater  tlian  the  kinclic  energy  of  the  nieclianical  ncrX'c- 
•rritation. 

If  a  mechanical  influence  acU  gradually  the  nerve  may  1m«  its  conductivity 
Or  Its  iminbjliiy  without  any  manifostaiion  of  irritation  in  too  process.  This  class 
**f  phenomena  includes  the  paralysis  in  Uie  dLsinbution  of  tbe  brachial  plexus  as 
a  result  of  long-continiictl  pres^re  by  a  crutch  and  the  paralysis  of  the  recurrent 
'*».t>'ngeal  ncrv-e  by  aneur>smB. 

As  a  result  of 'pressure  upon  nerves  by  graduaUy  increasing  the  weight  applied 
'^*««  WAS  observed  at  first  an  increase  and  then  a  diminution  in  ilic  irritalnlity. 
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In  mixed  ncn'es  the  rei^x-conducting  power  is  abolished  earlier  thMi  tbc  motor 
power. 

XtnV'SlfvKiiing  is  a  nicclianiciil  proccdum  that  luu  been  employed  tur  thera- 
peutic purpose*,  if  the  cxjxMcd  nerve  is  ^ttrctcbed,  the  tension  nets  a*  an  irritasl 
when  ii  reaches  a  ccrtnin  (Jcgrcp  After  slight  stretchinj;  the  rvtlvx  irritabilitv  is 
at  first  increased:  atronger  stretching  eauses  for  n  time  diminution  of  irritability, 
as  well  »K  of  refli'X  activity,  :uid  even  teni])(!rary  paralysis.  The  mua  extreme 
degree  of  strctchinj!  finally  gives  rise  lo  mTmaiicm  jmritlytis.  It  appears  that 
the  centripetal  fibers  (sciatic  nerve)  lose  their  conduciiviiy  earlier  than  the  een- 
trifugnl  fiucnt.  In  thr  j)rocc»»  of  stn'ichinii  methaiiiciil  chaiig'-'i  are  induced  in 
the  ncrve-tubcs  or  in  the  end-orKftiis  that  iirina  utKiut  nltcratiim  in  irritability 
The  effect  of  the  stretching  may  be  propagated  suso  to  the  central  ncr\'ous  syatem, 
Paralysis  following  furccd  strctchinj;  may  undergo  a  marked  degrt:e  of  ncovcry. 
If.  therefore,  a  nerve  is  in  n  Mate  of  excessive  irritability,  (or  example  m  a  ewe 
of  neuralgia,  if  this  be  due  to  intiammntorv  fixation  or  eon«trietifm  of  a  nerve 
in  its  course,  nerve- stretching  may  be  useful  partly  by  diminishing  the  irritability 
of  the  nerve,  partly  liy  breaking  up  the  uHlammatory  adhesions.  Ner\'e-i;t retching 
may  be  useful  alw3  m  cases  in  which  irritalimi  of' a  centriiietal  nerve  f^wt  rise 
to  reflex  or  epileptic  convulsions  hv  diminisliing  the  peripheral  irritability  (in 
addition  to  the  action  de»crihetl}.  In  the  c.ihc  al.'uj  of  (fiseancs  of  the  spinal  cord 
that  have  not  yet  advanced  to  a  state  of  gross  degeneration  ner\'c- stretching  is 
not  to  be  neglected  as  a  therapeutic  agent. 

For  physiologicnl  puqioses  R.  Hddcnhain's  tct&nomotor  is  employed  to 
induce  mcehanicol  nerve-stimulation.  This  consists  of  a  viWatiiig  ii-orj-  tiammer 
attached  to  an  extension  of  the  Ncef's  flammer  of  the  indue tifw-npparatut,  Trhich 
bv  a  rapid  sueeession  of  blows  upon  the  underlying  nerve  deveid^is  a  condition 
of  tetanus  lasting  up  to  two  minutes. 

Naturally,  other  mechanical  stimuli  of  n  similar  nature  will  jHeld  analogous 
results,  such  as  contact  with  a  vibraiing  tuning-fork,  iir  with  a  sounding  string, 
airolcingwith  a  bow-hke  apparatus.  rh>'thmie  stretching  of  the  ner^'e  (lon^tudiaal 
tnictiuii). 

Thcnnal  Stimuli. — If  a  frog's  ner^c  be  heated  to  4$"  C.  its  irritability  at  first 
increases  and  llicn  declines.  The  liiglicr  the  temperature  the  greater  ia  the 
increase  in  irrilabilitv,  but  the  shorter  is  its  duration.  Heated  for  a  short  time 
to  50"  C.  the  irritability  and  the  conductivity  of  the  nerve  are  abolished;  but  on 
cooling,  the  frog's  nerve  is  capable  of  recovering  it*  irritability.  Heal  increased 
above  65"  C.  destroys  the  irritability,  without  preceding  contraction,  with  di-t-enem- 
tion  of  the  myelin,  A  gradually  frozen  nerve  retains  its  irritability  when  ihawed 
The  cooled  nerve  retains  its  im'tabiliiy  for  alongiime  In  motor 'ncr\'es  tht'  irri- 
tability i»  increafted.  but  the  c™itr;u;ti"ns  ari-  slighter  and  more  pruloiiged  and 
the  conduction  In  the  nerve  continues  for  a  longer  time.  Sudden  cooling  1  if  nerve* 
by  a  temperature  of  — 5°  C.  and  below  excites  contraction,  as  docs  also  sudden 
warming  uy  a  temtierature  nf  from  40^  to  45'  C.  and  above.  At  stiU  higher  tem- 
peratures pcrsifstcnt  tetanus  occurs  instead  of  the  contraction.  All  snco  irritat- 
ing variations  in  temperature  ii  continued  rnpidly  destroy  the  nerve,  and  probably 
give  rise  to  chemieul  and  mechanical  aUeruti'>ns  in  the  nerve-stibstance. 

Of  the  nerve*  of  mammalc  only  the  centripetal  fibers  and  the  dilators  o( 
the  blood-vessels  exhibit  the  eReets  of  irritation  by  tempera tures  between  45° 
and  50"  C.  The  remainder  exhibit  merely  a  change  in  irritability.  Cooling 
to  -t-s"  C.  dimintshcR  the  irritability  of  all  of  the  nen-e-fiben*.  Cooling  of  the 
ulnar  nerve  by  immersion  of  the  ellxiw-ioint  in  cold  water  causes  pain  and  con- 
traction in  the  peripheral  distribution  of  the  nerve,  such  as  i*  broueht  about  by 
prolonged  pressure.  Local  n>iiHii;R  of  ncr\'ea  incrcaaea  the  irritability  to  tJie 
constant  currvnt  lasting  fur  a  considerable  time  (at  least  for  7Ap  second),  and  10 
mechanical  and  snmc  chemical  stimuli.  A  marked  lowering  of  the  tcmocrattirc 
locally  may  abolish  the  conductivity  of  a  ni-rve  at  the  point  of  apjMication. 
Loeal  heatmg  of  the  nerve  to  35"  C.  mcreases  its  irritability  to  the  faradic  cur- 
rent, ax  well  as  to  constant  currents  of  shorter  duration  (of  less  than  ,\t  Beecmd). 

According  to  Howell  the  extremes  at  which  irritaliilily  is  still  present  in 
motor  nerves  are  4°  (cat),  in  the  inhibitory  nen.'c  of  the  heart  below  15'.  in  \-aao- 
motor  nerves  between  3'  and  51*.  in  the  sweat-nen-e*  tttween  t"  and  45*.  in 
the  respiratory  fibers  of  the  vagus  ;",  and  in  the  pressor  SIxtk  nlihc  sciatic  in 
rabbits  about  2"  C. 

Chamical  stimuli  (chcmic;i1  muscle- stimuli  are  di.tcuMrd  on  p,  536I  gi^'e  rise 
to  irritation  in  nerves  when  they  cause  alteration  in  the  constitution  of  the  lattetr 
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a  ccrtnin  (tcvrro  of  rapidity.  As  a  result  uf  the  8C'li(^n  vt  intiEt  of  theu 
irritants  the  irritability  of  the  nerv-ts  is  at  first  increased :  then  follows  diminution 
to  the  point  of  abolition,  Chemieat  irritants  have,  as  a  nile.  let*  effect  <>»  txntcry 
nervc-til«T5  than  on  motnr  filjcrs,  so  thai  chemical  nm!  ihrmial  stimuli  have  to 
a  certain  degree  opposite  effects  upon  motor  and  sensory  nerves.  According  to 
Grtit;Encr  the  failure  of  chemical  stimuli  to  extrt  any  efT^vt  tm  MiiKor}-  ncrvis 
ubsciAcO  in  most  cases  may,  however,  be  due  for  the  mont  pan  lo  want  of  simul- 
tancf>«snes6  of  irritation  r.f  the  individtial  hbers:  and  this  view  is  supported  by 
the  circumiianoo  thai  substances  having  a  rapid  and  pcwerful  action  are  capable 
under  certain  condition*;  of  stimulatinR  al*o  centripetal  tihors.  Potassium  and  tt« 
salts  I'xtTt  a  slmngcr  action  upon  the  H.-nKorj'  nerves  (cattsing  pain)  than  sodium; 
ammonium  causes  the   most   intense,  irritation.     The  poinKil  effect  of  acids  is 

iiroportionate  to  their  degree  of  acidity.  Of  the  monatomic  ali^oholi  the  hi|;ber 
lave  a  more  intense  action  than  the  lower,  Amrtuu  stimuli  of  the  motor  n«r\'es 
arc;  (a)  rapid  dehydration  either  by  dry  air  (surrounding  the  nerve  with  filter-, 
[laper  or  su.ipendin^  it  over  .iiilohuric  iicid)  or  by  tlehydratini;  fluids,  such  a»  con- 
centrated solutions  of  neutral  allcaline  saltfl  (sodium  chlorid  is  said  to  stimulate 
only  the  motor  nerves  in  mammalji,  sugar,  urea,  also  concentrated  ciycerin  and 
solutions  of  some  metallic  salts).  Subsi'i|uenl  addition  of  water  ;it  time*  causes 
the  contractions  and  upasm  to  disappear  and  the  nerve  may  remnvn  irritaWc.  The 
dehydr»lion  at  hrst  increases  the  irritnliitity.  but  later  it  is  diminished,  imbi- 
bition oif  water  decreases  the  irritability  of  the  nerves,  (i)  Free  alkalies,  the  min- 
eral acids  (not  |)h  OS]  ihorie  acid),  many  organic  acids  (acetic,  oxalic,  liiTt.irie,  lactic), 
most  salts  of  thp  heavy  metals.  While  «c.-iiis  aeneratly  have  irritant  effects  only 
in  strong  concentration,  caustic  alValics  have  such  effects  in  solutions  down  to 
0,8  i>erecnt,  or  even  as  low  as  o  1  per  cent.  Neutral  pola.'t.Mum-tiills  in  concen- 
tratcJ  form  cause  rapid  dcstruclirm,  but  iire  less  powerlullv  irritnm  than  sodiurn- 
combinatioiis.  Neutral  pocassiuni- salts,  when  used  in  oiluic  solution,  at  nrst 
iiicrvoM  the  irritability  of  thir  nerves  and  then  diminish  it,  as  can  be  demonstrated 
<MpecialIv  by  stimulation  with  the  opening  shtwlc  <if  an  niduccd  current,  (c)  The 
ancslhclics  (ether,  chloroform)  and  carbon  dioxid  in  small  amounts  increase  the 
irritability  of  t^o1atcd  ner\'es:  in  larger  quantities  they  diminish  it  The  haloid 
salts,  espi-eially  the  bromids,  likewise  diminish  the  irritability,  Of  the  alkaloids 
and  iiarcoitcs  some  (opium,  cocitin.  curartn.  chloral  hydrnte)  diminish  the  irrita- 
bility ill  part,  while  others  {mor[ihin,  strychnin.  muBcarin.  atropin)  are  indifferent 
in  action.  Other  substanceJ^,  such  as  dilute  alcohol,  bile,  salts  of  the  biliary  acids. 
and  mjrar,  generallv  cscite  contraciion*  at  tirst.  after  which  the  nerve  rapidly 
dies  .Ammonia,  ifme-water.  solutions  0/  some  mrisltic  salts,  carbon  disulphio. 
and  ihe  ethereal  oils  destroy  the  nerve  without  stimulating  it  (thus  without 
inducing'  ctintractions  in  the  frog -preparation) .  Carbolic  acid  (which  excites 
convulsions  on  direct  application  to  the  spiniU  cord)  has  a  similar  action.  These 
■ubstancea  have  a  directlv  irritating  effect  upon  the  muscle. 

Tannic  acid  ha.*  no  irritating  effect  either  upon  the  nerves  or  upon  the  musclM. 
In  general,  the  irritatin);  substances  must  Iw  applied  to  the  nerves  in  more  con* 
cemrated  solution  than  to  the  muscles  in  order  that  contractions  may  result 

0(  chemic.illy  allied  mtHttances  tho»e  act  most  intensely  tipon  motor  nerves 
that  have  a  higher  molecular  weight:  for  pxample  sodium  iodid  acts  more  in* 
tcns^"  than  sodium  chlorid. 

The  Physiological  Siimulua.— The  nature  of  the  physiological  ncn-c- stimulus 
in  the  normal  Imdy  is  not  known.  It  passes  either  in  u  cenliifugal  direction, 
from  the  central  nervous  nystem.  as  motor,  sccrciorj-,  or  inhil>itoi>-  impulses,  or 
ia  a  centrifietid  direction,  iroin  the  B[>ecilic  terminal  expansion  of  the  organs  of 
special  sentc  and  of  the  sensorj-  nerve*  The  lait-namcd  clasa  of  stimuli  an; 
conveyed  to  the  central  ner\'ou8  organs,  where  t.hev  ari-  perceived  a«  sensations,  or 
ih«y  give  rise  by  transference  within  the  center  to  odeets  transmitted  in  a  centri- 
fu^l  direction  and  known  a«  reHex  processes  The  individual  physiological 
motor  stimulus  occupies  a  longer  lime  than  the  tranMlory  irritation  of  an  induced 
current  It  in  not  a  uniform  process,  causing  different  effects  in  accordance  with 
the  varying  intensity  and  the  morw  or  leas  frequent  repetition,  but  it  is  rather 
a  process  exhibiting  marked  variabilitv  in  the  timi:  of  its  occurrence  and  altain- 
tng  a  duration  as  great  as  one-eighth  of  a  second. 

HoraoloKnu.-i  and  heterologous  irritants  and  the  law  of  specific  cnergj-  are 
coQtidered  on  t>.  81  v 

BUetricsl  Stimuli,— Th*  electrical  current  exert*  it«  strongest  irritant  effects 
upon  B  nerve  at   the  lime  of  its  entrance   into  the  nerve,  and  at  th«  time  of 
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its  disappearance.  In  like  manner  any  rapid  increase  or  decrease  or  the  current 
paHsinK  throuKli  a  nerve  has  a  airoat;  irritanL  cUcct.  If,  un  the  other  hand,  the 
current  he  alluwcJ  to  pas  >;ruduAlly  tuio  the  ncrvc-trunk,  or  to  disappear  griidu- 
allv.  <>t  if  tlii;  current  pA»»ing  tbrtnigh  the  nerve  l>c  gradually  increaaed  or  ainiin- 
i3hed.  the  nsiblc  signs  of  ncr\*i? -irritation  arc  much  less  marked  In  general,  ihe 
»timiilatum  i^  moat  pronounced  the  men:  rapid  the  currtni-vanntion  within  th« 
nerve,  that  is.  the  murv  (uJdi-nly  the  strciitftb  i>f  tho  current  |>assing  through  the 
nerve  is  increased  or  diminished . 

This  law  applies,  however,  only  to  the  rapidly  moving  inuaclea  and  their 
nerves  {(r<tx.  warm-liloiidetl  aniniMs),  Fur  mtiwlcs  that  move  jjiiwly  (toad),  the 
unstrtatcd  muscles  and  those  of  aonic  invertebrates,  slowly  acting  and  slowly  in- 
creasing electrical  stimuli  arc  the  most  effective. 

Jf  linear  variation  in  the  cum-nt  (v.  l^lcischl's  orthorheonomc,  v.  Krics* 
sprint;  rhconotnc)  be  employed  as  the  stimulus,  the  intensity  of  the  current  must 
l>e  the  greater  in  order  to  obtain  the  same  irrSianl  cfi«*t  the  more  slowly  such 
linear  variation  taki^s  place. 

Thf  electrical  cunvnt  mutt  have  n  definite  strength  liefore  it  becnmes  active 
(t hrfishold- value) .  With  uniform  increase  in  the  strength  of  the  current  the  siie  of 
llie  muscular  contractions  first  increases  rapidly  and  then  more  slowly.  An 
electrical  current  rnuHi  ctmtintie  at  Icjist  fin- 0.0015  »ec"nd  in  order  to  Miimutaie  the 
ner^'c;  a  current  of  shorter  iluration  will  have  no  effect.  If  the  duration  of  the 
current  he  somewhat  longer  the  stimulation  on  oi>cning  is  wanting.  The  duraticiu 
of  cli.isiiTc  of  a  C(>nKtant  current  that  continues  for  a  time  just  short  enougli  to 
be  inactive  need  be  proloni£ed  only  from  i.,t  times  to  twice  as  long  in  order  to 
attain  the  most  complete  elft^-ts. 

The  electrical  current,  fiu-ther,  is  raost  effective  whMi  it  it  passed  through  the 
lone  axis  of  a  nerve.  It  is  iaellective  when  applied  at  right  angles  to  the  axis 
of  tne  nerve.  The  muscle  also  is  less  ri-sponsi\'e  to  electrical  currents  that  pass 
transversely  through  its  libers  than  to  such  as  pass  longitudirutlly.  The  greater. 
further,  the  lenKth  of  nerve  through  which  the  current  pautes  the  smaller  need 
the  electrical  stimulus  lie. 

When  the  constant  current  is  applied  to  a  motor  nerve  it  cxcns  its  most 
pronounced  stiinulalinif  effect  on  clotriuK  and  on  opening'.  The  stimulation, 
aowcvcr,  does  not  completely  cease  during  the  period  the  current  is  cloecd,  for  U 
the  current  be  of  moderate  strenKth  the  muscle  supplied  by  il  remaiiik  in  a  con- 
dition of  tetanus— gal  van  o  Ion  u£  or  cloiting  tetanus.  The  analo2ou«  reaction  of 
the  muscle  on  direct  applieatiin  of  the  constant  current  is  considered  on  p  1*3, 
When  strong  currents  arc  employed  this  tetanus,  it  is  trtie,  subsides,  but  it  does 
8ol>eeauiwaK&reinilt  of  the  action  of  the  current  in  the  nerve  through  diminution 
of  its  irritability  n-sistances  arr  developed  that  prevent  the  stimulation  fnm 
reaching  the  muscle,  .^cording  to  [lermann,  a  descending  current  excites  this 
tetanus  more  readily  if  the  riirrent  is  passed  ihrouich  t)ie  ner\'e  at  some  distance 
from  the  muscle;  while  nn  ascending  current  excites  the  tetanus  more  readily  when 
applied  in  the  neighborhood  of  the  muscle.  The  constant  current  manifests  its 
Btimulating  inHucuce  upon  scnsury  nerves  in  monX  marked  degree  ut  the  moment 
of  closing  and  opcnint;.  During  the  period  of  closure  feeble  stimulation  it  per- 
ceptible, but  strong  currents  niay  under  such  circumstances  givc  rise  to  un- 
bearable sensations.  Closing,  opening,  and  tb«  passsse  of  the  current  nimulate 
all  centriitetal  libers,  and  ako  the  vasodilators  of  the  skin.  The  constant  current 
has  no  effect  upon  vajHK:i)n*tricv>r  and  secntory  fibers. 

The  foltowmg  observation  of  Wcdenskij  is  notcMXPTtby:  1/  the  sciatic  nerve  of 
a  frog  be  irritated  by  means  of  strong  and  frequent  ctUTcnts  the  tetanus  indtx^d 
loon  disappears  on  account  of  exhaustion  of  the  portion  of  ner\e  concerned,  but 
begins  again  if  the  stimulus  is  cither  weakened  or  made  less  frequent,  if  the 
muscle  is  relaxed  after  the  strung  irritatioa.  it  contracts  again  if  stimulated  directly 
bv  a  current  of  moderate  intensity  after  the  ncrve-stimulatioo  has  be^n  re- 
rnovcd.  The  fict  appears  noteworthy  that  if  two  tetanizing  stimuli  are  a|>- 
plied  to  the  nerT,-e  of  a  frog-preparation,  the  two  stimulations  majr counteract  each 
other.  If,  for  example,  sodium  cblorid  be  applied  to  the  portion  of  nerv*  near 
the  leg  until  the  muscles  arc  thrown  into  a  tetanic  contraction,  this  vrtU  cease 
if  at  the  same  time  a  portion  of  the  nerve  higher  up  is  irriutcd.  Both  stimulating 
cllect«  may.  however,  act  toother. 

The  phenomenon  of  deliciency  is  di-tcussed  on  p.  6*4. 

If  the  individual  short  current -shock  occurs  in  rapid  mcocssion  the  related 
muscle  is  thrown  into  a  state  of  tetanus. 
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The  motor  acrvc  powcstcs  a  greater  specific  initftbility  to  electrical  stimuli 
than  the  muKle-substance,  Tliis  can  be  recwgniicd  from  the  circumstance  thai 
canCfactton$  take  place  on  feebler  Ktimulat inn  it  the  ncrv'c  rnther  thnn  thccurnriEcd 
mtisclc  is  KtimtilstcMl. 

Mcntiun  should  yet  be  made  of  the  remarkable  fact  that  on  irritation  ol  a 
motor  nerve  the  siirauluting  elTect  (contraction)  is  under  certain  circnnistnnces 
r.he  i^reaLer  the  nearer  ihr  point  nf  suiniil.it inn  to  the  central  nerv-nn<i  symcni 
According  lo  v.  Flcischl,  however,  the  nerves  arc  tquallv  rcsjionsivc  to  chemical 
stimuli  at  all  pninta  in  their  course,  Fiw electrical  stimulf  they  are  mure  responsive 
in  tlicir  un>xiinal  pi^tions  only  when  ihe  Ktinnihuing  ctirrcnt  is  of  the  dcsccndini; 
type.  The  reverse  is  eaid  to  be  the  cose  when  the  current  i^  cf  the  ascending 
ty|je  Rutherford  and  Hallnt^n  found  that  the  reflex  contractions  induced  by  the 
irritation  ot  a  sensory-  nerve  are  the  Rrcater  the  more  [iroximally  the  imtation  is 

ftpplipd 

Nervc-fibtrs  of  like  function  in  the  same  trunk  do  not  always  hove  the  same 
degree  of  irritability.  Thus,  for  example,  feeble  stimulation  of  the  nciatic  nerve 
of  th»  frog  causes  contractions  only  oi  the  Hexcrs.  while  stronjjer  Btiniulatioii  Is 
required  lo  induce  contraction  also  of  the  extensors.  The  ctlwta  of  stimulation 
with  lonffur  with  short  intervals  arc  aiialogoiis.  According  to  Kitter,  the  nerves 
for  the  ncxopi  also  degenerate  timt.  In  u  similar  manner  feeble  stimulation  of 
the  hjTp^glossal  nerve  causes  retraction  of  the  tongue,  while  strong  slimulaiion 
causes  prolruuon.  In  the  facial  nerve  the  libers  fur  the  eyelids  arc  mure  iirilable 
than  those  for  the  mouth  or  the  car. 

jUbo  tm  direct  irritation  of  the  muwlcs  (of  eurariwd  aniniak)  the  Hexors 
cnntracl  in  response  to  a  weaker  current  thsn  the  i'^lensors.  but  al  I  he  same  time 
the  former  an-  more  readilv  exhausted.  Poisons  generally  injure  the  flexors 
earlier  than  the  extensors.  Treatment  of  a  frog -preparation  with  elher  catttes 
flexion  to  txcur  on  strong  stimulation  of  the  sciatic  nerv*.  Increase  of  the  stimu- 
Itiiion.  however,  finally  causeii  extension.  Likewise,  iitrong  Ktimulaiion  of  the 
recurrent,  laryngeal  nerve  durinc  deep  eihcr-nnrcosia  causes  dilatation.  durinK 
sliKht  iDto.\icati6n  constriction,  of  the  glottis.  Dilalatiod  of  the  elottis  has  been 
induced  by  feeble  ntimulatiun,  The  adductor  muscle  of  the  crab's  claw- relaxes 
on  feebk  stimulation,  while  it  undergoes  contraction  on  etroasEtimulaticn. 

Stimuli  may  be  applied  also  by  mean*  of  a  single  electrode  of  the  induction- 
apparatus — umpolar  inJuctd  fjjett.  The  cause  resides  iit  a  movement  of  the 
rlrctrical  fluid  to  and  from  tho  fne  extremities  of  the  open  induced  circuit  at  the 
mom<<nt  of  induction. 

Upon  mttsilei  the  action  of  elecirionl  irritnnts  \i  entfrely  similar  lo  that  upon 
nervee,  The  following,  htiwever.  is  noteworthv'r  oirreiils  of  short  duration  have 
no  cffccl  upon  muscles  whose  nerves  are  paralyzed  by  curare,  a*  well  as  upon 
en  isdea  cn/ccblod  by  intense  exhaustion,  degeneration,  or  ijatholnj-ical  paralytic 
conditions, 

.\  remarkable  reaction  designated  galvanotropistn  is  exhibited  by  entire  animals 
wheu  a  current  is  passed  through  them.  Feeble  currents  cause  the  animal  to 
be  thrown  into  a  position  with  its  long  axis  corresponding  to  the  direction  of  the 
current,  wliilc  strong  currents  have  the  opposite  cfi*ct. 


DIMINISHED  IRRITABILITY;  DEATH  OF  THE  TTERVE. 
fffiHVE-DEGENERATION  AND  NERVE-REGENERATIOR. 

The  persistence  of  normal  irritability  in  a  nerve  within  the  intact 


h 

^^H  body  depends  tirst  tipoti  normal  nutritive  proce.sses  and  the  blood-supply 

^^1  of  the  nerve,     In  this  relation  it  should  be  espcciaJly  mentioned  tliat 

^^H  insttfficient  nutrition  is  generally  followed  at  iirst  by  an  increase  in  the 

^^P  irritabihty.     Only    after   advanced    disturbance    does    the    irritability 

H  diminisli. 


The  phj-aician  should  constantly  l>ear  in  mind  that  whenever  he  encounters 
evidences  of  increased  irritabihty  of  nerves  imder  the  infloenco  of  defective  or 
di»turtx-'1  nutrition,  as  may  be  manifested  in  various  ways,  such  as  general  ner- 
vousness and  irritable  weakness,  etc..  the  condition  is  the  beginning  stage  of  a 
diminution  oT  nerve -energ>'.     L'adcr  such  dnDumsiances  the  nutrition  should  be 
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improved  by  (csumiive  remedies.  Only  the  ignorant,  misled  by  ihe  kikos  of 
increase)  irriubility  ot  the  ncrvotu  system,  would  rmploy  dcpn;»ing  mcaturrs. 
In  case  of  tot*l  obstrucCton  of  tbe  blood-mpply  to  the  nerve-trunk,  ita  tmtikbiUty 
may  persist  for  friMn  fi\'e  to  ten  boun 

If  the  terminiil  nerve-appaiatus  is  exposed  to  a  temporary  dismrbme*  of  its 
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nonnal  nutritiun,  il  responds  to  tbe  restoration  of  nonnal  nutiitive  processes  by 
the  development  of  a  more  or  less  int«.>nse  irritative  process,     Th«  effective  diiij 
lurbancc  of  nuirition  m-cd  exist  a  shorter  time  the  moru  sensilive  the  ncrvot 
end -Apparatus  in  quciitiun  it  to  the  nutritive  distuibwwe,  such  as  catting  oS 
the  arterial  blood -supply  or  interference  with  resptnition. 

LoDg-continued  excessive  irritation  of  a  ncr\'o  without  suitable  in- 
tervals of  rest  for  purposes  of  recuperation  soon  causeii  f»tigue  of  the  ner\'« 


NERVB-DBGBKERATIOX   AND  KBKVB-RBCENERATIOK. 


6JS 


and  later  on  diminution  of  irritability  through  exhaustion.  Neverthe- 
less the  nerve  exhibits  extraordinary  resistance  to  various  stimuli.  It 
may  not  be  exhausted  even  after  irritation  continued  for  hours. 

Th<  cn(«lil(;mcnt  and  finally  th«  ccwatipn  of  musciiUr  contraction  i>ft«r 
long-con  tinned  rtimulatifn  of  thf  motor  ncrvi:  conncct*'<I  with  Mw  muscle  arc-  due 
toextuustion  of  the  muscle  and  nut  of  the  ncr^'e  If  while  a  norvo  is  heing  atimu- 
lated  the  muscle  ia  prevented  from  contracting,  by  rendering  the  nei^'e  incapable 
of  conducting  at  a  point  dist;il  lo  the  site  of  Bliraulsition  (by  iineli-'ctmtiiinis  or 
curarr).  it  will  be  foiuid  that  e\m  after  twelve  hours  of  constant  irritation  of  the 
ner%'e,  the  muscle  can  again  be  made  to  contract  if  this  obstructiuoi  (blocking  of 
the  nerve)  lie  removeii,  Also  the  oluervatiim  that  the  ncKWivc  varintion  in  the 
nerve-current  in  an  irritated  ncr\'c  continMcs  tar  a  long  time  is  interpreted  in  the 
same  way. 

The  recovery  of  nerves  takes  place  at  first  slowly,  then  somewhat 
more  quickly,  and  finally  again  more  slowly.  Should  recovery  not  take 
place  in  the  first  half-hour  in  the  frog,  after  long,  intense  irritation,  the 
nerve  does  not  recover  at  all. 

Long'Continued  inactivity  diminishes  tbc  irritability  to  the  point 
of  complete  abolition. 

The  cfaoracterisiic  example  o(  this  is  furnished  by  the  deftcncretion  of  nerves 
after  amputation  of  an  vxtromity.  Not  only  the  sensory  norvca  to  the  cutaneous 
area,  clc,  removed,  but  nl*o  the  nv>to«-  nerves  lo  the  niusck-s  removed.  underRO 
Atrophy,  and  nUo  their  continuiitums  in  the  cpmnt  cord  cxhil>it  alrophtc  chanfies 
The  degeneratiiin  of  the  optie  nerve  after  exiiqiation  of  the  eye  and  oi  the  auditor)' 
nerve  after  thai  of  the  internal  ear  is  considered  on  pp.  679  arid  *99. 

Excised  nerves  preserve  (or  a  time,  as  does  muscle,  their  func- 
tional activity.  At  first  the  end-apparatus  of  the  nerve  degenerates; 
then,  in  the  case  of  motor  nerves,  tbe  muscle;  and  finally  the  nerve 
itself. 

Nerve-fibers  are  capable  of  maintaining  their  normal  nutrition  only 
when  they  arc  in  uninterrupted  connection  with  their  trophic  center, 
which  controls  the  nutritive  processes.  If.  however,  the  nerve  within 
the  otherwise  normal  body  is  separated  from  its  nutritional  renter,  as 
by  section  or  crushing,  it  loses  its  irritability  in  a  short  time  and  the  per- 
ipheral end  undergues  f.^tty  degeneration,  which  begins  in  warm-bloocled 
animals  in  the  course  of  from  tour  to  six  days,  in  cold-blooded  animals 
after  a  longer  interval. 

The  irritability  of  the  nerve  under  these  conditions — the  so-called  reaction  of 
degienenitiun — is  oiscussed  on  p.  673.  The  degeneration  after  section  of  the  roots 
of  the  sf'inul  nerven  is  described  on  p.  7 1 0. 

In  the  otherwise  intact  body  both  extremities  at  the  point  of  division 
undergo  traumatic  degeneration  in  from  one  10  two  days  in  frogs,  as 
a  result  of  which  the  white  substance  of  Schwann  and  the  axis-cylinder 
can  no  longer  be  distinctly  differentiated.  This  degeneration  extends, 
however,  only  to  the  next  node  of  Ranvier,  Later,  so-called  ialty 
dcgtneration  lakes  place  simultaneously  in  the  entire  peripheral  portion. 

Fasiy  degftKTiition  of  nerves  begins  by  a  breaking  up  of  the  myelin  (Fig 
33i,  A),  which  later  becomes  transformed  into  dnip-like  maases  (Si).  '  The  axis- 
cylinder  altm  KuriU  up  and  dixinteKraLcf  (wventh  ilay>  (O-  ITic  nuclei  in  the 
sheath  of  Schwann  become  swollen  and  proliferate  by  mitosis  (up  to  the  tenth 
day)  [D).  According  to  Ranvier.  it  is  thi»  nuclear  pu^lifcration  and  that  of  the 
prutoplusm  or  ncuropliism  Hninj;  the  sheath  of  Schwann  that  first  cause  dismtc- 
gratioa  of  the  myelin  and  the  axis-cylinder  and  that  subcequcotly  increase  to  such 
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a  degree  as  to  convert  the  entire  peripheral  portion  of  the  nen-e  into  a.  eotuiective- 
tissue  strand,  the  (ragnieniK  fomic't  at  t  he  ^me  time  uiitl«rKi>itit!  absorpuan.     In 
the  motor  «Tid-pIat««  doRrnfration  iikcwiec  takes  pUciv  at  iirsl  in  the  noa*inedu]> , 
latcd  fibers,  then  in  the  tciminal  filaments  and  laaiiy  in  the  ncrvc-lrtink. 

If  regeneration  takes  place,  the  extremities  of  the  divided  nerve  must 
have  tinited,  and  (or  this  purpose  in  the  human  being  nerve-suture  has 
been  employed. 

In  the  midilk  of  the  founh  wci-li  small,  brisht  )xind»,  devcloju'd  from  the 

Erolifrratrd  pTotoplasm. appear  within  the  sheath  of  Schwann,  and  these  pcnctiaie 
etwecn  the  iiudc-i  and  thi*  remains  of  Ihe  iiiyclin  (t>  They  are  the  new  ax:*- 
o'lindcTS.  which  thus  dev«|np  in  an  endogenous  manner  within  the  old  sheath  of 
Schtrann.  Soon  th«v  hrcomc  thi-ckcr.  and  rt^ccive  myelin,  with  Lantennann's 
clefts,  Ranvi^r's  nodes  and  sheaths  of  Schwann  (from  the  ad  to  tlw  3d  raoath) 
(F).  According  to  Ziegler  the  oeiv  nx.is-cy tinder,  which  develops  indcpendentiy. J 
becomrx  mily  later  cminected  with  the  central  stump.  The  furmatton  of  the 
myelin  takes  place  continuously.  A  portion  of  the  nuclei  disappears  the  outer, 
wftli  ihcir  prutcsTjliuimic  portion,  give  rise  to  the  sheutlis  of  Scliwium.  Exactly  the 
»ainc  prijccss  taxv^  place  in  nerves  lifted  in  continnity.  It  is  a  remarknblf  fact 
that  KV-cral  new  libera  may  develop  within  an  old  fiber.  From  the  central  es- 
tremilvof  the  divided  nerve- hi >cr  the  nxin-eylindcr  after  the  fourteenth  day  grows 
towarJ  that  of  the  newly  formed  tilxr  and  unite*  with  it.  The  central  extremity 
of  a  divided  ranirtr  nerve  mav  unite  with  the  peripheral  extremity  of  another 
nerve  and  still  functionate.  Langley  united  the  eentral  exiremitv  of  the  vagus 
with  the  peripheral  extremity  of  the  syinoiithftie,  and  found  after  union  t<xik 
plaee  that  the  vagns  had  acquired  control  *il  all  stnictures  supplied  by  the  ciT\-iealj 
sympathetic.  According  to  Gessler  restoration  of  the  end-plate  occurs  first  in 
the  proceiw  "f  regeneration  In  tlif  case  uf  non>inedullatea  tilxrrs  the  contents 
only  and  not  the  sheaths  dcei-nerate  from  the  third  day  on,  After  two  days, 
perceptible  regeneration  bceins. 

The  roKeneration  of  nerves  is  under  the  influence  of  the  ner\'e-ccnteris 
acting  as  nutritive  centers  If  nerves  be  completely  and  f>ermanently 
separated  from  these  centers  regeneration  will  not  take  i>Iac€. 

In  the  regeneration  of  mixed  nerves  sensation  returns  first,  then  vol- 
untart'  muscular  movement,  and  hnially  movement  on  irritation  of  the 
motor  branches. 

As  the  fatly  degeneration  involves  the  peripheral  extxemity  of  the  nerve  the 
olwcrvntiou  of  this  pnieesK  in  a  divided  ni>rve  alTords  a  means  of  determinii 
the  central  origin  of  tibcre  in  a  complex  arranKement  of  nm'es.  The  di\isioD  < 
motor  nerves  results  also  in  fatty  degeneration  of  the  relaud  muscles  itt  case 
n-stitntion  does  not  take  place. 

After  division  of  the  axis-cylinder  the  nerve-cell  from  which  it  origi- 
nates undergoes  alteration,  the  N'issI  bodies  swelling  and  disintegrating, 
though  later  being  restored.  In  the  process  of  degeneration  the  cell  in- 
creases in  volume  and  the  nucleus  assumes  a  peripheral  position.  Thii 
period  covers  from  one  and  three-fourths  to  twenty  days.  Restitutioal 
occupies  about  ninety-two  days.  These  changes  are  indications  not  of 
paralysis  of  the  cells,  but  only  of  a  certain  impairment  of  their  ftinc- 
lion.     If  the  degeneration  is  permanent  the  cell  disintegrates. 

Under  the  inHuence  of  various  procedure.i.  such  as  crushing  of  the 
ncr\'c-fiber,  the  remarkable  observation  has  been  made  that  voluntary 
impulses  or  irritating  influences  originating  above  the  site  of  rompressioa 
are  conducted  through  the  nerve  to  the  muscle  and  give  rise  to  coa-' 
traction,  while  the  irritability  to  stimuli  below  the  site  of  compression 
is  greatly  diminished.  Nevertheless  Erb  did  not  obser\'e  this  dilTerence 
with  respect  to  mechanical  stimulation.     In  an  analogous  way  it  wiU 
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be  found  that  the  nerves  of  animals  poisoned  with  carbon  dioxid,  alcohol, 
cocain.  curare,  or  coniin,  occasionally  also  the  nerves  in  paralywd  jjarts 
of  the  body  in  man.  are  no  longer  responsive  to  loral  stimuli,  although 
thfv  still  conduct  impulses  from  the  central  areas.  The  injured  seg- 
ment of  nerve  thus  loses  its  irritability  earlier  than  its  conductivity. 
The  analogous  phenomenon  in  musclc-libcrs  is  discussed  on  p.  114. 

After  the  administration  of  certain  poisons  to  living  animals,  especi- 
ally veratrin,  the  irritability  of  the  nerves  is  at  first  increased,  then 
diininislied  to  the  point  o(  complete  abolition,  as  indicated  by  the  extent 
of  the  contractions  in  the  muscle  supplied  by  the  affected  motor  nen'e. 
In  the  case  of  other  poisons  the  abolition  of  irritability  talccaplace  rapidly, 
■LS.  for  example,  that  induced  by  curare.  Coniin,  cynoglossum,  methyl- 
strychnin  iodid.and  ethyl-strj-chnin  iodid. 

If  A  froK-prcparstion  con^intinK  »f  nerw  and  muttclc  he  placed  in  u  uoisonout 
sotuiion  results  arc  occauonally  manilcsied  whivli  art  difffrtml  from  thoce  pro- 
duced if  tlic  pctieon  is  ftdminiftcrccl  intcmally  to  the  living  smmal.  Airc^in. 
for  example,  givea  rise  lo  a  reduclioa  in  the  irritability  of  the  preparation,  with- 
out iirtTciliii};  increase.  A1ei>hol,  ether,  and  chkoroform,  lirat  mcrease  and  tben 
diminish  the  irritability. 

If  the  nerve  is  separated  merhanically  from  its  connection  with  its 
centers,  as  by  section,  or  if  the  center  has  undergone  degeneration,  the 
nerve  is  first  thrown  into  a  state  of  increased  irritability  beginning  in  its 
central  extremity  and  extending  toward  the  periphery:  then  the  irrita- 
bility diminishes  to  the  point  of  complete  abolition.  This  process  takes 
place  more  rapidly  within  the  portions  of  the  nen-c  nearer  the  center 
than  in  the  more  distal  portions.  This  phenomenon  is  known  as  the 
Kitter-Valli  law. 

The  rapidity  of  conduction  of  stimuli  in  nfrves  ja  increased  in  the  stage  of 
increased  irritability  .and  diminished  in  that  of  lowered  irrilabiliiy.  In  the  Iflllcr 
Stage  the  current,  on  electrical  stimulaiiim.  must  Iw  continued  (or  a  lon^r  time 
in  order  to  be  eflfective.  therefore  the  rapidly  iuccessive  shocica  of  the  induced 
current  arc  ;; en r rally  inrffcclivt:.  .'\1ko  the  law  of  niu»ru]ar  contraction  a  modified 
in  the  various  Eta^cs  of  the  alteration  in  irritability  durinn  the  process  of  de- 
generation. 

Finally,  attention  should  be  called  to  the  fact  that  some  nerves 
possess  a  greater  irritability  at  certain  points,  and  chat  they  retain  this 
slightly  longer  at  such  points. 

Thus,  (or  example,  the  sciatic  nervc  of  the  fnis  u>  iia  upper  third  ia  more 
irritable  to  vanouti  tiimuli.  in  both  iLi  sensory  and  its  motor  libcn,  than  at  a  more 
distal  portion  Such  invv^unlilie-s  in  the  irntahility  arc  due  alone  to  accidental 
injuries  inllictcd  in  the  course  of  preparalion.  A  branch  is  given  off  from  th« 
upper  third  of  the  sciatic.  According  to  Beck,  in  an  uninjured  n«r\-e  the  more 
central  portiotu  reiiuirx-  stronger  stimuli  than  the  mcrw  pcriphcrral  to  induce  the 
first  minimal  effect. 

After  section  or  crushing  of  a  nerve  all  of  the  electrical  currents  employed 
for  the  stimiilalton  of  the  nerve  that  pass  in  the  nerve  from  the  site  of  the  lesion 
cKOrt  a  much  nic^c  active  influence  than  iho^  in  an  opposite  direction.  The  cause 
(or  Urn  reside.i  in  the  fact  that  the  current  de.veloping  m  the  nerve  after  the  injury 
is  added  to  the  electrical  stimulactng  current.  Also  in  on  uninjured  nerve,  for 
example  the  sci^itic  of  the  frog,  there  are  points  at  the  central  or  periphcnd  ter- 
mination of  the  nerve,  or  where  large  branches  arc  giv«i  off,  that  rv.icl  in  a  manner 
jiimilar  to  the  sites  of  Icxion  ori^viously  mentioned. 

The  dead  nerve  has  lost  its  irritability  completely.  I>eath  advances 
in  accordance  with  the  Ritter-Valli  law  from  the  central  organs  of  the 
nert'oufi  system  gradually  to  the  peripheral  paths.     An  add  reaction. 
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which  U  present  in  dead  muscles,  can  be  demonstrated,  though  not  con- 
stantly, in  dead  nerves. 

The  functions  of  the  brain  coasc  iTnm«'<iiaisl\'  afte^r  the  onstt  o(  deaih,  as 
indicated  bv  Xota  ci  con«oi<Mi«fic«  and  cctnation  of  perceptive  octivitv;  so  thut 
roporis  of  (iraifi-awtivity  after  lii-capitalton  aiv  to  b*-  rcU-gatcd  to  thr  realnu  of 
fabk.  The  vital  functions  o[  the  spinal  cord,  howevei.  persitt  for  a  somewhat 
longer  time,  particularly  thoM-  ni  thi;  uhile  nuliKtance  Di-ath  occure  nrxt  in  the 
larjEC  ner^T- trunks;  then  in  ihc  iirnxs  for  the  extensors  and  in  thow  for  the  flexors 
tin  three  or  fourhoursl  The  symnalheitc  fibers  retain  their  irritability  loiitfcitt  (up 
to  ten  hours  in  the  intestine).  The  trritahility  of  the  nerves  of  {rogt  can  be  pre- 
served iat  tvyciB.]  days  in  the  dead  body  ii  kept  in  the  cold. 

The  irritaViility  of  iTii-  pcriph<^ral  slumps  of  divided  ntTvea  is  lost  in  pigeonb 
and  rodents  in  from  two  to  three  days;  in  hoofed  animals  in  from  eight  to  ten 
days:  in  other  warm-bloodnd  antmalx  in  four  dnys-  In  mixed  nerve*  death  of 
the  tibere  takes  ptac?  at  diflfcrcnt  intervals;  for  Vita mnle  in  the  vagus,  of  ihc 
inhibitory  libers  hrst.  later  of  the  accelerator  fibers  for  tnc  heart  The  stump*  of 
the  cerebral  nerves  retain  their  irritability  for  a  longer  lime  than  do  thosr  of 
the  tpinal  nerves. 
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TOiinncr,  ine  upparaiuB  arm  ini-tnoos  oei.  i«'u  inr  eiiiirt'-ptiy  _  .  _ 

therapeutic  purpose*  hcins  described  in  their  proper  plae«      The  student  sbou]d 
familiarize  himself  thomugnly  with  this  preliminary  knowledge  of  ph^'sies. 


PRELIMINARY  PHYSICAL  CONSIDERATIONS. 

CURRENT. 


THE  GALVANIC 


ELECTROMOTORS.     CONDUCTIOIT-RESISTARCE.     OHM'S   LAW.     COITDDC- 
TIOR  THROUGH  ANIMAL  TISSUES.     THE  RHEOCORD. 

H  two  of  the  bodies  named  later  on  are  brouRht  into  direct  contact  with 
^tteh  other,  punitive  electticitv  will  !«■  iippnrciaUlc  in  the  one  and  nejjntive  clertrieity 
■ad  the  other  The  cause  of  this  phcnominon  is  the  elect n«nolive  force,  which 
'CSlue*  positive  electricity  to  pa»Ji  into  ihe  one  body  and  negative  eieciricity  into 
tlw  Mher.  Ill  accordance  with  the  n-lrtlionR  of  the  liudies  to  l>e  dixcuvwd  later 
on  th»e  arc  divided  into  i:<iitdncU'r  f  and  lumft'tuiactun,  and  the  conductors  again 
into  those  of  the  firet  and  those  of  the  second  class, 

CinidtKU'n  ^'j  ihr  (i'it  cla)>.  chielly  the  metals,  can  be  arranged  in  such  * 
scries  (tens  ion -scries)  that,  on  contact  of  the  ^rst  mentioned  with  one  of  ibc 
succeeding  memliens  of  the  ueries,  the  first  body  becomes  electrically  negative  and 
the  last  positive-  This  tension -series  Jai  Manganese,  carbon,  platinum.  ^Id,  silver, 
eojjper,  iron,  tin,  lend,  line  The  intensity  of  the  electrical  excitation  resulting 
from  the  contact  ol  iwn  of  these  bodies  is  the  greater  the  farther  Ihe  Ixxlies  a« 
separated  from  each  other  in  this  tension -series.  Tlie  contact  of  the  bodicB  may 
taice  pl.tce  inditTercnily  at  one  or  at  several  pinnts  If  several  of  the  bodies  in 
the  tcnsioTi-srries  are  pfacril  one  upon  the  other,  the  electrical  tensiiin  thus  induced 
Is  the  same  as  if  Ihc  two  terminal  bodies  alone  were  brought  in  contact,  with  orai*- 
■inn  of  the  intervening  bodies. 

If,  on  the  other  hand,  conductors  of  the  first  and  the  second  c)a»  arc  Woufthi 
in  contact,  the  result  is  different  Zinc  in  contact  with  water  is  strongly  negative. 
lb*  fluid  positive.  Zinc  in  contact  with  diluted  acids  is  likewise  rigati\'*,  while 
other  metals,  such  as  copper  and  platinum,  arc  k-ss  actively  negative  or  wen 
(HMitive. 

Experience  has  shown  that  those  metals  in  comaci  with  a  fluid  become  in 
strongest  degree  electrically  negative  that  are  ehemicalty  most  stn>ngl>'  acted  ui>on 
by  the  fluid.  Everv  eomCiiiarlon.  h<iwever,  exhibits  a  conittant  diflcrencr  in  ten- 
sion or  potential.     The  density  of  the  amounta  of  electricity  set  free  from  bath 
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bwlies  is  dependent  t]['on  the  mxm  of  tiw  eurfsms  in  contact'  The  fluids,  (or 
example  the  solutions  o(  acids,  alkalies  or  salts,  are  designau^  t'.tiiurs  o;  e.icit.ciiy  .>/ 
llsi  mcotui  clan.  They  form  ttd  deliinte  tMiHiini-»:ries:imiinK  tlifmiirK'eti.  ImmerBtd 
in  most  oi  the  Huids  named,  the  itictnis  nrartr  the  positive  side  o(  the  lensioii- 
nuriiis.  particularly  cine,  prove  in  greatest  degree  electrically  ncKKthv.  while  those 
sittuitvc  nearer  the  negativt:  aitlt;  utv  so  in  Ivks  deEree. 

If  xyr9  different  substances  of  the  lirst  class  be  imtncracd  in  a  fluid,  with* 
out  coming  in  direct  contoct,  for  example  sine,  and  copper,  free  negativu  electricity 
will  appear  ai  the  projecting  extremrty  of  the  (posiitve)  line,  and  (nx-  pc«itive 
electricity  nt  tht  projecting  extremity  of  the  tncRative)  copper  finch  a  combina- 
tion of  two  eleetrnmotors  nf  the-  (irit  class  with  an  electrnmolor  p£  the  second 
class  li  designated  a  galvanic  circuit.  As  long  a«  the  two  metaU  remain  (eparated 
in  the  lltiid.  the  circuit  is  said  to  be  open:  ns  soon,  however,  as  the  projeelinji 
extremities  are  cotinected.  for  rxsmple  by  a  wire  arc.  the  circuit  is  Wi'Wif  and 
&  gaivanU  >;wrrfii  tesuiti.  Both  forms  of  electricity  flow  mutually  inui  and  neutral- 
ise each  other,  althuuKh  in  accordance  with  the  deKrei.-  in  which  the  tensions 
neutralize  each  other  new  electricity  is  constantly  generated  in  the  circuit.  f 

The  t(alvanic  current  encounters  resistances  in  its  couniD  that  are  desiKuated 
cotuiiiClu»i^-rgiiiUtHCi  (W)  This  is  (i)  directly  proportional  to  the  IcuRth  (1) 
of  the  circuit;  (i)  inversely  proportional  to  the  tranKvena"  section  of  th<v  cireuit 
(q).  the  len^h  being  the  same;  and  (3)  dependent  upon  the  moleculBT  pccuharitits 
of  the  materials  {sfiecijic  cotntucnon-resistaMCtf).  Therefore,  the  conduction  resist- 
ance W  -  (fi.  1)  -f  q, 

The  conduction-Tcsistancc  increases  in  the  case  of  metals  and  diminishes  in 
the  case  of  fluids  with  increase  in  temperature. 

The  .^tritngih  of  ihc  /^iih-anic  current  (S).  or  ihe  ijuantily  of  eleclricity  passing 
through  the  closL-d  circuit,  is  thus  proportional  to  the  electromotive  force  (E) ,  or 
the  electraeal  tension,  but  inversely  pruportionaJ  to  the  total  conduction-rcsist- 
aiKC  (L).     Therefore,  S  ••  £  -^  L  (Ohin'slaw). 

The  total  conduction-resistance  in  tJic  closed  circuit.  ho«-ever,  is  made  up 
(r)  o(  the  resistance  in  the  elocing  arc.  exteriial  resistance,  and  (»)  "f  tlie 
resistance  within  the  batt*ry  itself,  internal  resistance  The  specific  conduction- 
resistance  of  the  ihlTvrent  substances  is  thus  vanahle.  In  the  case  of  metals  it 
is  relatively  slight,  in  that  of  fluids,  however,  quite  marked  The  specific  con- 
duct ion -re  1.  is  tante  or  rather  the  specific  conductivity  is  at  present  generally  indi- 
cated with  riferencc  to  mercury  at  the  unit.  .Accordingly,  the  condiictivil y  of 
copper  is  jt.  that  of  iron  from  0  to  10.  that  of  German  silver  from  3  to  6.  In 
ihec^Lie  01  fluids  the  resistance  isexceedinKlysJijjht— for  concentrated  salt-solution 
C.90003,  for  concentrated  solution  of  cupper  sulphate  0.000004. 

C«nductioa  in  Animal  TiasucG.  — In  animal  ti»ues  the  conduction -resistance 
is  exceedingly  great,  geni-mlly  v~-nir  niilltons  of  times  as  much  sis  in  mctala,  A 
constant  current  paumfi  from  the  skin  through  the  animal  body  encounters 
progressiv«ly  dimimuhinK  n-«istnnee,  on  account  of  the  ^vnnie  conductivity  of 
the  uaier  in  the  cpidt>rmiB  and  the  increased  fulness  of  the  vessels  in  cnmseriurnce 
of  the  eutaneouji  irntatioii  Nevertheless,  dirterent  ponions  of  the  surface  of  the 
body  react  diilrrently.  the  lea«  resistance  hem};  ollen-d  by  the  p«lms  <if  the  hands 
and  the  soles  of  the  feci.  The  scat  of  the  resistance  is  the  epidermis,  after  removal 
of  which,  as  by  a  cantharidal  blister,  the  resistance  is  greatlv  reduced.  The 
resiBtancc  is  dimtmshed,  however,  by  increased  superficies  of  tlw  electrodes,  and  by 
increased  moisture,  heal,  and  intcn=?ily  of  their  saturation  It  i*  greate*!  in  the 
extremities,  least  in  the  face  Dead  tissue  is  usually  a  poorer  conductor  than 
Uvinj;  tissue.  If  the  current  i.*  passed  transversely  through  a  muscle,  it  encounters 
nine  times  an  much  renstaiHw  as  if  it  wire  paixsvil  longitudinally  through  the 
tibers  of  the  musele  In  the  longitudinal  directiim  the  rcsistanre  of  the  mutile 
istu'o  and  a  half  milliur  tJTiics  greater  than  that  of  mercury.  Tetanus  and  cadaveric 
rigidity  diminlith  the  resistaiice  in  the  muscles.  If  the  conduction- resistance  be 
icstcd  with  altemntma  currents  nrnch  Itiwer  Agunra  arc  obtnincd  than  if  the 
constant  current  be  employed,  because  the  occurrence  of  polarization,  especially 
internal  poluriialion.  can  1un:<-1y  be  omitted  from  consideration. 

The  resistance  of  the  body  varies  between  j&o  and  i.sso-*co  ohms.  It  is 
hi^  in  eases  ctf  hysteria  and  mclancliolia ,  and  low  in  eases  of  tetanus  and  ex- 
opBthatmie  goiter  Alt  and  Schmidt  make  the  following  statements  as  10  tlie 
degree  eif  conduct  ion -resistance  in  various  tissues:  N(--t\'c  o  17.  muscle  1.  blood  i. 
*km  1.35,  brain  1.57.  tendon  3.15.  fat  3  q3.  muscle-sheath  4.41.  l>one  i4>. 

Prom  Ohm's  law  two  laws  of  great  importance  in  deetro-physinlogy  may  be 


640 


ELECTRICAL    DNITS.      THE    KHBOCORO. 


deduced;  I.  If  there  is  great  resistance  in  the  ciicult  j»  tbe  aic  of  closure,  as  is 
the  ciuw  when  A  nerve  or  a  muscle  is  ■nterco.laicd  iit  a  closing  arc.  the  strcngtl 
of  ihe  citm-nt  may  bi-  increased  onl^  by  increasing  the  number  of  clcccnMnotiv4 
eleinent«,     11.  H  the  conduction -rcsistBiice  in  the  arc  of  closure,  in  cumpariBrntjl 
with  that  in  the  l)att«r>'<  >s  exceed ii) (fly  small,  •'in  tncri-n»<;  in  the  sUrn^cih  of  th^ 
current  cannot  be  brought  about  by  increasing  the  number  of  elements,  but  onlyi 
by  an  increase  in  the  surtace  of  the  plates  tn  the  clement. 

U  iaiinpoftani  toditfereotiai*  exactly  the  terms  WwirMMOtnv/o'W and  rttrrwtl- 
siftngth  Tht-  ek-ctrica!  eurreiit  may  be  compared  with  a  current  of  water  Tb«^ 
cause  of  the  current  tn  the  w.'iler  is' the  hydraulic  prcssuro,  thai  of  the  electricall 
current  ihe  electn^moiivr  foree.  The  current -strength  ia  the  amount  o(  water,  or 
the  amount  of  electricity,  that  |>as«e;i  in  one  teeund  through  the  transverse  section 
of  the  conductor  The  pump  that  drives  the  water  to  the  top  of  a  high  vessel. 
and  thus  generates  the  hydraulic  pnssuic.  corrLsponds  to  the  electrical  element. 
In  the  current  of  water  a  mass  ta  set  in  motion,  in  tlic  etcetriea)  cumxit  a  fm^e. 

Since  iSSi  the  electrical  values,  especially  currcnt-streni^h,  electromotive 
force  and  rcsigtance.  havc  been  indicated  with  reference  to  unitt  that  have  a  simple 
relation  to  the  so-called  absulute  imtts.  Those  units  are  designated  absolute  that 
refer  to  the  unit  of  length  (era),  the  unit  of  time  (sec  )  and  unit  of  weight  (^  ), 
The  anil  u/  rttuuttu  is  the  okm  (—  lo'  abkulute  units)  It  is  equal  to  tfae  re^ 
cistance  of  a  column  of  mercur>-  at  a  temperature  of  o^  C.  having  a  traoaverat_^ 
section  of  i  square  meter  and  a  length  of  i  .ojO  meterti.  The  ohm  is.  therefore. 
only  a  little  larger  than  the  euriier  unit  of  Siemens  (i  m.  long  and  i  square  meter 
in  transverse  section). 

The  untl  oj  iViv/r^HU'riLv  jcrca  is  the  wtf/l  (—  lo"  absolute  units),  A  Daniell's 
cell  has  an  clccirumotivi-  (urcc  of  i.i  wits. 

The  uwir  i^if  Cufrenl-ilrfiitelh  is  the  ampfre,  that  is  the  current  that  generates 
an  electromotor  force  of  i  volt  in  a  circuit  having  a  resistance  of  i  ohiti  (therefoie 
0.1  absolute  unit).  An  ampiSiv  generates  o  174  cu.  cm.  of  exploding  ga*  in  one 
second  at  a  temperature  of  a'  and  an  atmnsphcric  pressure  of  ;h6  mm 

.^n  electrical  current  in   passing  through  a  wire  generates  heat,  the  amount, 
of  which  is  i)roporlional  10  the  prodnet  ttl  the  resistance  muilipiied  by  the  Hpiarwl 
of  the  current-strength,  or,  according  to  the  law  of  Ohm.  of  tnc  current -strenoiJi , 
multiplied  by  ihc  elect ronioiivc  force.     The  i>ro«liici  nf  this  from  volt  and  amjiore 
is  equal  to  10*  w<^k-units  and  is  dctignnted  a  wnll. 

According  to  the  technical  dceignation.  i  waci  equals  oooij6  horsc-pover 
(i  horse  -  power  c(|ual.i  75  ktlusrammeters). 

As,  in  absolute  measure,  the  mechanical  heat -equivalent  of  the  gram -calory. ' 
equals  4a, 000. now  work-units,  }J  or  0,14  gram-calor>'  i»  generntcd  in  a  circxuW 
with  an  electromotive  force  of  ■  volt  and  a  current-Strength  of  i  ampi&re  in  a  tecond.1 

The  dtnsily  of  th«  cumm  muut  further  be  especially  diKtitiguished  from  th« 
current- strength  As  tbe  same  amount  of  elecinoity  niust  always  [>aE9  through 
any  ^ven  transverse  section  of  the  circuit,  the  electricity  muat  obviously  be 
denser  at  the  constricted  portions  and  less  dense  at  the  witler  portions  if  the 
transverse  section  varies  in  sixe.  If  S  indicate  the  current-stimgth  and  c|  the 
transverse  section  of  ilie  part  in  question,  the  density  (tl)  at  this  point  wu]  be 
d  -  S  -i-  q. 

If  the  arc  of  closure  of  the  galvanic  circuit  be  divided  at  the  one  piJe  into 
twoor«veral  circuits,  which  are  reunited  at  the  other  pole,  the  total  of  the  current- 
strengths  is  equal  to  the  strength  ot  the  undi^^ded  currenl.     If.  fvirthor.  tbe  dif- 
ferent circuits  vary  with  respect  tn  length.  Iransverse  section,  and  matcnsl.  tins 
current-strengths   passing  through  the  wires   are  inversely  propoctiuna]  to  tlie^ 
condtirtion  -resist  imces. 

According  to  this  principle,  that  of  ihe  derived  circuit,  the  rhtocordot  du  I$oi»— 
Reyraond  is  conmrucied.     With  the  aid  of  this  instrument  itis  possible  to  pam^ 
from  a  galvanic  current  a  denveil  current  of  any  determined  strength  for  tta^ 
stimulation  of  H  nerve  or  a  muscle 

From  each  of  the  pole*  (Fig  114-  a  b)  of  a  galvanic  balterj'  are  give*  oO  t^^r«2 
wires,  of  which  the  one  pair  [,ii.-  and  bdl  pass  to  the  m-rve  ■>f  the  frog-prepaniti^^,. 
(F),  The  intcrcnlalcd  segment  of  ner^■e  (cdl  offen  a  high  degree  of  i«Mtft»i^.^ 
to  this  branch  of  the  Current  (acdb).  The  second  branch  rrf  the  c«rrmtcorduot,^^ 
frmm  a  and  b  (a  A,  b  B)  passe*  through  a  thick  brass  plate  (A  B).  which  is  nri»,c»,^ 
up  of  seven  pieces  h-ing  side  hv  side  (i-jl  and  united  through  the  br*^^ 
plugs  (fronn  S,  lo  S,t'  placed  in  the  inwrvals,  except  between  I  and  3,  so  ^^ 
to  form  an   uninterrupted  circuit.     It  will  at  once  be  clear  that  by  we^na   —^^^^ 
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.,Ri!Rmng«in«nt,  as  civpicted  in  Fig.  114.  only  a  minimal  current  pa»cs  through 
the  Kcjjmtrnt  of  nerve  (c  d).  which  offers  Kivac  resistance,  while  by  f»r  the  greater 
portion  ol  the  galvanic  current  iissses  through 
th«  well-conduciing  brass  plate  (A  -  B),  if  in- 
creased resistance  Ijc  iiuroduced  into  this  latter 
circuit,  tlic  branch  current  at-  d  b  must  naturally 
he  increased  corTcspoiiilingly,  These  resistance* 
can  be  inc^rpotwd  by  means  oE  the  jiurtions  of 
fine  wire  indicated  by  the  letters  la.  lb.  I  c,  II, 
V,  X.  If  it  bo  supiiowtl  that  all  of  the  bras* 
plugs  (from  S,  to  Sj  are  withdrawn,  the  branch 
current  cnterinK  at  A  must  pass  through  ibc  en- 
tire svsiem  of  line  win.-,  In  thia  way  a  high  de- 
cree of  rcMrtancc  is  interposed  and  the  branch 
current  in  the  nerve  must  be  increased  corre- 
spondingly. If  but  one  pluK  is  withdrawn,  the 
current  passes  only  through  the  respective  length 
of  wire.  Tht  rtaistancea  oRtwH  by  the  varifluB 
lengths  of  wire  (from  la  lo  X)  aro  so  related 
that  la,  Ih.atid  Ic  each n.-pn-wnts a  unit  of  con- 
duction-resistance. 11  twice  as  much,  V  five  Times 
as  much,  and  X  t«n  times  as  much,  resistance. 
liie  distance  lii  may  Itnally  U;  lessened  bv  the 
bridge  CL).  which  can  be  moved  ujiwanl.  the 
scale  (x  yl  indicating  the  lcng:th  of  the  resistance- 
distance.  It  will  be  readily  perceived  that  in 
accordance  with  the  manner  of  applying  the 
plun  and  the  bridge,  the  npparaHw  permils  of  a 
voned  gradation  m  the  brancK  current  to  be 
MBC  through  the  nerve.  If  the  bridge  L  is 
pushed  up  clon  to  t.  7.  the  current  passes 
dirvctly  from  A  to  B,  and  cot  through  the 
length  of  ihiti  wirr  I  a. 

Other  forms  of  apparatus  intended  for  intro- 
di«tion  inlij  the-  closing  arc  of  a  circuit,  in  order 
to  increase  the  conduction -resistance  at  will,  arc 
designated  rkfoitals. 
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Fic.  334.— OlMVammatlc  KipmniiUion 
of  iht    Khnxotd   uf  du    Bou-Rty* 


THE   ACTIOn  OP  THE  GALVANIC   CURRENT   UPON   THE   MAGNETIC 

NEEDLE.     THE  MULTIPLICATOR. 

If  a  galvanic  current  be  passed  (for  example  through  a.  wirt)  parallel  to  a 

magnetic  needle,  the  latter  will  be  deflected  from  its  position   pointing  to  the 

north.     If  it  be  conceived  that  one  is  swimming  in  the  positive  current,  the  bead 

in  front  and  the  abdominal  surface  directed  toward  the  needle,  the  north  p<^e 

of  the  magnetic  needle  will  always  be  del)ect<^d  toward  the  left  (Am|ii>Te'8  rule). 

The    deflecting  force  exerted  by  the  galvanic  cunvnt   upon  the  needle  always 

OpL-ratc-.-i  at    nglit  angles  to  the  so-called  tl-.ctr.inaeiuiic  plant,  that  is  the  plane 

f>a»siii^'  through  the  nurlh  pnle  of  the  needle  and  two  points  in  the  conducting 

^VIrc    (pnsaing  in  a  straight  direction  parallel  10  ihc  needleV     If.  for  example, 

the  eonduciing  wiiv  pa&.ics  just  above  and  parallel  with  the  mugniiic  needle. 

whose  plane  ofoscillation  is  formed  by  the  honcontal  surface,  the  electromagnetic 

'^  ?"*'*^"  ^^  Vertical  to  the  horizontal  plane,  and  it  wilt  pass  through  the  north 

pole  of  tho  needln  and  the  conducting  wire,     The  strength  of  the  galvanic  current 

that  causes  the  delleclion  of  the  raa^^etic  needle  is  proportioniu  to  the  sine  of 

^nCMig^e   between  the  electromagnetic  plnne  and  the  plane  of  oscillatiun  of  the 

This  cJefleccing  power  of  the  galvanic  current  can  be  increased  if  the  con- 

eiiictin^  ^"*^  **  pjuDted.  inslewd  of  once,  several  times  in  Ihc  imnie  direction  in 

5Jj^",  rf  *._^  Uiagnctic  needle.     An  apparatus  constructed  according  to  this  princi- 

tums  ^f*'^"**«^  a  muUipiicatOT.     In  this  llic  conducting  wire  passes  in  numerous 

t:>*n<ied      '"'P**^  angles  to  the  honiontal  plane  around  the  magnetic  needle  sua- 

«►/  ttim."^  ^  "liddle  and  iwinzingin  the  horizontal  plane.     The  larger  the  number 

^^j^j-t/y*.*"^. greater  wll  be  the  angle  of  deflection  of  the  needle,  although  not 

"  '^     *J»rect  proportion,  as  the  indi\*idua!  turns  are  at  varying  distances 
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ttnd  occupy  diSerent  poxitioni  witb  reference  to  the  needle.     The  multi  plica  tor 
is  thus  an  spparatus  by  means  of  which  a  foebk  cumnt  can  readily  be  d^tectetT 

Experience  has  taught  further  that  if  the  feeble  galvanic  current  to  be 
amined  encounters  great  resistance  in  the  closed  circttit.  such  a«  in  animal  tissu 
through  which  the  current  is  passed,  then  many  turns  of  a  thin  wire  are  to  _ 
made  about  the  needle.  If.  however,  the  con  due  lion -resistance  in  the  circuit  iw 
but  sliehi.  as  is  the  cise.  for  example,  iii  the  niipticatioii  of  the  thermoelectric 
apparatus,  c^l>'  a  few  turns  of  a  thick  conducting  wire  arc  made  about  the  nug- 
natic  ne«dl«. 

In  otder  to  render  the  multiplicatof  more  sensitive  in  another  manner  the 
ma^etic  power  of  direction  of  the  needle,  by  means  of  which  it  tends  to  turn 
toward  the  north,  can  ljt^  cufpcblcd.     The  extent  to  which  this  has  boon  attained 
in  the  therm  oclectrogalvanometDr  for  the  examination  of  feeble  currents  haa^ 
been  described  and  illustrated  in  connection  with  the  study  of  feeble  tliennit  ~ 
currents  (p.  m).     It  should  be  especially  mentioned  at  this  point  that  for  the^ 
demonstration  o(  electrical  currents  in  animal  tissues  a  coil  consisting  of  a  large 
number  of  turns  of  thin  wire  ia  to  be  attached  to  that  instrument. 

In  the  muUiplicator  of  Schweig- 
ger.  employed  for  physiological  pur- 
poses, tne  tendency  c4  the  ne«dle  to 
point  toward    the    north   haa  been 
materially  enfeebled  by  the  emplc 
ment  of  the  astatic  pair  of  ne«U__^ 
jia  suggested  by  Nobili.     Two  identi-  ■ 
cal  magnetic  needles  arc  attjtchcd 
parallel    one   above    I  he   other   by 
means  of  a  fixed  middle   piece 
bom.  but  in  such  a  manner  that  tl 
north  poles  point  in  0|pp06itc 
tions.     Aa  it  is  impossible  to  imf 
to  each  needle  a  magnetic  strenj^ 
of   absolutely  coual    dCEree,  one 
the  nfiedles  will  tnusbe  uwaysi 
vrliat  BtrongKT  tban  tlie  oilier, 
diifi^reiice  tn  strength  should,   he 
ever,  not  be  so  great  that  the  strong^ 
needle  is  directed  toward  the  oonlii^ 
but   it  should  be  sufScient  <m\y  t< 
camtc  ihe  freely  su&pcndcd   pair  '' 
needles  to  assume  u  certain  angle  ' 
Oic  magnetic  meridian,  to  which  posi- 
tion it  always  returns  after  havinj 
been  deflected  iher«£rom.  with  tl 
execution  of  a  number  of   pr 
sively  diminishing  oscillations, 
angle  assumed  by  the  astatic  pair  ofl 
needles  to  the  magnetic  nkcridian  ill 
designated  the  /rer  dejUetion.    Tbu 
greater  the  degree  of  astasia  attaiocdil 
the  more  nearly  will  Lbe  angle  Cormed] 
by  the  direction  of  the  free  deflection  with  the  magnetic  meridian  approximate  a  righS^ 
aoglc.     The  greater  the  degree  of  astasia,  the  fewer  will  be  the  number  of  oscillation*, 
made  by  the  pair  of  needles  in  a  given  timo,  when  they  attempt,  after  deflection, 
to  resume  their  orif^inaj  position.     The  duration  of  each  of  these  periodic  oacitta- 
tions  will  then  be  quite  long. 

The  mull  iplii-iiior  is  so  constructed  that  tlie  direction  of  the  needles  is  the  sama 
as  that  of  the  eotis  of  wire.  The  upper  needle  oscillates  above  a  scale  gradua  , 
in  degrees  on  which  the  extent  of  the  deflection  of  the  needle  can  be  rvad.  Evei 
the  purest  copper  wire  in  the  coil  always  contains  a  certain  admixture  of  t 
whicn  exerts  an  attraction  upon  the  magnetic  ncctlle.  Tbcrcforc,  a  small  fi 
magnetic  rwd.di;sigiiated  a  correcting  rod  or  compensatory  magnet  (r>,  isattaci 
to  the  multiplicaior.  This  is  directed  toward  the  one  pok'  of  the  upper  needle  an 
diminishes  the  strength  of  the  astatic  needles  to  such  a  degree  that  the  attrjcting 
foree  in  the  coils  of  wire  (in  consequence  of  the  iron  ppesenlj  is  rendered  incflecii^ « 
with  respect  Eo  the  force  of  the  earth's  magnetisra- 
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ELECTROLYSIS.      TRAnSlTIOn -RESIST  AHCE.      GALVAMIC     POLARIZATIOH. 

COHSTAITT   BATTERIKS   AHD  UlfPOLARlZABLE  ELECTRODES. 

IHTERriAL  POLAHIZATIOn    OF   MOIST    CONDUCTORS. 

CATAPUORIC     ACTIOM    OF    THE    GALVAHIC 

CURREHT.     SECOHDARY  RESISTARCE, 

Every  f^ajvanic  current  ihat  it  pasted  ihrougb  a  Huid  conductor  causes  de- 
compoeitiua  of  the  tluid  {iUcttolym).  The  piuducts  of  []«coinp<J3ition.  tUd^ated 
i<"ti.  arc  deposited  at  the  poles  imtnvrscd  in  the  fluid,  the  ritetrodn  (of  which  the 
positive  i»  designated  the  anode  and  the  negative  the  kathode),  a»it>»w  collecting 
at  the  anode  and  kaiiam  at  the  kathode.  If  the  products  of  decomposition  are 
deposited  upon  the  electrodes,  they  in.iy  mechanically,  through  thctr  ttdhc-s^jon, 
«itlier  locreaM  or  diminish  the  diflictilty  uf  conduction  through  the  t^kciric  fluid. 
This  is  designated  iTamiiion-reiistancf.  If  by  this  means  the  conduction-iesi stance 
already  present  in  the  battery  is  incTcosed.  the  transitional  resistance  is  drngnaled 
pasiliut,  while  if  it  diminishes  the  conduction -resistance  in  the  battery,  it  ie  desig- 
nated as^adve  transttioH-reiiftaice. 

The  ions  that  collect  at  the  electrodes  may,  Tiowcver,  modify  the  strength  of 
the  current  also  by  the  development  between  the  anions  and  the  kations  (as 
between  two  different  bodies  connected  by  a  conducting  Quid)  of  a  new  gulvaiiic 
current.  This  phenomenon  is  designated  galtianie  poiaritaiion.  Thus,  for  ex- 
arnpie,  water  is  decomposed  by  immersed  platinum  electrodes  in  such  a  manner 
that  the  negative  oxygen  collects  at  the  positive  pole,  and  the  positive  hydrogen 
at  the  negative  pole.  The  p olania t ion- cumin i  thus  generated  usually  has  a 
direction  ouposite  to  that  o(  the  original  current,  and.  accordingly,  is  designated 
MgoJftw  poiariiMion.  In  rare  cases,  however,  the  polarization-current  has  the 
same  direction  as  that  induced  by  the  decompasition  and  then  the  pheoomcnon 
is  known  as  positivt  poiarimtion. 

Naturally,  in  the  process  of  elcctrolysia  both  facton  may  be  operative, 
namely  transition -resistance,  as  well  an  polarization. 

Polarization,  when  present,  may  be  so  slight  as  not  to  be  recogiiiiable  with 
tli«  naked  eye,  but  it  may  then  be  demonstrated  in  the  following  mannt^rr  After 
the  lapse  of  a  short  lime  tlje  primary  souree  ol  the  current,  for  example  the  element 
with  which  ih«  e!<«trodes  were  connected,  is  excluded,  and  the  extri?mities  of 
tho  electrodes  projecting  out  of  the  fitiid  are  placed  in  communication  with  a 
multiphcator.  winch  at  once  indicates  even  slight  polariastion  by  deSection  of  the 
needle. 

The  ions  set  free  in  the  process  of  electrolysis  cause,  at  times,  at  the  moment 
of  their  development,  further  secondary  decomposition.  If.  for  example,  platinum 
electrodes  are  imxiiiTHcd  in  sodium -chlorid  solution,  chlorin  accumulates  at  the 
anode,  and  sodium  at  th«  kathode.  The  cblorin,  however,  immediately  exerts  a 
dccomprigi ng  icillucnce  upon  the  water,  tho  oxyeeti  of  which  it  takes  up  for  oxida* 
tion,  while  the  hydrogen  is  depouted  secondarily  at  the  kathode. 

The  degree  of  polariiation  incrcasei!  (although  in  slighter  measure)  with 
the  current- strength,  while  it  diminishes  almost  proportionately  with  elevation 
of  temperature.  The  endeavor  to  overcome  the  polariiation,  which,  as  can  be 
seen,  would  soon  modify  the  strength  of  the  galvanic  current  present,  has  led 
CO  the  invention  uf  two  important  devices,  namely.  coMlant  galvanic  halterits  and 
the  so-called  itnpolaniabU  eUclrt^s. 

The  constant  batteriti  >-ietd  a  coii.tlant  current,  that  is  a  current  of  the  same 
intensity,  because  the  ions  generated  upon  the  electrodes  arc  removed  at  the 
moment  of  their  development,  so  that  they  are  thus  unable  to  give  rise  to  a  polari- 
sation-current. For  this  purpose  the  two  bodies  used  for  the  tension-eeriea  are 
each  tmmer«ed  in  a  separate  Hiiid,  separated  by  a  porout  upturn  (porcelain 
cylinder).  In  the  einc-pUtinum  cell  of  Grovo  the  Bine  is  immersed  m  dilute 
sulphuric  acid,  the  platinum  in  nitric  acid.  The  oxygen  deposited  in  the  process 
of  electrolysis  at  the  pnnitive  xinc  forms  xinc  oxid,  which  ts  at  once  disaolved  in 
the  dilute  sulphuric  acid.  The  hydrogen  attracted  to  the  platinum  unites  at  once 
with  the  nitric  acid  to  form  water,  the  acid  giving  otl  oxygen  and  being  converted 
into  nitrous  acid.  The  zinc-carbon  cell  of  Bunsic^n  act.i  iu  the  same  way,  the  nega- 
tive carbon  being  immersed  in  nitric  acid,  the  positive  sine  in  dilute  sulphuric 
acid.  In  the  cell  of  OanicU  the  positive  zinc  is  iiiunci^cd  in  dilute  sulphuric 
aeid  and  the  negative  copper  in  a  concentrated  solution  of  copper  sulphate.  The 
sine  undcr:goes  tho  same  change  as  in  the  Grove  cell.    The  negative  copper,  how- 
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ev«r,  Bttracic  byclro{cn.  but  the  Utt«r  at  once  in  the  aa«cent  state  reduce* 
the  copper  from  its  combination  to  mcutllic  copper,  which  acctunulatcs  oo  the 
copjwr  plate  as  a  bright  depoMl-  The  tln-t romotor  force  of  a  Daniell  cell 
vanes,  in  accordanct;  witti  the  degree  of  amal^iuiuttioti  of  the  zinc  and  the  con- 
centralion  of  the  fluid,  bttwcea  0.909  and  1.J5  volts,  the  intcmal  resistance 
being  1.9  ohms. 

It  the  electrodes  of  a  constant  element  be  eonvej'cd  to  a  moiKt  animal  ticcue, 
for  example  nerve  nr  muscle,  eleetrnLyftis  and.  as  a  rpfiuh.  polariiation  must. 
Daturally.  as  once  take  place.  In  order  to  avoid  this,  unfoiarisabt;  tUcirodn  have 
been  eon^imcicd  {Viff,,  115,  IV).  Ab  an-imlt  of  t)i«titudii-sof  Kegnatild,  Matteocci. 
and  du  Bois-Rr>-tnoiid.  it  has  been  determined  that  such  electrode*  can  be  con- 
ciructed  if  the  conducting  wire  coining  from  each  eknit-ni  be  fir»l  connected 
with  an  amnlf^Hmikted  plate  of  sine  (e.  z>.  the  latter  bcinK  v-cured  (k,  k)  in  ntube 
filled  vrith  a  solution  of  zinc  sulphate  (a  a),  whose  lower  exiremiiy  is  closed 
bv  means  of  an  inverted  cone  of  clay  (t.  t)  moistened  with  e,6  solution  of  sodium 
chlorid.  If  these  clay  points  arc  applied  to  the  tismes,  no  polarization  lakes  place 
or  at  most  only  n  very  flight  amount. 

Exactly  the  same  device  is  employed  for  examining  the  eitrrenis  in  muscles 
and  nerves  (Pij;  115,  I).  Aa  the«e  tismics  when  io  dtrcet  connection  w^th  metal* 
generate  currents,  a  similar  iion-pnlarieable  device  is  employed,  but  vender  such 
circumstances  it  has  a  flonwwhai  different  form.  It  consiKts  «  cups  of  sine  (P.  P) 
filkd  with  concentrated  acid-free  z it tc •sulphate  ao^)Iion  (t.  s).  In  each  cup  is 
immersed  a  pad  i>f  lilnttirigyiiiprr  (b.  li).  which  is  saturated  by  the  linc-solution . 
Finally,  tliis  lacovcred  with  a  thin  laver  of  plastic  clay  (t.  t)  moisiened  with  0-6 
percent,  sodjum-chlorid  solution,  whiicli  protects  tlie  liaaues  from  tbc  direct  caustic 
cflects  of  the  dissolved  zinc  salt. 

Ncrvc-Bbers  and  muAcle-tibcrs,  as  <vcll  .ta  mnist  vr^ttaMc  tiwiue*,  Abrin,  and 
similar  bodies,  which  have  a  porous  Btmclure  filled  with  fluid,  Itkcwiao  exhibit 
the  phenomena  of  polnniation  on  tho  apjtheation  of  currents  of  ccnnderabla 
strength,  .ind  this  has  h4-en  licui^aifd  inifrnoi  fclari uili-i»  of  moixt  conduetcrt. 
It  is  Dclieved  that  the  better-conducting  solid  particles  in  the  intrrior  of  these 
bodies  exen  an  electKilyttc  effect  upon  the  particle*  uf  fluid  in  contact  with  them. 
as  do  mctnllic  electrodes  in  cuiitact  with  fluid.  The  iuns  R-stilting  fn>m  tbc  dis- 
integration of  the  panicles  of  the  internal  fluid  would  then  give  rise  to  ibe  internal 
polarization  in  consequence  "f  the  tension  existing  lirtwcm  them.  The  con- 
auction- rem  st.-incc  of  muscle  and  nerve  depends,  accordini;  to  Hermann,  in  pan 
upon  potarisaticn.  He  considers  the  marked  polarisation  of  animal  tissues  (only 
comparable  with  that  of  the  inttals)  as  a  specific  vital  property  of  protoplasni. 

If  the    two  electrodes   of   the  cell    are   introduced    into  the    dixitaona  of    « 
fluid  saparated  into  two  halves  by  a  porous  partition,  it  will  be  observed  that 
particles  of  fluid  are  conveyed  ia  the  direction  of  the  galvanic  current,  from  the 
positive  to  the  negative  pole,  so  that  after  the  lapse  of  some  time  tbe  amount 
of  fluid  in  one  half  of  the  ^Tssel  has  diminished,  while  that  in  the  other  baU 
has  increased.     This  phenomenon  of  direct  transference  has  been  desienated  the 
catapiioric  effect.     Upon  ic  depends  the  galvanic,   transference  of  soluble   sub- 
stances throueh  the  external  intctnamcnt      Upon  this  depends,  apparently,  also 
the  phenomenon  of  so-called  secondary  fxifmal  reiistancr.     If  ll)c  ccppcr  electrode* 
of  ft  stronj;  cunatant  cell  are  each  introduced  into  a  vessel  filleo  with  copper 
sulphate  fctution,  from  which  projects  a  pad  saturated  with  this  fluid,  and  if 
further  over  thin  pad  is  placed  a  liit  of  muwlc,  cartilnge,  vegetable  ijasue  or  a 
prism.-itic  strip  of  coaculated  albumin,  it  will  be  seen  that  after  closure  of  the 
circuit  the  current  unaergoes  considerable  eiifeebleinent.     If  the  current  he  now 
revcrwrd,  its  strenijth  is  at  lirst  increased,  but  later  it  declines  from  the  manmum. 
Thus,  a  constant  alternating  reversal  of  the  current  gives  rise  to  similar  alternation 
in  the  variation  of  the  current.     If  a  prismatu-  bit  of  albumin  has  been  used  in 
the  experiment,  it  will  lie  observed  that  simtiltiincoiusly  ivith  the  cnfecblenKfll  of 
the  current  the  albumin  has  become  dcticicnt  in  water  and  presents  a  shmnkeo  , 
appearance  in  the  vicinity  of  the  positive  pole,  while,  convtrsciy.  the  albuiuM  ■ 
applied  to  the  negniivc  pole  (probably  throuf^  cataphoric  action)  is  swoUtn  aadj 
contains  niore  water.     If  the  direction  of  the  eurtent  be  altered  the  HIH  pb^i 
nomena  is  observed,  but  at  the  opnoeile  poles.     The  contraction  and  loss  ot  VtMt '. 
in  the  albumin  at  the  positive  pole  described  miut  be  the  cause  d  tbe  r^ij^^yi^  j 
in  the  circuit  that  explaina  the  enfechlcment  of  the  f;a)vanic  curroni.    "CVj^  p^ 
nomenon  is  designated  that  of  Mi:i>fidor}<  exUmot  remiance. 
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INDUCTIOH.     THE    EXTRA  CURRENT.     MAGNETtZATIOW  OF    IROIT  BY 

THE  GALVAHIC  CURRENT.     VOLTAIC  INDUCTION,      UlTIPOLAR 

IWDUCTION-EFFECIS.     MAGNETO-IHDUCTION. 

1(  s  K^lvjiiiic  L-ltiiivnt  I'l  I.!  I'M- J  by  means  of  aahort  curM-1  .Mri-  a  fv.-Mt  spiirk 
will  lie  ob!n.Tvvii  ol  tliv  171'- ■mini  ivheti  the  circuit  is  usain  ojn.ni.-'.i  If,  ituwvvi.-r, 
tbc  closure  it  clTcctc<l  by  mcaut»  of  a  long  wire  wound  into  a  coil  a  strong  spark 
is  o^Mrvcd  tyn  opening  the  circuit,  [f  two  handles  Are  attached  to  th(^  closing 
wire  and  held  in  the  hands  so  thai  the  current  (through  inurruption  of  the  wire- 
conduction  between  the  two  handles)  at  Ihu  moniont  of  i>pi-ning  is  conducted 
only  by  the  body,  il  severe  shock  is  fcU  at  the  montpnt  of  npening.  This  phe* 
nomenon  is  due  to  a  current  induced  in  the  long,  coiled  spiral,  which  Faraday 
dcAKT>Htcd  the  extra  CHrrtnl.  The  cause  (or  its  dcvclopmciil  is  ail  follows:  If 
the  circuit  is  closed  through  the  spiral  wire,  the  ealvanic  ciirrml  pnasing  through 
ihe  latter  induces  an  cleciiicfU  current  in  the  adjacent  turns  of  the  same  spiral. 
This  induct  ton -current  is,  at  the  moment  of  closure  in  the  spiral,  opposite  in 
direction  to  the  galvanic  current  in  the  circuit.  Therefore,  its  effect  is  limited 
and  it  ItkcwisA  causes  no  shock,  j^l  the  moment  of  ojicnirg,  this  induction -ourrent 
has,  however,  the  same  direction  as  the  current  in  the  circuit  and,  therefore,  its 
effect  is  intensified. 

Electrical  upparatus,  which,  therefore,  is  so  constructed  that  the  irritaiiom  to 
which  it  gives  rise  results  from  interruption  of  the  circuit  in  a  ^iral  conductor 
is  dc^gnatcd  txlra-CHrfenl  apparalMJ. 

If  a  »of  I -iron  rod  be  introduced  into  the  cavity  of  B  coiled  wire  spinil.il  "becomes 
magnetic  so  long  as  an  electrical  (galvanic)  current  passes  through  the  spiral.  If 
one  extremity  of  the  iron  rod  is  turned  toward  the  observer,  and  the  other  in 
tho  opposite  direction,  and  if  further  the  positive  current  pasccs  through  the 
spiral  in  the  direction  of  the  bands  of  a  clock,  the  extremity  of  the  rod  turned 
toward  the  observer  is  the  negative  pole  of  the  magnet.  The  strength  of  a  magnet 
thus  produced  depends  upon  the  strength  of  tho  galvanic  eurreni,  the  number 
of  spiral  turns  ami  the  ihicknew:  of  thr  iron  nid.  As  soon  as  the  current  is  opened 
the  magnetism  in  the  iron  bar  disappears. 

If  a  spiral  roll  be  made  of  a  long  inxulated  wire,  which  may  be  designated 
the  SKondary  jpiral:  if.  further,  a  similar  wire  spiral  designate'l  the  priinary 
spiral  be  placed  in  the  vicinity  of  the  first,  and  the  ends  of  the  primar)-  spiral  arc 
connected  with  the  poles  of  a  ealvanic  clement,  an  electrical  current  is  generated 
in  tbc  secondary  spiral  when  the  primary  current  is  closed,  or  when  opened  after 
having  been  closed.  A  current,  likewise,  appears  in  the  secondary  spiral  if  this 
is  brought  clo«r  to  or  r<?moved  further  from  a  closed  primary  spiral  (through 
which  a  current  is  constantlv  pftEsing).  The  current  appcaritic  in  the  .tecondary 
^iral  is  designated  tht-  ituluctti  or  iatadic  currem.  The  process  of  this  induc- 
tion has  been  designated  voltaic  induction  or  slectfi^dyttamic  distritmtUm.  The 
CTirrent  (levelojied  in  the  secondary  spiral  on  cltmure  of  the  primary"  current 
or  on  approximation  of  the  two  coils  to  each  other  passes  in  the  direction  oppo- 
site to  that  of  the  primary  current.  On  the  other  hand  the  current  induced 
on  opening  thi'  pnm:ir>'  current  i^r  im  separation  of  the  two  Hpiral.i  from  each 
Other  has  the  same  direction  as  the  primary  current,  '^'lile  the  priinar>'  current 
is  dosed  or  when  the  distance  between  tlic  two  ^irals  remains  unchanged  ao 
current  is  demonxtrublv  \n  the  jecondary  spiral. 

The  currents  developed  in  the  secondary  spiral  on  opening  and  closing  the 

Circuit  differ  from  each  other  in  the  following  particulars.     Although  the  amount 

of  eJectricitv  neutraiizi-'d  on  opening  and  closing  the  current  is  the  same,  so  that 

the  same  eilccl  from  lK>ih  can  be  (lemonutroK-d  by  means  of  electrolysis,  ax  also 

by  means  of  a  cal van o meter,  the  electricity  at  once  attains  its  maximum  intensity 

and  c^niinncs  f.ir  a  ihon  time  with  the  opening  current,  while  the  electricity  in- 

creaacs  but  gradually,  il<>es  not  reach  :m  equally  high  inasinium  and  flows  for 

*  ™"ch  longer  time  with  ihc  closing  current.     The  reason  for  this  important 

dmerencc  is  as  follows:  With  the  closure  of  the  primary  circuit,  thcro  develops  in 

the  priroarj-  spiral  the  extra  current,  ^^'hil.-h  passes  in  a  direction  opptwite  to  that  of 

tnepnmary  ctirrent.     It.  therefore,  offers  resistance  to  the  more  rapid  development 

*«•    f  P"0**ry  current  to  its  full  strength.     The  current  induced  in  the  Micondarj- 

jpww  therefore  develops  slowly.     As,  however,  on  opening  the  primary  spiral  the 

Ihc  d-^""?'"'  in  the  taller  parses  in  the  same  direction  us  the  primary  current. 

oJrttirbing  intlu«nce  mrniioncd  diianijears.     The  more  rapid  and  tin'found 
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aetion  of  the  opening  current  is  of  great  wgnificaneo  with  relatioa  totlie  [Aj-si- 
ologicol  employment  o(  induction  ■currents. 

It  may  naturally  be  desirable  under  somr  circumstances  to  remov-e  this  ine- 
quality in  the  closing  and  opening  shocks.  This  end  can  be  attoinrd  by  greatly 
weakening  the  extra  current.  Thin  is  accomplished  simply  by  giving  ihe  primary' 
spiral  only  a  few  turns,  v.  Hclmholtz  has  iittained  the  same  object  bv  introducing 
A  seoondao'  ("ircuit  in  the  primary  circuit.  By  this  mcass  the  currcn*.  never  dis- 
appears entirely  in  the  primary  spiral,  but  it  is  alternately  weakened  and  slrcngtb- 
ened  by  the  alternate  closing  and  opening  of  this  secondary  circuit  oi  much  »«■-; 
resistance. 

If  a  current  is  made  to  appear  or  digappear  in  th«  primary  c«)]  with  gi*st^ 
rapidity,  the  in  due  I  ion -current  develops  in  the  secondary  spiral  not  alooe  whea< 
the  free  extremiUwi  of  the  rpiral  wire,  which  may  be  connected  wiUi  some  parc^ 
of  an  animal,  arc  cloecd.  but  also  nbm  only  one  extremity  of  the  wire  is  made 
to  divert  the  current  by  the  contact.     There  occur,  therefore,  on  contact  with  only 
one  extremity  of  the  secondary  spiral  contructtons  in  lh«  frog-preparation   that 
are  designated   unipolar  inducrd  conlraetufHS.     Generally  they  ap^ar  only  on 
opening  the  primary  circuit.    The  occurrence  of  theae  contractions  is  favored  hy 
connceling  the  other  extremity  of  the  spiral  in  diverting  contact  TiHth  the  earth, 
and  also  if  the  frog-preparation  is  not  completely  insulated. 

Brief  consideration  may  now  be  given  to  so-called  magnelo^tidueiiMi.     Ac- 
cording to  Ampere  one  may  conceive  of  a  magnetic  bar  as  surrounded  penna- 
nently  bv  electrical  currents  in  such  a  mnnn«-r  that  if  the  south  pole  be  direeted^ 
toward  tue  observer  the  currents  pass  around  each  transverse  section  of  the  bar' 
like  the  tiands  of  a  clock.     On  this  assumption  it  will  be  readily  undcrstocd  that 
a  mnEUct  will  flcvclojj  a  current  in  a  wire  coil  near  by  as  soon  as  the  two  are  ap- 
proximaicd.  and  also  if  a  piece  of  soft  iron  is  suddenly  rendered  magnetic  or 
suddenly  lo&cs  its  magnetism.     The  direction  of  the  currents  tlius  induced  in  tha 
coil  i»  the  same  as  that  of  those  induced  on  voltaic  induction ;  that  is  the  develop- 
ment of  mBgnelUm  or  the  approximation  of  a  coil  of  wire  to  a  magnet  give*  risei 
to  an  induced  ctirrent  in  a  direction  opposite  to  that  of  the  current  assumed  to 
be  present  in  the  magnet:  conversely,  the  disappearance  of  the  raagnetiitm  or  the 
leparatton  of  the  coil  from  the  magnet  gives  rise  to  a  current  in  the  same  directioji. 

Approximation  and  separation  of  a  magnet  and  a  coiled  wire  mzy  be  effected 
in  rapid  succession  if  a  magnetic  bar  that  is  faxtcned  at  one  extremity  is  permitted 
to  vibrate  freely  in  the  vicinity  of  the  coil.  The  pitch  of  the  noie  of  such  a  rod 
will  then  naturally  indicate  the  rapidiu  of  the  movement  and  »hercbv  at  the  same 
time  the  number  of  induced  shock H—tirossroamt's  acouatic  current-snocka  and  the 
resulting  acouatic  tetanus  in  the  frog-preparation. 


DTT  BOIS-REYMOND'S  SLITHWG  INDUCTION-APPARATUS. 

PIXII-SAXTON'S    MAGNETO-IHDUCTION    MACHINE. 

The  sliding  apparatus  is  an  improved  modification  of  the  magneto-«lectro- 
motor  of  Neef  for  pn^-siological  purposes.  The  apparatus  is  readily  compr^ensibls 
from  the  accompanying  sketch  fFig.  asfi).  A  wire  passes  from  one  pole  (a)  of  the 
galvanic  battery  (D)  to  the  metallic  column  CS),  from  the  upper  extremitv  oC 
which  an  easily  vibrating  metallic  spring  (F)  projects  in  a  horutontal  direction 
and  is  provided  at  its  free  cxtremitv  with  a  rectangular  strip  of  iron  (e).  An 
adjustnDlc  screw  (b)  is  approximated  to  the  middle  ot  the  spring  from  above 
so  that  contact  between  the  two  takes  place  From  the  screw  (b)  pasaea  an  ■ 
insulated  copperwire  (c)  to  a  hollow  spiral  (xx),«'ithin  which  are  placed  a  number 
of  rods  of  jolt  iron  (i  i)  insulated  by  a  coating  of  vnmish.  Frotn  the  spiral  the 
wire  (d)  passes  on  to  a  horseshoe  of  soft  iron  (II).  which  it  mrrouada  m  spiral 
tuns/pasnng  finally  from  this  back  again  {at  f)  to  the  battery  (g). 

Wliile  the  current  i»  closed  m  this  manner,  it  miist  effect  the  following  recults : 
It  rendeni  the  horseshoe  (H)  magnetic  and  it  in  consequence  at  oooe  attracu. 
the  morable  strip  of  iron  (e.  Neef's  hammer).  By  this  means  the  contact  of 
the  spring  (F)  with  the  screw  fb)  is  broken.  The  current  is  thus  inierruptcd. 
the  horaeahoe  accordingly  loses  it»  magnetism,  and  ii  releases  e.  which  is  drawn 
upward  by  the  spring,  so  that  contact  takes  place  again  at  b.  This  new  contacv 
causes  reaowed  magnetisation  of  U  and  ailraclion  and  release  arc  thus 
repeated  in  rapid  succession,  in  ooosequence  of  which  the  primar)'  cnrrent  Ijctwten , 
P  and  b  is  alternately  opened  and  closed  with  equal  frequency. 


VtO,  Biti—i,  DkfiamnMlic  rrsmraialinn  ef  ihr  ilidina  aUctninMir  cd  du  Hw^-RrriiKiiiil.     □,  Krr  'or  Wlkcl- 
atioB,     III.  Elnirodra  vitn  (ncdiaaiim  for  Inutniplion. 

,  of  the  primary  current.     This  is  mounted  upon  a  long  boArd  or  slide  tp  p) . 

ided  with  a  scale  upon  which  it  may  be  movrd  over  the  primary  spiral. 

:h  it  then  receives  into  its  concavity 
(the  induced  currciiL  hetng  then  strongcsi). 
or  it  may  be  removed  any  desired  distance 
from  the  primary  6piral  (the  current  then 
bcins  feeblest).  The  dcRrce  of  separation 
of  the  coil£  is  thus  an  index  of  the  strength 
of  the  fitiiniilu».  Tlic  nieiLSurement  of  the 
current -strength  may  naturally  be  tnade 
more  Hccuratdy  bv  mcnns  of  gradusled  in- 
struments. Accor&ng  to  the  laws  of  voltaic 
induction  there  develops  in  the  secondary 
spiral  {K  K)  onclosingthc  primary  current 
an  induced  current  opposite  in  direction  to 
tlial  of  the  primary  current,  and  on  closinj; 
the  primary'  current  nn  induced  current  in 
the  same  direction.  Moreover,  according  to 
the  iawsof  inaj^actti-iiiduction  the  miigncti- 
sation  of  the  iron  bar  (i  i)  within  the  pri- 
inaiy  spiral  (x  x)  through  closure  of  the  pri- 
3Ufy  current  causes  the  development  of  a 
current  in  the  Kecondary  coil  (K  K)  in  the 
opposite  ilircction,  and  ine  demagnetization 
of  the  bar.  by  opening  the  primarv  circuit. 
an  induced  current  in  the  same  direction. 
These  facts  explain  the  more  powrcrful 
effect  of  induced  opciiinR  currents,  as  com- 
pared to  closink'  corrcnts.  The  removal  of 
the  inequolity  in  the  two  currents  has  t;ven 
discussed  on  p.  641S. 

The  ma CTieto -induction  (or  rotation) 
apparatus  (^l8.  aaj).  devised  by  Pixii.  and 
■mpravrd  by  .Saxton.  and  prowided  by 
Stahrer  with  a  commutator,  consists  of  a 

powCTful  horseshoe  steel  magnet,  opposite  to  whose  two  poles  <N  andS)  is  ptaoed 
^  horseshoe  of  soft  iron  (H),  which  can  be  rotated  about  a  horiiontal  axis  (*b). 


Fie,    tj}.— 'lilwnieia-ladudion   AppMttui 


64S 


CURRENTS  OP  ISJVRV   IK  MUSCLE   AKD   SERVE. 


The  cxiremiiii-s  at  tlie  horaeshoe  are  sunnouQicd  by  wooden  spools  (c  d] .  around 
which  an  isolated  wirr  is  ^Tapped  in  numcnms  sjiiriils.     If  thu  hurwshoe  Is  in  a 

f)08itton  of  rest,  as  indicated  in  the  ligurc.  it  is  expt>«d  to  ihc  influence  of  ilic 
arjce  steel  mugnct.  and  it  bueoinet  uiaK'iicttied  itself.     U  turns  to  the  poles  of  tlte 
(te«l  magnet  t!»ft  opposite  poles  s  and  n.     In  th*  wire  of  the  two  wooden  spools 
C  and  d  an  clcetrieftl  current  is  developed  whenever  the  horscihoe  loses  its  mag- 
netism  or  again  acouires  it.     If  half  a  rotation  of  the  axis  ab  Is  Tnad«,  so  that 
the  spool  CIS  apposed  to  the  poles,  the  nutgneiism  in  the  horseshoe  naturally  chan^ 
its  polarity,  ax  the  polc«  ol  the  steel  macnet  N  and  S  must  always  be  m  relatioi 
to  tiie  opposite  poles  of  the  horseshoe.     Tliis  alternation  in  the  poles  of  the  borwj 
shoe  can  naturally  tie  bruuK^t  about  only  when  the  original  magnetism  prcscnl 
dimppenrs  and  the  new  rracnctistn  of  opposite  polurity  develops.     I'he  disappear 
anca  of  the  magnetism  in  the  horseshoe  and  the  development  of  the  oppostl*] 
kind  s^vcA  Hsl-  in  the  epird.1  to  currents  in  the  same  direction.     With  tlie  sccon^ 
half-rotatifo  the  poles  are  restored  to  theiroriginal  position.    There  must .  therefore^ 
be  induced  iii  the  s[>iral  a  current  of  opposite  direction  from  that  of  the  current 
ratulting  with  the  hrst  half- rotation.     Each  complete  rotation  of  the  horM-shoe 
thus  gives  nse  to  two  currents  passing  through  tlie  spiral  m  opposite  directions:. 
so  that  the  conducting  wires  o  and  p  arc  alternately  positive  :md  negative. 

StOhrer  has  by  the  application  of  his  cotnmutator  succeeded  in  causing  the 
two  ctirrcnta  mentioned  to  pass  in  the  same  direction.     For  this  purpose  two 
metallic  collfirs  (m  und  ii)  well  inMul.itcd  from  ejich  other  are  placed  upon  the 
axis  (a  b)  one  over  the  other.     Each  collar  is  provided  at  both  tts  upper  and  its  < 
lowcrcxtreinity  with  a  hollow  nictallie  balf-ruig;  thus,  the  collar  n  with  the  half-l 
rings  3  and  4.  and  the  collar  m  with  the  half-ringn  1  .tiid  i.     The  half-ring^  ar0| 
arranged  alternately  in  pairc      Of  the  two  polar  wires  of  the  spiral  one  (o)  i| 
connected  with  the  inner  collar  (m)  and  the  other  (p)  with  the  outer  collar  (n>. 
The  divided  metallic  plates  Y  and  Z  are  prolongations  o(  the  poles  and  act  as 
conductors  to  the  electrodes.     It  can  be  reiidily  seen  that  in  this  position  p  jiasses 
to  3  of  the  outer  colUr  and  thence  to  Z.     After  a  half  turn,  however,  o  is  con 
nccicd  by  i  of  the  inner  collar  with  Z.     An  analogous  change  in  position  take 
place  at  1.     If.  now.  as  htut  already  been  pointed  out.o  and  p  rlitinge  I  heir  polarit] 
with  each  half-turn,  so  that  after  e^-cry  half-rotation  first  o  and  then  p  bccomei.,^ 
positive,  by  means  of  the  commutator  Z  remains  constantly  connected  with  tfao] 
positive  and,  accordingly,  Y  constantly  with  the  negative  pole.     'ITic  half-rio||M 
t  and  4,  as  well  as  3  and  »,  project  somewhat  bcvond  each  other  at  their  extremi-l 
ties.     By  this  means  it  results  that,  in  a  certain  position.  0  and  p  are  closed  foi*! 
a  short  time  above  and  below  by  Z  and  Y.     At  this  moment  no  current  pawer) 
through  the  tilectrodes.     Tho  apparatus  is  most  eflieietit  and  it  is  alsn  available 
for  electrolytic  purposes. 

The  friry  (Pig.  i3&,  II)  is  an  adjunct  to  this  appamtu*.  It  consists  of  a  device  ] 
by  means  of  which  the  current  is  made  to  pass  through  a  wide  metallic  bridge] 
(y.  r.  t)  until  it  is  sent  through  the  parts  to  be  stimulated.  The  latter  takes 
place  at  the  moment  when  th<^  cmuieeting  inetiiUic  plate  (r)  is  intTixInced  between 
the  two  blocks  y  and  x.  The  kcy-clcctrodc  (III)  can  be  employed  in  the  same 
manner  for  physiological  purposes.  This  conveys  the  current  to  the  tissues  as 
soon  as  the  spring  connecting  plute  (e)  is  raised  by  pressure  upon  k.  This  instru- 
ment  can  be  controlled  with  n  single  hand;  a  h  are  the  polar  wires,  r  r  the  insula! 
eleetrmlcs  coTinceted  with  the  parts  to  be  sliniulated.  and  G  the  handle  of  the  in-^ 
Btrument. 


ELECTRICAL   CURRENTS  IN    RESTING  MUSCLE  AND  NERVE. 
CUTANEOUS   CURRENTS.      GLANDULAR   CURRENTS. 

Meiliod. — To  test  the  law  governing  the  muscular  current  there  is  required  J 
a  muscle  made  up  of  pnrnllel  libers  and  of  simple  etructure.  thus  representing  a] 
prism  or  a  cyhnder  (Fig.  »i8.  /  and  //>.  The  i>4inorius  mu-sclv  of  the  frog  mufi 
subserve  this  purpotie.  In  such  a  muscle  a  dtsMnetitm  is  made  between  its  rarfu*i 
or  the  natural  lonintudinal  section,  its  tendinous  exira-mitics  or  the  natural  trans<, 
verse  sections,  and.  if  the  latter  arc  divided  at  riffhi  angles  to  the  longicudinalJ 
axis,  the  artiticial  iransveree  Neciions:  fmnlly  the  dmgn.iiion  equator  (a  b~  m  n)  ii ' 
applied  to  an  imaginar>-  line  tlut  exactly  btaectd  the  length  of  the  muscle -fibers. 

As  the  currents  present  arc  exceedingly  feeble,  a  multiplicator  (Pig-  21$.  I)  is^ 
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required  (or  tbeir  demotictrituoa  or  a  tannnt  mirror-galvanometer,  for  example 
th«  electro gftlvanomcWr  (p.  .^8<),  with  a  n«inp«d  periodic  magnet  H  tfie  wires 
of  the  muItipHcator  wwe  placed  in  direct  communicatifin  with  tho  moist  animal 
tissue,  they  would  give  rise  to  a  cum-nt  by  rtasnn  nf  their  incqtmht y.  and,  Itcsidct, 

¥olarization  would  dpvclop  011  the  swrfacRof  the  wires  on  the  passage  ol  a  current. 
berefore  unpolariiable  electrodes,  upon  wtuch  the  tissues  may  re£t  (Fig.  135,  I, 
P,  P) .  are  always  u>ed  ill  conjunction  with  the  cotidiiciins  wires. 

The  capillftiy  electrometer  of  Lippmann  (Pig.  119)  has  been  advaniagcoualy 
employed  for  the  demonstration  of  muscular  currents.  In  this  a  Hun  column 
of  mercury  in  a  capillary  tube  lyiuK  in  contact  with  a  conducting  fluid  (dilute 
sutphuric  acid)  is  duploced  by  tnc  galvAnic  current,  the  constant  of  capillarity 
of  tin?  mercury  undcrgoinc  alteration  in  consequence  of  the  polnriitation  at  the 
surface  of  contact.  The  displaoem*nt ,  which  the  observer  (a)  recogniie*  with 
the  microscope  (-If),  takes  place  in  the  flirectjon  of  the  positivr  current.  The 
image  of  the  capillary  tubo  can  be  projected  itpirin  a  Mreen  and  the  oacillationa 
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of  the  mercury  may  be  photographed.  In  Fig.  339,  representing  si:ch  an  ap- 
paratus dia^ammaticaUy.  A  is  a  ^asi  tube  drawn  out  below  lo  capillary  fine- 
ness, and  nlled  from  ahfivc  with  mcrciuy  and  from  c  downward  with  dilute 
sulphuric  acid  The  capillarj*  tube  extends  downward  into  a  ividcglasstulic.  which 
has  a  planiium  wim  £u.*e<l  into  iL  below  and  is  filled  with  mercury  (^)  and  dilute 
sulphuric  acid  (').  The  conducting  wir(«  aw  connected  with  unpoiun/nble 
electrodes,  which  are  applied  to  the  intnsvcrec  section  and  the  surface  of  a  muscle. 
On  closing  the  current  the  column  of  mercury  is  displaced  downward  from  c  in 
the  direction  of  the  arrow.  The  electromotive  f(>rce  can  Ik--  nicasund  with  the  aid 
of  llie  capillary  clcctromcicr  from  the  extent  of  the  displacement  of  mercury-. 
On  the  other  hand,  when  the  electrical  processes  take  plact  rapidly  the  movement 
of  mercury  cannot  follow  rapidly  enough  on  account  of  the  resistance. 

Tbe  strcoKlh  of  the  current*  in  animal  organs  is  l>cal  mciieurcd  by  pcrmilling 
another  current  of  grndual^^d  and  known  strength  to  pass  tbrotigh  the  electrom- 
eter circuit  in  an  oj>posite  direction,  ao  that  the  tissue -current  present  is  reduced 
compensatory  method  of  Poggendorf, 
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1 .  Perfectly  fresh,  uninjured  muscles  exhibit  no  current  at  all,  nor  do 
wholly  dead  muscles. 

a.  Strong  electrical  currents  are  observed  if,  as  in  Fig.  395,  I  M,  the 
transverse  section  of  the  muscle  is  connected  with  one  unjKilarizablc 
electrode,  while  the  surface,  or  longitudinal  section,  is  connected  with 
the  other.  The  direction  of  the  current  in  the  connecting  wire  is  from 
the  positive,  longitudinal  section  to  the  negative,  transverse  section, 
therefore  in  the  muscle  itself  from  the  transverse  to  the  longitudinal 
section  (Fig.  335,  1.  and  Fig.  aaS,  I).  Tliis  current  is  the  strongcr 
the  more  one  electrode  is  approximated  to  the  equator  and  the  other 
to  the  center  of  the  transverse  section.  The  strength  diminishes  the 
more  the  electrode  applied  to  the  surface  approacoes  the  extremity 
and  the  more  the  electrode  applied  to  the  transverse  section  approaches 
the  margin  of  the  section.  The  demonstration  of  the  strong  current 
may  even  he  made  on  a  single,  isolated  musclc-tibcr.  Unstriated  muscles 
also  exhibit  similar  currents  between  transverse  section  and  surface, 

3.  Feeble  electrical  currents  are  obtained:  (a)  If  the  electrodes 
are  applied  at  two  points  on  the  surface  unc()ually  distant  from  the 
equator,  The  current  then  parses  from  the  positive  point  nearer  the 
equator  to  the  farther  removed  negative  point,  in  the  muscle  naturally 
in  the  reversed  direction  (Fig.  laS,  II,  Ic  e  and  1  e).  (b)  Equally  feeble 
currents  develop  on  applying"  the  electrodes  to  points  on  the  transverse 
section  unequally  distant  from  the  center,  the  current  passing  from 
the  point  ne^irer  the  margin  of  the  section  to  that  ne.irer  the  center 
of  the  section,  in  the  muscle  itself  in  the  opposite  direction  (Fig.  228, 
11,  i  c). 

4.  If  the  application  be  made  to  two  points  on  the  surface  equidis- 
tant from  the  equator  (I,  x,  y;  v.  z;  II.  r,  c)  or  to  two  equidistant  from 
the  center  of  the  transverse  section  (I,  c)  no  current  appears. 

5.  If  the  transverse  sections  of  a  muscle  are  made  obliquely  (III), 
so  that  the  form  of  the  section  is  rhombic,  the  conditions  present  will 
be  the  same  a.s  those  described  in  paragraph  3.  A  point  close  to  the 
obtuse  angle  of  the  transverse  section  or  of  the  surface  is  positive  with 
relation  to  one  equally  near  the  acute  angle,  The  equator  passes  ob- 
liquely (a,  c).  These  divergent  currents  are  designated  inclination- 
currents  and  their  course  is  indicated  by  the  lines  1,  3,  and  3,  III. 

The  electromotive  force  of  a.  etrong  muscle-current,  in  the  frog,  is  equal  to 
from  o.ojj  10  D.075  of  a  Daniel]  cell,  and  in  tbe  case  of  thestronj^it  inclinatiom- 
currents  even  up  as  much  as  o.i.  The  muscles  and  nprvps  of  a  ciininie<i  animal 
exhibit  at  first  stronger  currents.  Exhaustion  of  the  muscle  tJiminishes  tbe  stren^h 
of  ilie  cvirrinii.  mid  it  disappears  entirely  on  the  denth  of  the  muscle.  Elevation 
of  the  tempcratiurc  of  a  muscle  increases  the  cnrrent.  but  a  tempemturc  above  40° 
C.  ag&in  enfeebles  it.  Reduction  of  the  temperature  lessens  the  clectrotDotivc 
force.  A  current  that  has  become  feebler  in  the  course  of  a  short  time  can  be 
made  (ironjtcr  by  application  of  the  electrodes  to  a  new  transverse  section. 
Heated  living  muscular  tissue  and  nerve-tissue  are  positive  to  cooler  tissues  of  th« 
same  kind . 

6.  The  resting  nerve  exhibits  with  reference  to  the  conditions  de- 
scribed in  paragraphs  i,  3,  and  3  effects  analogous  to  those  of  the  muscle. 

TJie  electromotive  force  of  the  strong  nerve-currents,  conducted  from  traos- 
vcrsc  section  and  surface,  equals  0-02  01  a  Daniel!  cell.  Heaitnji  the  nerve  to 
between  is"  and  »s°  C.  increases  the  strength  of  the  ncr-'c-current,  while  bigfaer 
temperatures  enfeeble  it.  In  the  development  of  a  strong  nen'e-current  the  itega- 
tivity  of  the  transverse  section  rapidly  diminishes  with  the  death  of  the  nerve. 
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This  t&kes  place  only  up  to  the  n«n  annular  constriction,  and  after  it  has  been 
completfld,  the  nerve  under  such  conditions  is  devoid  of  current.  A  new  trsns- 
verve  section  permits  again  of  the  development  of  a  strong  nerve-current. 

7.  If  tlie  electrodes  are  applied  to  the  two  transverse  sections  of  an 
excised  nen-e  or  to  two  points  on  the  surface  equidistant  from  the 
equator,  a  feeble  ctirrent  appears  and  passes  in  a  direction  ojiposite 
to  that  caused  by  the  physiological  activity  of  the  nerve-fiber  (axial 
current);  therefore  in  the  case  of  centrifugal  nerves  in  a  centripetal 
direction  and  in  that  of  centripetal  nerves  in  a  centrifugal  direction. 
Perhaps  this  current  depends  upon  differences  in  the  lime  of  death  at 
the  two  extremities  of  the  ner\-c. 

The  electromotive  force  of  «ich  a  current  increjues  with  the  length  of  the 
nerve-«!gment  and  with  the  size  at  the  transverse  section.  It  is  enfeebled  by  ex- 
haustion (by  tet^inization) ,  especially  in  the  caee  of  motor  nerves  and  less  in  that 
of  centripeiul  nerves. 

The  muscle- current  con  be  denronstrated  also  without  the  aid  of  it  multiplicator: 
I.  By  a  sensitive  fmg-prep»ration.  designated  the  physioioguai  rluotcoft.  A  moist 
conductor  is  applied  to  the  transverse  section  and  the  sumce  o(  the  gastrocnemius 
moEcle  from  a  frog.  When  the  sciatic  nerve  of  a  fro g-p reparation  connected  with 
the  leg  is  stretched  over  the  muscle  conirnclion  take*  place  at  once ;  likewise  when 
the  nerve  is  again  removed.  If  at  the  lower  extremity  of  the  frog-preparation  a 
transverse  flection  ts  made  llirough  the  gastrocnemius  muHcIe,  and  the  scifttic 
nerve  C^hosc  distrihution  in  the  muscle  is  connected  with  tlic  surface  o(  all  erf 
the  fibers)  is  placed  on  this  transvcr&c  section,  the  leg  twitches  aa  the  muscular 
current,  from  the  surface  to  (he  IraoaverDC  section,  enters  the  nerve.  This  obser- 
vation was  familiar  to  Galvani  Si  cynlra^li  n  u-ilh-^ut  hwIjU. 

J.  An  isolated  muscle  cnn  be  Btimulfttcd  directly  nnd  m.tdoto  contract  by  means 
of  its  own  muBCle-ciuicnt.  If  unpolarirabic  electrodes  are  applied  to  the  transverse 
section  an/1  the  surface  of  a  curari»d  fruz-muscle  and  the  cin;uit  is  closed  by 
mercury  the  muscle  contracts.  In  an  analogous  manner  the  nerve  also  may  be 
stimulated  by  its  own  nerve<urTcnt.  If  the  lower  extremity  of  a  muscle  with  a 
transverse  section  be  immersed  in  a  0,6  per  cent,  solution  uf  sodium  chlorid.  which 
itself  is  entirely  indifferent,  n  secondary-  circuit  is  established  through  this  f!uid 
between  the  transverse  section  and  ific  adjactni  surface  of  the  muscle.  In 
consequence,  the  muscle  contracts.  Other  mdiflcrcnt  conductors  used  to  com- 
plete the  circuit  have  a  similar  effect. 

3.  If  the  muscle -Burrent  be  passed  through  potasstum-iodid  paste  it  causes  by 
electrolysis  a  Beparation  of  iodin  at  the  positive  pole,  as  a  result  of  which  the  starch- 
paste  becomes  blue. 

The  total  current  in  the  body  should  be  the  resultant  of  the  elecirioalcurrentsof 
the  individual  muscles  and  nerves,  and.  in  Uie  frogdeprived  of  skin,  it  passes  from  tlie 
extremity  of  the  limbs  to  the  trunk  and  in  the  trunk  from  the  anus  to  the  head. 
This  is  the  '■  corrcntc  propria  dclla  rana"  of  Lcopoldo  Nobili,  or  the  "frog-current," 
In  mammals  the  corresponding  current,  passes  in  an  opposite  direction. 

If  muscles  or  nerves  have  lost  their  irritiibility  in  the  state  of  narcOsia 
induced  by  ether  or  chloroform,  the  musclccuircnt  may  persist  and  o-cn  be  in- 
creased. After  death,  the  currents  disappear  earlier  than  the  irritabihty.  They 
persist  longer  in  the  muscle  than  in  the  nerve,  in  which  they  are  abolislied  earlier 
m  the  more  central  portions.  Also  a  motor  nerve  wholly  paralysed  by  rumre 
ttill  exhibits  the  current  (spark),  as  did  also  a  norve  in  process  of  degeneration 
that  had  lost  iu  irritability  entirely  for  two  weeks.  In  the  divided  nerves  of  a 
living  animal  the  ciurent-stretigth  is  at  first  increased  after  one  or  two  days,  while 
later  it  diminishes.  Muscles  that  ha%-e  become  rigid  at  times  exhibit  currents  in 
Op(>osite  directions  in  cDnsrqucncc  of  inequalities  developed  in  the  process  of  decom- 
position.    The  ncrve-currcnt  is  rcversetl  by  boiling  water  or  by  Ocskcation, 

Of  other  tissues  that  exhibit  electrical  currents  there  may  be  mentioned  the 
akin  (froR).  whose  surface  is  positive,  while  its  inner  aspect  ia  negative,  The 
mucous  membrane  of  the  digestive  tract  exliibits  the  some  relation,  as  does  also 
the  cornea,  a*  well  as  the  ftglandulftr  skin  of  lish  and  snails.  Currents  have  been 
observed  also  in  glands,  principally  in  the  unicelliUar  and  multicellular  mucous 
glands  of  lower  vertebrate*  C'rog.  eel). 
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CURRENTS   OF  STIMITLATED   MUSCLES    AFD    WERVES    AND  OF 
SECRETORY  ORGANS. 

I.  If  a  muscle  tliat  exhibits  a  strong  electrical  curreQC  is  thrown 
into  tetanic  contraction,  best  by  means  of  tetanisation  of  its  nerve,  its 
furrem  is  t-nfct-blcd .  at  limes  even  to  the  point  of  complete  return  of  the 
magnetic  needle  to  zero  This  phenomenon  is  the  mgatitv  tariaXi'oK, 
It  is  directly  proportional  to  the  primary  deflection  of  the  ma^etic 
needle  and  to  the  energy  of  the  contraction  of  the  muscle. 

AfUr  the  tetanus  th«  muscle -current  is  fivblcr  than  before,  [f  the  muscle 
be  placed  upon  tlie  i^U-ctrodcs  in  such  a  manner  that  the  current  it  a  feeble  one, 
a  diminution  of  thin  fc<'ble  cunvnt  appears  during  tctAnus  in  an  analogous  manner. 
In  thi-  inflTcctive  «rraneement  iho  contraction  of  the  muscle  has  no  influcnc* 
upon  Iha  magnetic  needJe  If  the  coniraclion  ot  the  muscle  is  prevented  by 
making  it  tente.  a  Komewhiit  slighter  :>e|^ative  VAriatinn  is  obKeneu.  Ttiervfore, 
it  is  aIm  smaller  in  the  isometric  than  in  the  isoinnic  act.  If  a  contracted  muscle 
be  stretched,  llie  negative  variation  present  decrease*.  If.  however,  a  resting 
niMScle  be  stretched  the  rrscine  current  is  diminished. 

3.  Excised  frog-muscles  thrown  into  a  state  of  tetanus  through  their 
nerves  exhibit  electromotive  torce.  aciion-c»rrcnt.  A  descending  current 
is  present,  for  example,  in  the  tetanized  gastrocnemius  of  the  frog  and 
a  similar  current  in  the  entire  hind  leg.  In  wholly  intact  muscles  of 
man,  however,  thrown  into  tetanic  contraction  through  their  nerves,  such 
a  current  is  wanting.  Also  wholly  intact  frog's  muscles  directly  thrown 
into  tetanus  exhibit  no  current. 

3.  If  a  muscle  is  momentarily  irritated  directly  at  one  extremity, 
so  that  the  contraction-wave  rapidly  traverses  the  entire  length  of  the 
nniscle- fibers,  every  part  of  the  muscle  is  successively  negative  elec- 
trically shortly  Iwfore  it  undergoes  contraction.  A  wave  of  negativity 
thus  precedes  the  wave  of  contraction.  The  former  therefore  occurs 
during  the  period  of  latent  irritation.  Waves  of  negativity  and  con- 
traction have  the  same  velocity  of  about  j  meters  in  a  second.  Tha 
negativity,  which  at  first  increases  and  then  diminishes,  continues  at 
each  point  for  only  about  0.003  second. 

4,  Also  a  single  contraction  indicates  the  development  of  an  elec- 
trical current  in  the  muscle.  The  pulsating  frog's  heart  serves  as  an 
appropriate  illustration,  the  observation  being  made  with  the  aid  of  the 
electrogalvanometer.  Each  pulsation  causes  a  deflection  of  the  needle  of 
the  instrument,  and  this  talces  place  earlier  than  the  contraction  of  the 
heart-muscle  itself.  The  electrical  process  in  the  muscle  causing  the  nega- 
tive variation  precedes  in  general  the  contraction,  and  occurs,  therefore,! 
in  the  stage  of  latency.  In  the  coniraclion  of  the  wholly  intact  gastroc- 
nemius muscle  of  the  frog  stimulated  through  its  nerve  there  is  at  first 
a  descending  and  then  an  ascending  current. 

Careful  inveitigations  of  the  eleciric&I  procesBca  in  the  ptUsatLng  brart  have 
shown  that,  with  the  cardiuj;  pupation,  lirsl  the  base  and  inen  the  apex  of  tb* 
ventricle  becomes  nosative.     .\  Imef  latent  period  occur*  in  advance,     u  tha 
heart-muscle  is  placed  in  a  condition  of  relaxation  liy  imtatiun  of  the  v»pu,  a. 
positive   variation    i%  naturally  observed  in    the  muscle -current.     On  the  other- 
hand,  irritation  of  the  accclcra'tur  ners-e  in  the  mndition  of  arrest  due  to  muscann. 
even  when  ihc  pulsation  of  the  heart  is  not  stimulated  anew,  give*  rise  to  ncgauve 
vaxiation.  . 

Also  in  man  an  electrocardiogram  can  be  obtained  if  the  two  haiwi  are  ten- 
ted with  the  caoillarv  electrometer.    The  riaht  arm  exliibiw  thr  -'■ 


neeted  with  the  capillary  electrometer. 


lien  oi  the  Bam  of  the  bean,  th«  1^  arm  that  of  the  ane:c.  In  correi^ondence 
the  diflcnjnt  individtial  phases  <■•{  a  cyelv  of  thp  hrart  tht  elivtmcardio- 

i  IS  complicated.     Five  variations   appear  in  the  course  of  the  coniraciion : 

tint,  third,  iind  fifth  indicate  negKtivity  tjl  ihe  bate  ol  the  heairt,  the  Kr^ond 
and  fourth  negativity  of  the  apex.  Alto  the  two  muscles  of  the  ins  exhibit  nesa* 
live  variation  in  their  contraction.  Katurally,  the  descending  conttaciion-wave 
in  the  c»cii>hai:u!S  ubtcrvcd  in  tlie  act  of  swallowing  itt  attended  with  currr^i'iond- 
tag  electrical  phcncnncna. 

The  electrical  processes  in  muscle  on  simple  contraction  arc  exhibited  also 
bv  the  fruK- preparation.  If  a  segment  of  the  ner\*e  of  such  a  preparation  be 
^aced  upon  a  mui;cle  the  frog-preparation  twitches  ivhencver  the  muscle  is  mode 
to  contract.  If  the  nerve  of  a  frog-prep  a  ration  is  placed  upon  a  pulsating  mam- 
malian heart,  a  eontraction  talccs  place  in  the  leg  with  every  pulsation.  Thus, 
after  tlivision  of  the  phrrnic  nerve,  purticuiariv  cm  the  Icll  tiide.  the  diaphru^m 
eoDtracts  synchronously  with  the  heart>beat.  "ihis  ccFntr<iciion  is  designated  the 
treondary  coturaciion.  The  moving  niu»clc  itiiis  alintulaics  another  muule  appl>cd 
to  it.  This  phenomenon  occurs  rendily  if  thi'  muscles  employed  are  in  a  state  of 
beginning  dcsiceaiion. 

A  muM-le  in  a  .itute  of  tetanic  contraction  from  the  action  of  an  induced 
current  causes  iteomiary  Iclanns  in  a  frog- preps  rati  on  in  contact  with  the  muscle. 
The  liitLer  is  ccnaiilvrcd  an  evidence  that  in  Ihv  prccvss  of  negative  variation  in 
the  muscle  many  current-vaiSations  occurring  in  rapid  succession  mu*t  hove  been 
present,  at.  nnly  mpid  variations  of  this  kind  have  a  tetnnizing  effect  upon  the 
nerve,  and  not  1  mi g-pon tinned  current •  vnri a tifms. 

Also  when  the  muscle  is  in  a  slate  of  tetanic  contraction  (toad)  as  a  result  of 
voluntary  innervation,  or  uf  chemical  irrit.ttitm.  or  of  st O'chnin-poiscming,  Kecon>l- 
<ry  tetanus  Generally  does  not  take  place  in  an  applied  frog-preparation,  although 
I^v^  has  observed  secondary  strychnin -let  an  us.  comprised  of  from  6  to  9  c<'n- 
tractions  in  a  second.  Lipijmann  s  senintive  capillar}'  electrometer  (Fig  >>q) 
^80  shon-s  that  both  strycbnin-spasm.  as  well  as  the  voluntary  contraction,  arc 
duconLinuouacrocesacs.  The  slight  activity  of  chemical  irritants  is  explained  by 
the  fact  that  they  do  not  cause  tne  muscle-libcrx  to  enter  promptly  into  a  state  oi 
uniform  contraction.  In  case  of  voluntary  tetanus  ann  strychnin -tetanus  tlie 
electrical  pre-cess  takes  place  perhaps  «.'ith  insufficient  variation  in  the  current. 
For  this  reason  r1«.i  muscU-s  in  a  state  of  tetanic  eontrnction  in  the  normal  bcdy 
do  not  stimulate  adjacent  nerves  or  muscles. 

Biedermann  made  the  remarkable  olMervation  that  striated  mtisrle  under 
the  intiiicnce  "f  triher-vapor  it-  thrown  itito  u  state  in  which  nn  irritation  it 
exhibits  no  appreciable  altecalion  of  form  or  movement,  while,  on  the  other 
hand,  changes  uemunscrabte  with  the  aid  of  the  galvanometer  appear  at  the  point 
of  irritation  in  the  same  degree  as  prior  to  the  action  of  the  ctber.  as  an  expression 
d  the  irritation,  but  in  consequence  of  the  abolished  power  of  conduction  they 
are  capable  of  manifesting  themselves  only  locally. 

5.  If  a  nerve  resting  with  its  transverse  section  and  surface  upon  the 
"■elftctrotles  be  irritated  electrically,  chemically,  or  mechanically  (or 
also,  if  this  be  possible,  rellexly),  its  ctirrent  diminishes.  This 
negative  variation,  which  may  be  propagated  in  both  directions  in 
the  nerve,  is  made  up  of  periodic  interruptions  of  the  original  current 
occurring  in  rapid  succession,  as  in  the  contracted  muscle.     Hering 

■  was  able  by  this  means,  as  in  the  muscle,  to  indtice  secondary  contrac- 
tion or  secondary  tetanus.  The  e.x,tcnt  of  the  negative  variation  is  de- 
pendent upon  the  extent  of  the  primary  deflection,  upon  the  degree  of 
irritability  of  the  nerve  and  upon  the  strength  of  the  irritant  applied. 
Tbe  negative  variation  is  demonstrable  both  on  tetanizing  with  indi- 
vidual waves  of  irritation.  The  negative  variation  has  not  yet  been 
observed  io  wholly  intact  nerves. 

Hering  fo*ind  that  the  negative  variation  of  the  nerve-current  induced  by 
electricol  tetanisation  is  followed  in  general  by  a  positive  variation.  It  increases 
to  a  certain  degree  with  the  duriiion  of  the  irritation,  with  the  strength  of  ttte 
stimulating  cnrrents  with  eommencing  desiccation  of  the  nerves,  and  if  the  point 
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pr«>cflce  of  ftbundant  watory  secretioa,  the  firet  phase  preponderates,  white  wbca 
the  secretion  is  less  abundant  and  more  viseid  tn«  second  phaiic  pivpond^rates. 


CURRENTS   m    NERVES   AND    IN   MUSCLES  IK   THE 
ELECTROTONIC    STATE. 

!(  a  nerve  be  coiinectuil  with  non-jiolariaablerktlrndcs  in  such  a  manner  UiBt 
its  transvcrw;  section  is  »pjil)c-d  to  the  one  and  its  suil^ie  to  llie  otlier  (Pig.  iii, 
I),  tlie  niulliplicator  will  indicate  the  prrstiice  ol  ii  stronji  ncrvc^urrcnt.  If  ■ 
cunsInuL  cletlriciil  i-ttrrent,  de»iK"«ttcl  the  polarizing  current,  be  now  pasted  | 
ihroiigh  the  length  vi  the  extrcmiiy  of  thi;  nerve  projecting  t>e;fond  ilie  elect  rcxle. 
in  &  direction  which  coincides  with  Dial  of  thi^  current  in  the  ncr\-c.  the 
magneli«  iit-^dlc  cxhibitv  a  !>4i1l  more  marked  dcfli-ction,  as  a  sign  of  iDcrca»  in 
the  nerve-current — positive  [>ha«c  of  ck-ctrotwius.     Tliia  is  directly  proportiooal-j 

to  the  length  of  ner\'e  traversed  and  the  strenfftlij 

of  the  galvanic  current,  and  invrreely  to  the  ais*J 

tancc  Iwtween  the  jioriion  traversed  and  the  pot^i 

tioiiK  of  the  nerve  applied  to  the  pads.  J 

If,  with  the  nerve  in  the  same  pocition.  tht] 

constant  electrical  current  is  passed  in  a  direction 

opu-viitc  to  that  of  the  nerve-current  (II).  there  is 

u  iliminuticiii  in  the  electn>moiive  force  of  the 

latter — negative  phase  of  cicclrotonus. 

If  the  electrodes  arc  applied  to  two  points  on 
the  surface  «f  the  nerve  almost  equidistant  from 
the  equator  (III),  the  galvanometer  at  first  ex- 
hibits nn  dcHectioii  with  this  inetTectivc  arrangt^, 
mcnt.  If.  noiv,  a  constant  current  be  pafiwd] 
throuKh  the  free,  projcciijig  extremity  of  the 
nerve,  the  uiajiwtic  needle  cxhi)>its  electro- 
inoti\-c  activity  in  the  same  direction  as  the 
constant  current. 
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The  foregoing  experiments  demonstraie 
that  a  ner\'e  traversed  by  a  constant  elec- 
trical current  undergoes,  not  atone  within 
the  directly  traversed  portion,  but  also 
beyond  this,  an  alteration  in  its  electro- 
motive activity  that  is  designated  eleclro- 

ttltus.    This  alterfition  is  attended  with  a  change  in  the  irritability  of 

the  nerve-segment  in  question. 

The  clcctrotonic  current  is  strongest  near  the  electitides.     It  may  be  a  j  tine* 
str<7nj;er  than  the  resting  ncr^'c -current.     Its  strenf[th  tneivases  witti  the  strength 
of  the  constant,  polahung  current,  likewise  with  the  length  of  th»-  segment  Irv 
versed.     It  is  larger  upon  the  side  of  the  anode  than  upon  that  of  ihv  kathode.^ 
It  appears  with  the  closinc  of  Ihi^  constant  current,  while  it  reaches  its  ntaximunil 
earlier  at  the  kathode.     It  gradually  increases  at  the  anoile  and  decreases  at| 
the  kathode.     On  tetanization  it  undergoes  negative  variation  like  the  resting 
nerve-curronl.  while  the  polanzinx  current  ajipears  to  he  iirtrtigcr.     On  tl>c  other  J 
hand,  no  notcwonhy  dectroconic  increase  in  current  lictwecn  the  clcctnidea  casj 
be  observed  Iicyund  the  polarizine  current  itself.     Cold  has  a  marked  iahibitin| 
influence  upon  the  production  of  the  clwMrotonic  current. 

The  phenomena  described  occur  only  so  lottff  as  the  nerve  i<  irritable.     Ligation 
of  the  extremjiy  of  the  nerve  prtijccting  beyond  the  galvanometer-^irenit  ab^ishea 
the  phenomena  in  the  segment  bo  shut  off.     The  galvanic  electmtonic  alierationa] 
in  the  exirapolwr  wgments  deKcnt)ed — and  due  to  a  peculiar  diffusion  by  iihysical  [ 
ineanK  of  the  polarizing  currrnt — are  wanting  in  the  case  of  nou-m*duUaiea  nervea. , 
which    on    the    other    hand    exhibit     physiological    electn>lonu9.      By    ircattnr 
medullated  nerves  with  ether  the  pliyMologica!  elccirotonus  may  be  abolisbeo. 
while  the  phy&ical  phenomena  rcferrctl  tu  pendst. 

The  negative  variativo  appears  more  rapidly  than  the  elvctrotonic  incrtast 
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in  current,  so  Hist  the  lonacr  will  have  disappeared  before  the  elect n^tunic  in- 
crcwc  iti  current  i»  obwrvc*!;  lor  Hk  rapidity  of  the  cltctrotonic  ultcmtions  in 
current  is  less  than  the  profuigacion- velocity  o£  the  impulse  in  the  ntrvc. 
namely  only  from  S  to  ro  meters  a  ai^iond. 

Upon  thtf  elMtrotonic  proc«K!t  depends  the  stcondary  saniracti<yH  ^fo«  the 
u^rvt.  If  the  Bcialic  ntrrve  of  u  frDK-pn.'|inraiuin  be  applied  to  a  dividcil  nerve  anJ 
then  a  constant  cuirent  is  sent  tnrovfih  the  fre«  extremity  cf  the  latliT  (non- 
tlcctric^il  nerve-jlinitih  are  iiieflective).coni.rucln«i  takts plate  m  the  fn^E-pfcjuira- 
tioo-  This  occurs  brc&usc  the  elec-lrot^wiiiEini;  cunrnl  in  ( he  exciwil  tti-rxe  irritates 
the  adjacent  nerve.  On  rapidly  closing  and  opening  the  current  stvondary 
tetanus  results.  The  surnv  ruudilions  arc  obaervcd  in  connection  with  the  parw 
lioKtcai  contraclufii.  If  the  current  is  directed  to  one  of  the  two  branches  into 
which  the  severed  sciatic  ncr^'c  of  the  frog  divide*,  the  niiuKles  aupj>Iicd  by  holh 
nerves  contniet. 

If  the  conttant  current  is  opened.  ajttrcurreMs  appear,  which  according  to 
du  Bois-Reymond  ore  due  to  inienial  pnlariKation  In  ]i\-ing  nerve,  muscle,  and 
electrical  organ  this  internal  polariKation-cuncni  i&  ainays  positive,  that  is  it  has 
the  same  direction  i\%  the  primary  current,  when  a  stitBiK  priman,'  current  of 
short  duration  is  employed.  If  the  primiiry  rturent  be  of  greater  duration,  ne^^a- 
tive  poloriiation  eventually  results  Between  the  two  there  is  a  sta^e  in  which 
the  preparation  exhibits  no  pnlariiation  at  all.  Positive  polari/.niion  iinpears  p.ir- 
t^cularly  strong  in  the  nerve  M'hen  the  primary  current  has  the  same  aireetion  as 
the  course  uf  the  imptilttc  in  the  nerve,  in  the  inuiirle  when  the  ]>riniary  current 
passes  from  the  point  of  entrance  of  the  nerve  to  the  extremity  of  the  muscle. 
An  analogous  condition  is  observed  in  the  cleclrical  organ. 

The  muscle  likewise  exhibits  the.electrotonizing  eflect  of  tlie  con- 
stant polarizing  current-  A  constant  current  in  the  .same  direction 
intensifies  the  muscle- current,  while  a  current  in  the  opposite  dircr- 
tion  enfeebles  the  mtiscle-current.  The  effect  is.  however,  relaiively 
feeble. 


THEORIES  OF  CURRENTS  IN   MUSCLES  AND  NERVES. 

In  cxpluniition  of  the  currents  in  muKles  and  nerves  du  6oi»-Re>'niond  pro- 
posed the  Bo-ciilled  molecular  theory.  Aeeordinn  to  thiB.  nrrw-fibers  and 
mUGcle-hbers  contain  minute  molecules,  of  clectrmnotive  aetivity.  nrranged  sttC- 
cessively  m  seriet,  and  surrounded  by  a  conducling  mdiflereni  fliud.  The  mole- 
cules arf  in  a  TK>ri[">].'ir  eleetrical  state,  namely,  pmvided  with  a  pmsilive  equatorial 
zone,  directta  toward  the  surface,  and  two  negative  polar  surfaces,  facing  the 
iransvcme  wirtion.  Each  newly  prejiired  transverse  section  cxponea  new  negative 
surfaces,  and  each  ariilicial  lonKitin!iiinl  srclifn  new  [Kisitive  anas. 

This  arranKCrtient  explains  ihe  strong  currents,  for  if  the  positive  circuit  be 
connected  by  meant  of  a  clo^tni;  axv.  with  the  negative  transverse  aeciioii.  a  current 
must  pass  through  this  from  the  surface  to  the  transverse  section.  On  the  other 
hand.  th«  theory  does  not  explain  the  fccbli-  currents.  To  eomprehend  tJ»e»e  it 
must  be  assumed  that  the  electromotive  ailivity  of  the  molecules  15  enfeebled 
with  varying  rnpidity  on  the  one  hand  at  uncquaJ  distances  from  the  e^iuator,  on 
the  other  hand  at  unequal  rligtanre*  frtim  the  center  of  the  imnsversp  station 
Then  naturally  diflerences  in  electric  polentral  w-il|  develop  betwcer  the  mulecules 
of  greater  activity  uiu!  those  that  are  already  enfeebled.  Hit  mu*e!e*.  however, 
show  ttuit  their  natural  trannverse  secti^m.  that  in  the  exlremily  nf  the  tendon, 
docs  not  lieconic  negative  elect rically.  like  an  artihcial  section,  but  positive  in 
BTeaier  or  lesser  degree.  In  explanation  of  this  anotnalous  iilienomennn  du  Boas- 
Re>iiii>nd  believes  that  n  layer  of  eleclnjpo»itiv>:  muscular  sut/»tnncc  i^  still  prcfcnt 
at  the  cxtn-mity  of  the  tendon.  To  facihlntc  comprehension  he  coniiiders  the 
peripolar  elements  of  the  muscle  n«  ennaisling  each  o(  two  bipolar  eUnients.  a 
layer  of  the  h^tlf-elcnunt  heing  so  applied  to  the  ixtremity  of  the  tendun  that 
Its  poMlivc  side  is  directed  toward  the  free  Kurfaec  of  the  tendon  This  layer 
he  oeftignatcs  the  pari'i*cUon<Mttic  iaytr.  It  is  never  entirely  wanting  The  belter 
it  ig  dev'elopvd  the  greRter  m  the  absence  of  current  on  conduction  from  the  sur- 
face and  the  tendon.  If  psrclectronomy  be  well  developed,  the  e-xtremity  of  the 
41 
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tendon  may  even  become  prMtiTive  with  rcKpect  lo  the  surfAcv.    The  parekctro- 
oomic  Uycr  is  destroyed  by  cauterizalion. 

The  negntivA  v&riation  in  current  is  explained  by  a&siunirg  that  dunng  the 
activity  o(  muscle  and  ner%-e  the  tleclromotive  force  of  nil  of  ifie  raoleeulcft  i*  di- 
tninishi-d      On  partial  cuntniction  of  the  miisclv  the  enniraclrd  jiortinn  asGUtnct 
rather  tlic  chnractor  of  an  inditTereiit  conductor,  \t-hich  is  in  mmple  conducting 
cofineetion  with  llie  negative  zones  of  the  resting  content  of  the  muMnitar  fiben 
The  elrctroi»mic  current*  l>eyi>n(i  the  pcilf*.  jKirticularly  in  the  ncn-e- fibers,  rcquir 
a  special  explanation,  while  the  clccirotonic  state  of  the  muscles  extends  pnnci- 
pally  U>  tlw-  iiiirapolar  portion.      In  explanation  of  the  eWtrotonic  currents,  il 
IS  asEumctl  that  the  bijHilnr  molecTilcs  hn%'e  the  pn>periy  of  rotation.     The  polar-j 
iting  current,  however,  exerts  a  directive  influence  upon  tht  molecule*  ao  thalfl 
these  tuni  their  iie^ativv  surface   toward   the  aiioJi-  and   their  f^ositive   surfac^ 
toward  the  kathode.     In  consequence  the  molecule?  of  the  intrapolarEcgmcnt  arc 
arranged  like  llie  voltaic  pile.      In  the  portions  of   the  nerve  lying  beyond  the 
pole  the  moleculca  are  the  less  aecuratcly  arranged  the  farther  removed  they  ai«. 
Therefore,   the   deflection*  o(  the  needle  l>eeome  correspondinKly  feebler  in  the 
extra-p'>Ur  portions 

The  differential  theory  proposed  by  Hermann,  which  has  recently  been  6t 
veloped  by  Hering,  cxptaini  the  phenomena  in  a  satisfactory  manner.     Any  proti 
plasmic  siriictiin.-.  such  as  muscle,  ner%-c,  or  cell,  devclnps  no  currrnt  that  Cl 
he  conducted  outward  so  Itmg  iis  ila  metabolism,  that  is  the  iniemal  chcmScaP 
processes,  remains  the  same  in  all  parts.     Every  disturbance  of  this  equilibrium  in 
one  part  c(  the  protoplasmic  structure  causes  the  development  of  currents  that 
can  M  conducted  away.     Therefore,  (i)  the  protoplasm  at  the  point  when-  death 
oecun,  whether  from  ifjurj-  of  any  kind  or  from  degpncration.  becomes  electrically 
negative  with  respect  to  living  and  irritable  protoplasm,     (a)  The  protoplasm  i'n 
negative  at  pt'int*  that  are  irritated  with  reelect  to  those  that  nrmain  in  an  un- 
irniaied    resting   state,     (j)  The   protoplasm    brcoraes   electrically   positive    in 
warmed  situations,  negative  in  cooled  situations.     In  addition  it  may  t<e  stated! 
(4)  that  prutopUsm  :«  strongly  nolarixable  on  its  surface  (nerve,  muscle).     Th»^ 
constant  of  polarity  is  diminiithed  by  irritation  (and  death). 

1(1  detail  the  tollowing  statements  may  ycl  be  made  in  this  connectioD,  It 
has  been  shown  that  resting,  uninjured  and  absolutely  fresh  muscles  arc  entirely 
without  current,  as  also  arc  wholly  intact  ner\es  The  heart  likewise  is  fre*  fruni 
current,  and  also  the  muscles  of  fish  still  covered  by  skin.  As  the  akin  of  the, 
fry>g  posseswt  currents  of  its  own,  it  is  poMible,  with  special  precautions,  alt< 
destruction  of  the  cutaneous  currents  throtich  cauterants,  to  demonstrate 
here  the  freedom  from  current  on  the  part  of  the  frog's  muscles.  Furthertr 
L.  Hermann  found  th.at  the  muscle-current  ahva)-s  develops  cnly  after  the  lapse 
a  certain,  though  short,  lime  after  making  a  transverse  section. 

Al]  injuries  of  muscles  and  nerves  give  rise  at  the  site  of  injury  (the  iletnarca* 
tion-surface)  to  negative,  dying  tissue  with  relation  to  the  positive,  intact  tissue> 
In  this  way  is  to  be  explained  the  negativity  of  the  transverse  section  with  rclatic 
to  the  surface.  The  current  thus  developed  is  designated  by  Hermann  the  ' 
mareation-cunvtl.  If  potassium -sajta  or  muscle-juice  be  applied  to  cerlam 
of  a  muScIc  these  become  electrically  negative.  If  these  substances  are  agaifi 
removed  tho  negativity  of  these  parts  disappears. 

It  appears  to  be  a  phenomenon  peculiar  to  all  living  protoplasmic  tnbatanccs , 
that  after  injury  at  one  point  thin  iKTiimet  negative  on  'lying,  while  the  remainin|~' 
intact    portion   is  electrically   positive      Thus,  all   transverse  sections  ol  ljvim_ 
vcifetable  itirucmrc*  are  negative  with  relation  to  their  surface-     The  same  con* 
dition    is  observed  in   nnlmal  alruciures,  for  example  glands  and    bones.     The 
elertrical  organ  of  tiah  la  disctisscd  on  p.  67.^. 

ISnin^lniiinn  ha^  made  a  remarkaulv  observation,  dc  foimd  that  the  heart 
and  the  unstrinlcd  muscle-fi'Jerj  again  lose  the  negativity  of  their  transvem 
Mclion  if  the  divided  muscle-cclls  have  died  completi-ly  as  far  as  the  adjacent 
cement-substance  o(  the  ncighbonngcells:  while  n*r%-es  lose  their  negativity  when 
the  divided  Kegments,  each  corresponding  to  a  nnglc  cell,  have  died  to  the  hcsrert] 
annular  consiriction  of  Ranvicr.  Under  such  circumstances,  all  of  these  orgaf 
are  entirely  without  current,  for  the  entirely  dead  substance  reacts  essentially  as 
an  tnditTrrrnt  moist  conductor.  Also  muscles  divided  mibrntaneoualy  likewise  no 
longer  exhibit  negative  cut  surfaces  after  union  of  the  wound -surf an:s 

Nntwiihsi^andiiiK  all  of  the  foregoing  obser^'aiions  the  precxistence  of  currents 
in  resting  living  tissues  ciinnot  be  assumed. 
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An  alieratton  of  the  chemical  proocnes  in  a  part  ot  tfae  protoplasmic  structure 
may.  according  to  llcring.  have  such  an  eflcct  that  the  portion  thai  is  decom- 
posed (di&aimilatcd)  is  m-nativc  with  rcspt-ci  to  the  unaltered  portion,  but  alto 
chat  the  portion  that  is  replaced  (auimilatcd)  ia  jiooiiivv  to  thr  remaining 
portion.  Hciiug  thus  disitDguialics  ncgativt:  and  positive  alterations,  which  must 
give  nane  tocorrtepondiiiKcurrtTits, 

According  to  Grunhagcn  and  others  th«  eleclrutonic  currents  arc  due  to 
iat«roal  polariKation  iti  the  nervc-filwrs  between  the  conducting  tissue  ol  the 
nMve  ana  that  or  the  ihealh.  MativuccH  had  alivafly  found  that  if  a  virc  be 
covned  with  a  moiKl  nhvuth  and  the  lattirr  be  coniiectid  with  th*  c]cctrod<-s  of 
a  constant  circuit,  currents  due  to  polarixalion  appear,  n-wrnbling  the  elect  rot  onic 
currentii  in  nerves.  If  either  the  wire  or  the  moist  covering  be  interrupted  at  a 
given  point,  the  polarization -currents  do  not  pass  bevond  the  point  n£  ditcon- 
Cinuity.  The  polahKation  developed  at  the  surface  of  the  Hire  causes,  through 
its  transitional  resistance,  thu  cimilucti^d  current  to  pass  far  beyond  the  vicclrodea. 

Uuaclea  and  ncrw-s  consist  in  a  similar  manner  of  fibers  mrroinidcd  by  in- 
different conductor*.  As  soon  as  a  constant  current  ia  closed  on  the  sunace, 
internal  polariwtion  develops  bctw-ecn  the  two.  and  thia  gives  rise  to  the  vlcctro- 
tontc  diffusion  of  the  currtnt.  The  pfiUri7ntion  disappears  on  ojn-ning  the  current. 
It  can  be  rccogniaed  fn>m  Ihi?  fact  that  in  the  hving  nerve  the  galvanic  rcsisiAne« 
transverwiy  through  the  hbers  is  live  times  ax  great  and  in  muscles  seven  times 
as  great  an  through  their  length.  Receiitl,v  also  Bonittau  states  that  all  electrical 
phenomena  of  the  nerve  can  be  explained  if  it  be  considered  in  its  capacity  as  a 
conductor. 

With  reference  tf>  the  currents  dcvelfijird  during  the  activity  of  the  muscles, 
the  currents  of  action.  Bumstcin  established  the  doctrine  that  when  a  single  wave 
of  irritation  (conlraction)  passes  longitudinally  through  mnscle-fibcrs  that  are 
connected  at  two  p^iints  wiln  the  galvanometer,  that  point  below  which  the  wave 
passes  is  negative  with  reference  i>i  the  other.  Occasionally  local  points  of  con- 
traction are  present  in  muscle-preparationa  in  certain  situations  and  these  art 
negative  with  rehition  to  other  resting  points  of  the  same  muscle.  In  order  to 
explain  the  currents  that  appear  in  connection  with  tetanus  of  frog's  muscles  it 
must  he  a«£umed  that  the  extremity  of  the  tihers  takes  part  in  lesser  degree  in 
the  proci!«s  causing  the  negativity  than  the  middle  o(  the  fibers.  Thia  is, 
however,  the  caae  only  in  exhausted  musclea  or  in  those  in  proceis  of  dj-ing, 

As  will  be  pointed  out  on  p  fidj  ihceoniniction  fwcurringon  direct  application 
ol  a  constant  current  to  the  muscle  ukca  place  on  closure  of  the  current  at  the 
kathode,  on  opening  the  current  at  the  anode.  Il  will,  ihu.s,  (k;  clear  that  with 
the  closing  contraction  the  muscle  exhibits  negativity  at  the  kathode,  but  with 
the  opening  eontmction  at  the  anode.  These  facts  according  to  Hering  and 
Bicdcrmann  explain  the  afier-eiitTenla  considered  on  p.  6J7. 

If  a  muscle  is  made  to  contract  by  stimuiation  of  it*  nerve,  the  wave  of  ex- 
citation posaes  from  the  omnt  (•(  i-iitrvmee  ni  the  nerx'e.in  both  directions  and 
it  is  likewififl  negative  to  the  resting  omsclc  In  accordance  with  the  situation  of 
the  ontrance  of  the  nerve  into  the  muscle  the  ascending  or  the  descending  wave  of 
excitation  will  reach  the  extremity  (origin  or  attachmcntl  of  the  muscle  earlier. 
If,  therefore,  such  a  muscle  be  intrwliiced  by  its  upper  and  lower  extremities 
into  the  ciriruil  of  the  ealvanometer,  that  extremity  will  at  lirst  be  ncKanve  that 
is  nearest  the  point  oTcntraiice  of  the  nerve,  for  example  in  the  gaatrocncmlus 
the  upper,  nnd  l»ter  the  lower.  There  thus  appear  in  rapid  succession  tirst  a 
descending,  then  An  ascending  ciimfnl  in  the  galvanometer-circuit,  in  the  muSclc 
naturally  in  the  n.-wrte  nrtlrr 

The  same  conditions  are  observed  also  in  the  forearm -muselee  of  man.  If 
these  are  thrown  intn  cmitraction  (mm  the  nerve,  the  point  of  entrance  of  the 
nerve,  lo  cm,  below  the  elbow,  is  lirst  negative,  then  the  muscle -extremities  if 
the  wai-e  of  contraction  has  readied  the.te  points  with  a  velocity  of  (roin  10  to 
t^  meters  in  one  second.  In  this  exjxriment  the  brachial  gJexus  is  stimulated 
in  the  axillary*  cavity.  The  conduction  in  the  forearm  (in  the  upper  portion  and 
above  the  wrist-joint]  in  established  by  surrounding  the  skin  with  strips  of 
material  saturated  with  sine  sulphate.  The  strips  themsch'es  come  in  contact 
with  th*  paper  pads  of  the  non-polanaablc  electrodes. 

If  a  wholly  intact  muscle  tratr  from  current  is  made  10  contract  entirely,  no 
current  is  set  up  cither  with  the  indi\*idiiftl  conlmcliin  or  in  the  state  of  tetanus, 
bvcaune  at  the  same  mnmenr  the  entire  muscular  structure  passes  into  a  state  of 
irritation  and  into  a  lirmer  condition.     With  respect  to  the  nervm  also  it  baa  in 
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lilce  manner  been  tletennlncd  that  erer^'where  dying  and  active  conu-ntt  are 
negative  to  resting  narmul  contents. 

Attculion  may  yet  be  called  to  the  following  facts.  If  water  passes  through 
a  capilluo'  spACv  an  electrical  IU1>^'<:Inent  takes  place  in  the  sanx  direction.  So 
also  the  advance  of  water  in  the  capiliftrv  in tt-rsticcs  of  inamiuatc  structures 
(pores  of  a  porcelain  plate.)  i&  sttcudca  v.'itn  tin  electrical  movement  >n  the  same 
<nrectton  as  the  stream  of  water.  Exactly  the  tame  conditiems  prevail  in  the 
mov'emvnt  of  water  that  causes  the  swelling  of  a  body.  Landoie  has  pointed 
unt  that  imbibition  and  swelling  take  place  at  the  danarcation-surfaoe  of  an 
injured  muKcle  or  nerve:  further  that  swelling  occurt  also  at  the  contracted  por- 
tion of  a  muscle  in  consequence  of  the  Hl»^rptinn  of  fluid,  and  that  in  the  procesa 
of  secretion  mo\'eni«nt  of  fluid  lakes  place  from  the  blood  into  tlie  glandular 
cells  and  from  tlirsc  to  the  e-'cen-tor*.'  diict^,  Mvntitoi  should  finally  be  made  of 
•he  fact,  as  U.  Munk  found,  thai,  at  the  moment  of  closing  the  current  at  the 
anode  and  beyond.  1ue,i  of  water  and  iscreaM;  in  resistance  take  place  in  the  nerve: 
and  at  other  situations  and  beyond  the  kathode  the  reverse.  The  total  resistance 
of  the  distance  traversed  diminishes  at  lirst,  then  inerrases  with  accelerated  rapid- 
ity. On  openinR  the  current  neutralization  of  this  difference  rapidly  lake*  place. 
In  planlfi  electrical  phetiemcn.'i  are  fthserved  both  an  paKsive  henriinf;  of  portions 
of  plants,  as  of  the  leaves  or  the  stems,  and  also  in  active  movements  associated 
with  bendiniT  of  part.'!  ui  ihe  plains,  for  example  in  the  niovi-mentit  of  the  mtmoea. 
the  dionea.  and  nHii-r*.  The^ie  rlectromolnr  elliret.K  art;  bIso  to  be  explained  in 
all  probability  by  the  movement  of  water  in  the  parts  of  the  plant,  which  must 
take  place  in  their  interior  on  movcnu-ut.  The  tip  of  the  root  of  gcnninating 
plants  is  necali^t  with  respect  to  the  wcd-covering,  the  cotyled<>ns  pc«itive  with 
relation  to  all  other  portions  of  the  seedling.  In  the  incuoaied  bird's  egg  the 
embryo  is  positive,  the  yolk  negative. 


ALTERED  IRRITABILITY  OF  NERVE  AND  MUSCLE  IN  ELECTRO- 
TON  DS. 

If  a  living  nerve  is  traversed  throughout  a  definite  length  by  a 
constant  electriciil  (polarizing)  current  it  ])asses  into  tlie  condition  of 
altered  {rrilability  that  is  designated  the  eJcrtrotonic  state  or  .simply 
electrotouus.  The  condition  of  altered  irritnbility  extends  not  alone 
over  the  tfavcrscd  (intrapolar}  distance,  but  is  communicated  to  the 
entire  nerve. 

Pfliiger  has  discovered  the  following  law  of  electrotonus.  At.  the 
positive  i)ole  or  anode  (Fig.  23 j.  .5)  the  irritability  is  diminished  and 
anelectrotonus  prevails.  At  the  negative  pole  or  kathode  (K)  it 
is  increased,  and  the  increase  in  imtability  prcvaihng  here  is  desig- 
nated katelectrotonus.  These  alterations  in  irritability  are  most 
pronounced  near  the  poles. 

In  the  intrapolar  segment  there  must  naturally  be  a  point  where 
anelectrotonus  and  katelectrotonus  coincide  and  where  therefore  the 
irritability  is  iinaltctvd.  This  point  is  designated  the  itidifjtrenJ  paint. 
It  is  situated  in  the  case  of  feeble  airrents  near  the  anode  (*),  in  that 
of  strong  currents,  however,  near  the  kathode  (t„):  therefore  in  the 
first  instance  almost  the  entire  intrapolar  segment  is  more  irritable  and 
in  the  latter  less  irritable.  Exceedingly  strong  currents  greatly  dimin- 
ish the  eondueting  power  at  the  anode  and  they  may  even  render  the 
nerve  wholly  incipahle  of  conducting. 

AIsoBt  the  kathode,  bat  onlv  after  the  current  has  brcn  (or  «OTtK time  fUwniJC 
through  the  nor^-e,  the  irritability  is  diminished  and  ihc  nerve  ViecocMs  iwapaDV 
of  corMluciing. 

Bevond  ihe  elecUOdes  (extrapolar)  the  area  oi  aV~^tvA^^v»>^^\y 
is  the  "more  ucenslve  the  rtronger  the  current,       f  Mtr^SfJ-'**  '"*"^  ^ 
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extrapolar  anclectrotonus  is  greater  with  the  feeblest  oirrents  than 
that  of  extrapolar  katelectrotonus.  In  the  case  of  strong  currcntB,  this 
relation  is  reversed. 

Fig.  933  exbiblts  diagrammatical] y  the  relations  of  irritalrilit)*  of  a  nerve 
(V  «)  that  tc  irAvurwd  by  a  constant  currvnt  i«i  the  direction  of  the  amtw.  The 
curves  aiT  »o  conatrucied  thai  the  degrees  of  increased  irritability  in  tl>e  vicirity 
of  the  kaihode  (70  are  represented  ax  elevation*  aliove  the  )irf'rt-iirt-«-nunjr  the 
nerve,  iiiid  those  of  lowi-rvd  irritability  at  the  anode  (.4)  as  depressions  The 
cur%'c  m  o  I,,  p  r  represents  the  irritaUlity  of  tlic  nerve  with  Hiroiic  currents, 
the  curve  c  I  I,  h  k  thiit  wiih  curtL'iits  f.4  mi>di;rate  strength  and  liHally  a  b  i  c  d 
thai  with  (eebtu  current*. 

The  clcctri>t<rtiic  cllccts  increase  with  (he  length  of  oerv-e  traversed.  The 
alteration  of  irritability  in  kal  electro  tonus  appear*  at  the  moin*nt  o(  closure  of 
the  cireutl.  AneU-ctrctonii«  dcvrlcpt  and  extends  slnxily.  I^lcetrotonua  is 
diminiNhcd  by  cold,  and  by  heat  up  to  40".  At  30°  katckctroionus  is  increased 
and  aneloc  trot  onus  dinttnJKhed.  Also  with  induced  currents  the  anode  dinntusbeE 
the  irritability. 

'  If  the  polarizing  current  is  opened  there  is  at  first  a  reversal  of  the 
conditions  of  irritabilitv.    There  then  follows  a  transition  to  the  normal 
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State  of  irritability  of  the  resting  ner\-e.     At  the  initial  moment  of  closure 
Wundt  obser^'cd  that  the  irritability  of  the  entire  nerve  was  augmented. 

Testing  ElsctrotonuB  in  Motor  Nerves. — In  order  to  demonstrate  the  tawa  of 
electrotuiiu«  in  motor  n«r\-i-«  the  frnj;  ncTvc-muscIe  preparation  (Fijf.  933).  con- 
sisting of  the  kg  and  the  sciatic  nerve,  is  employed.  By  means  of  unpoiariiable 
electrodes  <Ftg-  ij$.  IV)  the  current  o[  a  constant  circuit  is  conveyed  to  the  nerve 
throiiKhouta  limited  distance.  An  irritant.  Kuch  a*  an  elrctricJil  sbocJt.  orcbenii- 
cal  irritation  by  the  application  of  sodium  chlorid.  or  nicchaiucal  irritation,  is 
now  applied  to  the  nerve  at  either  the  anude  or  tbe  kathode,  and  note  is  made 
whether  the  contractions  following  upon  the  irritation  vary  in  siie  when  tbe 
polarising  circuit  is  opened  or  when  it  is  closed.  The  contractions  Ihcmsclves 
may  be  recorded  from  the  ga«trocn«mia*  muscle  with  the  aid  of  the  myograph. 
The  following  examples  may  be  considered:  (d)  Dtscending  fxlrapifhr  antl^irtr- 
!mui.  that  is  with  a  dcseeiiding  current  the  irritability  at  the  ano<Ic  within  the 
txirapolar  section  is  to  be  tested.  If  in  such  a  case  (A)  the  irritant.  Bodium 
■  hlonil.  which  is  applied  at  R  while  the  circuit  is  still  ofMin.  giv««  rise  to  moder> 
nxxXy  lar^r  contracrions  in  the  leg.  these  become  feebler,  or  are  abotisbed.  at 
w»n  a*  the  conxtant  current  is  pas-ted  through  the  nerve.  After  opening  the 
current,  the  contractions  appear  again  in  th<rir  original  strength,  (b)  Descending 
cttnipyftir  kaulivtr^tonus  (Ak  The  irritating  salt  is  placed  at  R,.  The  contrac- 
tions induced  incrva.-«e  immediately  on  closure  of  the  polarising  circuit.  On  open- 
'iig  the  circuit  the  contractions  resume  their  previous  activity.  H  Atcending 
.•tira^lar  it-w/viT/fo/tNitij  (B>.  The  salt  is  applied  at  tf  The  contractions  of 
moderate   intensity  present   before  closure   of   the   circuit  b«onic  fM-blff  after 
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olonm.  (d)  AN:*ndiMf  txirapolar  katttettrMonus  (B).  The  lall  is  placed  at  r. 
la  this  cAse  &  di»titiction  muict  l>e  madv  in  accordance  n-ith  the  slrcngth  of  Uie 
polfiriiingcurrrnt:  (il  If  the  cutTcni  is  cxtrcmcljr  weak,  and  ii  can  Be  appro- 
priately regulated  with  iJjc  aid  of  ihe  rheoconJ  (Fig.  124),  increase  01  the 
cotitractionK  is  observed, after  closure  of  the  polanung  circuit.  (»)  If,  however. 
the  current  is  sirongcr,  the  comraciions  become  snvallcr,  or  they  arc  cvva 
wholly  abolished.  The  reason  for  this  tatter  apparently 
abnormal  ri-lntion  hts  in  the  fftct  that  under  the  in- 
fluence of  stronger  currents  the  conducting  power  at 
the  anode  is  diminiahcd  or  even  abolished.  Although 
in  this  case  the  talt  acts  upon  an  irrilnhle  segment  of 
ncn.'o  the  effect  does  not  appear  in  the  muscle,  at  the 
conduction  of  the  siimuluK  10  the  latter  is  iirevented. 

The  laws  of  clectrotonuscan  be  demonstrated  also 
in  an  entirely  isolated  nerve.     One  cxtn-nuiy  of  the 
nerve  i.s  applied  to  the  electrodes  of  a  jcatvanomcier 
for  the  production  of  a  strong  cuneut.     The  polarizine 
circuit  IS  applied  to  the  nerve  at  some  diatuticc.     If. 
now,  the  nerve  with  the  circuit  clo»«d  is  irritated  in 
the  ancl<^t«>tonic  iwgincnt,  as,  for  example,  by  induc- 
tion-shock!, the  negative  curreni-viiriaiion  is  feebler 
than  if  the  polarizing  circuit  were  open.     Convenwly, 
the  variation  is  stronger  if  the  irritation  lie  applied  to 
the  katelectrotonic  segment.     Also  the  extrapoiar  cur- 
renlt  apgieann);  in  electrot  onus  exhibit  the  negative  va< 
riation  when  the  nerve  is  irritated.     Kate  lee  trot  on  us  ts 
intenailied  by  the  action  locally  of  elevation  of  temper- 
ature, of  acida  and  by  tetanization,  while  anclcctro- 
tonus  is  diminished  b^-  the  same  influences. 
The  !aai  of  tUetrtitonuJ  has  bfff  dftnonstralfd  ah-?  ifi  liviKg  hnmaft  bfings.     II 
it  be  desired  to  test  eleetrotonus  in  !i\*inR  human  beings  the  conditions  of  the 
distribution  of  the  current  in  the  part  of  the  hndy  are  etpecially  to  be  considered, 
If,  for  example,  the  two  electrodea  are  placed  in  the  course  of  the  ulnar  neT\e 

iFig.  3jt4).  it  will  l»c  seen  that  the  currents  apin-aring  in  the  ner\-e  at  the  anode 
+  aa)  must  diminish  the  irriiabllity.  althou^  above  and  below  the  anode  (at 
c  c)  the  [lysitive  current  emerges  in  part  from  the  nerve  and  naturally  canses 
katclecirotonus  in  these  atuations.     In  an  analogous  manner  increased  irritability 
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prevails  immediately  at  tlie  pmnt  of  application  of  the  kathode  (at  —  e  O,  Init  in 
the  portions  of  the  nerve  above  iind   below,  where  (at  a  0}  the  positive   current 
(from  +>  enters  the  nerve-path,  the  irritability  is  diminished—anelectrotonus.    If . 
thus,  it  be  desired  to  apply  irritation  in  the  vi'mnity  of  an  electrode,  the  npplicalinra 
would  not  be  made  to  a  portion  of  the  nrn-e  whose  irritability  is  influenced  l»y 
thai  electrode.     In  order,  iherelore,  to  apply  the  irritation  directly  to  tlie  situation- 
occupied  by  the  electrode,  it  is  nccessan-  at  the  same  time  to  aipply  the  irritatjo.! 
through  the  electrode  itself,  for  cxfimplc  mrchantcally,  or  by  eWtrical  irr»t«t"*s» , 
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nng  the  jmtaUnK  current  simiOtsnrouxIy  through  the  path  of  the  poUrixing 
cufTcnt. 

Ttatlne  Elecuotonua  in  Inhlbitorir  Nerves.— In  order  to  attceitain  the  action 
ol  the  caruioiahibitor^  vazus  tibtrs  in  cicciroionus  Lnndois  proceeded  its  follows: 
U  dysptii;,!  be  excited,  in  rabbits,  ihc  number  of  hcan-btais  dimioithcs  bccnwsc  the 
dyspneic  state  of  the  blood  imtale*  the  cArdioinbibitvrj-  center  in  th«  in<d«ll» 
oblongata.  If.  und«r  nuch  conditions,  n  conrtjint  dcccertdinj;  cutrvnt  Applit'd  to 
the  Vftfus  U  closed,  the  ncr(.e  of  the  opposite  side  havitig  hern  prpvioualy  divided, 
tJw  number  of  pulse-beats  again  increaKes — deseendinR  txirapotar  anokctrutonue. 
If,  oil  the  oihtT  haiid,  the  sriiiretit  is  sent  through  the  nerve  in  an  ascpnding  direc- 
tion. ;he  number  of  hean-b>caiG  diminishes  Elill  funher  with  feeble  currents,  while 
witli  strung  currents  the  ruiiiber  incrvaseii — aM-endmi:  cxtrapolar  kKitlcctrutonus. 
From  the  foregoing  it  appears  that  the  action  of  the  inhibitory  nerves  in  electro- 
tonus  b  exactly  the  opposite  of  that  of  the  motor  ncrvcx. 

Testinc  Euclrolonua  ia  SenKwy  Verves.— In  a  decapiiulid  fro^  the  xci&iic 
nerve  on  one  side  is  disaecicd  free  and  isolated.  If  the  iier\c  be  irritated  ai  one 
point  with  sodium  chloric!  reilex  cufi  true  Lions  takt  pluee  in  the  uthcr  IcK  through 
the  intact  spina]  cord.  These  disappciir  at  soon  ns  0.  constant  current  is  closed 
on  the  nerve  in  aiich  a  manner  that  the  salt  is  situated  in  the  anelcx-troionic 
fegmenl. 

Testing   Eleclrotonui  in   Ifefvaa  of  Special  Sense. — Kat  elect  rot  onus   at   the 

central    extremity    increases    the    irritabihty    in    all    nerves    of   special    sense. 

in  greatefit  degree  in  the  eye  for  the  shoriest  Ughi-waves,  on  the  tongue  for  acid 

[.taste.     Anelccirotoiius  Bt  the  central  exlr»'mity  diminisJic^i  thf  eTectrira!  irrila- 

Iriliiy,  in  the  eye  in  least  degree  for  the  lonKcsi  waves;  at  ihc  lip  of  the  toii^c 

here  develop!*  a  aaliy  taste,  on  the  posterior  portion  a  bitter  taste.     At  the 

Qoment  of  closure  or  of   opening  there  occur  aU>no  in  the  c>'e  and  the  ear  eo- 

eallcd   Jiashcs.    These  result,  however,   only  when   muscular  contTsctions  take 

[plac<  al  the  same  time.     They  are,  therefore,  caused  in  the  eye  solely  by  surfden 

iniovemcnt  of  the  eyvboll,  and  in  the  ear  by  that  of  the  muscle*  of  the  auditory 

EsiclcB,  which  are  BtiilHcnly  contracted  strongly. 

In  tlie  muscle  the  intrapolar  segment  is  in  a  state  of  altered  irritability 

[during  electrotonus.     Also  the  delay  in  conduction  extends  only  to  this 

ca. 

To  the  question  as  to  the  real  nattire  of  the  galvanic  efFects  Loeb 

replies  that  probably  all  electrical  effects  upon  Itvinjj  tissues  are  only 

indirect,  that  those  effects  that  are  designated  elettrical  are  in  reality 

only  the  chemical  and  molecular  effects  of  the  ions  or  the  combinations 

.formed  by  them. 
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THE  DEVELOPMENT  AND  THE  DISAPPEARAWCE  OF  ELECTRO- 

TOITUS. 

THE  LAW  OP  COHTRACTIOH.     THE   LAW  OF  POLAR   STIMULATION. 

Both  at  the  moment  of  development  and  at  that  of  disappearance 
of  electrotoims.  therefore  on  closing  and  on  opening  the  circuit,  the 
nerve  undergoes  irritation  1.  On  closing  the  circuit,  this  stimulation 
occtirs  only  at  ihc  kathode,  at  the  moment  when  lialelcctrotonus  de- 
velops. 3.  On  Oldening  the  current,  the  stimulation  t.xkes  place  only  .-Jt 
the  anode,  at  the  moment  when  anclcctrotonus  disappears.  ,^.  Of 
these  two  stimuli  that  attending  the  development  of  katelectrotonus 
is  stronger  than  that  caused  by  the  disa^>pearanc<>  of  anelectrotonus. 

That  the  stimulation  on  opening  the  current  occurs  at  the  anode  was  dem- 
onstrated by  Pllugvr  ill  the  (ollowinjt  m.umt-r  with  the  aid  of  Ritter's  opening- 
tetanus.  The  hitler  consists  in  iJie  development  of  tetanus  of  some  duration 
after  the  openinj^'  when  a  strong  constant  current  is  passed  through  a  nrrx'C- 
Moment  01  considcrabtc  length.  If  the  current  is  a  descending  one.  tliis  tcianua 
ceases  immediately  on  division  of  the  intrapolar  ntrvT-scjpitent ,  an  evidence  that 
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th*  (tetanic)  irritation  emiintttcs  from  the  Cnow  Ecparatcd)  aaode.     If  tb«  current 
is  an  ascending  one  the  same  operation  falls  to  cauM-  disappearance  of  tttc  tetanus. 
PflAjjer  an<l    v.    Biriold    found    further  evidence    in  fiivtir  of  the  view  that  the 
closing  coniraction  is  due   to  irritation   at  the  kathode  and   the  opening  con- 
traction   irom  tlic  anode   in   the   fact  that   they  obsena-d  with  the  desi-eDdiof  I 
CHtrent  the  closirji  conlractif'n  lake  place  earlier  niter  the  momml  oi  closure' 
and  the  opening  contraction  later  after  the  moment  of  opening  in  the  musetc. 
and  conversely,  with   the   n>uvndinj;  current  the  closing  contraction  later,  the 
opening  crtntniciion  earlier,     Thu  dirten-wce  in  time  oloerx'ed  c">rre«pondB  to  the 
time  n-'iuired  for  the  profiagatinn  of  the  stimulus  through  the  intrnpolar  se^ent. 
If  a  large  portion  of  the  mcrapolar  segment  of  the  nen-e  of  a  tr^i);- preparation 
be  made  inirri table  by  application  of  ammonia,  only  the  cleclr<wle<lirrclea  toward! 
the  muscle  will  have  a  stimulating  influence,  therefore  with  a  descending  current 
closure  and  with  an  jiscending  current  opening. 

The  law  of  stimulation  is  applicable  to  all  kinds  of  nerves. 

Tlu  Law  of  CatiUiiCti-in. — The  contractions  occurring  on  closing  and  opening 
the  circuit  exhibit  diSerencea  in  accordance  with  the  dirt£tian  and  the  sirrugth  of 
thectirrenl 

Kxceedingly  feeble  currents  cnuse,  in  accordance  with  the  third  of  the  fore- 

K'ngpropositionB.  and  whether  descending  or  ascending,  only  clodng  contraction, 
e  disappearance  of  anelectrtitonuK  is  such  a  feeble  stimulus  that  the  aarve 
does  not  react. 

Currents  of  moderate  strength,  whether  ascending  or  descending,  cause  con* 
traction  both  on  dosing  and  tm  tiinning. 

Exceedingly  strong  descending  currents   cause   contraction  only  on  closing. 
Contraction  on  opening  is  wanting  because  in  tlic  state  of  cleetrotonus  with  ex- 
ceedingly  alrony    current*    nlmoil    ihi;    cTitirc    inlrapolar  segment    has   bec<Mne, 
incapable  oi  conducuon      AKcending  currents  caui*  contraction  only  on  opening 
for  tnc  same  nason      The  mtiwle  remains  in  contrBCtiim  (cloeing  tetanus)  durinj^ 
the  period  of  clnsure  with  currents  nf  a  definite  strength. 

Polar  ertect*  may  lib  observed  aluo  in  connection  with  rapid  variations  brought 
about  by  the  induced  current  These  cause  irritation  to  a  certain  degree  only  at  tbe^ 
kathode  in  their  dcxclopnicni.  At  the  anode  the  irritation  is  feebler  on  o[wnin| 
and  the  irriLabilily  nf  llu-  nerve  i.s  iliinininheil  in  this  nituation.  Pmin  this  point 
of  view  the  phenomena  of  so-called  /ly/vrNmrimo/  ci'itfactiiyns  and  dtfieiency  are 
to  be  explained.  If  the  nvrvc  of  a  Xrog- preparation  is  stimulated  by  a  dcscendingl 
current,  which  is  gradually  increased,  the  contractions  at  first  increase  in  extent 
with  incren*c  in  the  intcniiity  of  the  irritation.  On  further  increase,  hou-ever.  the 
extent  of  the  conl raetiomt  no  longer  increases.  If,  now,  the  increase  be  continued 
still  further  the  height  of  coiuiuction  again  increases — liyp,-rntaTinial  ci>nira£li»H. 
It  is  only  wttli  this  last  iittennity  of  action  th.it  the  anixial  ojx-ning  stimulation 
manifests  itself,  and  this  is  added  lo  Hie  katJiodal  closing  stimulaliim.  which  at 
flrat  is  alone  elTcctivc.  If  in  nn  analogous  mnnner  the  irritation  be  applied  by 
means  of  an  ascending  current,  the  contractions  will  be  observed  to  increase] 
at  first  wuh  increase  in  the  jslrrngth  nf  the  curri.'iit;  then  with  further  incrcass 
the  contractions  become  smaller  and  they  may  for  a  time  be  entircljf  wanting — 
dffieitHcy.  This  omission  iii  explained  by  the  action  of  aneleclrotoiius  in  rendering 
conduction  ditficu.lt.  If  the  increase  be  made  still  greater,  the  contractions  appear 
again  and  they  become  still  greater — hyfvrmaxitKQl  icnlrM:iionj.  This  last  phe- 
nomenon i«  i-xplicftble  by  the  i-lTi-ets  of  anodal  ojiening  stimulation.         , 

The  nerve  in  process  of  dying,  with  chanKc  in  irri^.^bility  according  to  ll 
law  of   Kitter-Valh,  also  exhibits  a  moditicd  contract  ion -law.     In  the  stage  < 
increased  irriial>ility,  feeble  currents  in  both  directions  cauae  only  closing  cm- 
traction.     In  the  succeeding  stage  of  commencing  diminution  in  irrilattility.  fecbk^ 
currents  in  both  directions  gi\x  rise  to  conimctton  on  closing  and  on  opening. 
Finally,  in  the  stage  of  greatly  diminislied  irritability  the  aescetiding  currenl 
causes' conirActinn  only  an  cli«ing:  the  ascending,  contraction  only  on  opening 

As  the  vani^iis  stages  of  irritability  advance  ihnvugh  tht-  ner\*e«  centnfugnlly. 
the  diflercnt  stages  may  often  be  nbserved  simultaticously  in  different  u-gmcnts 
oi  the  nerve  .\ccording  to  Valentin.  A  Pick.  CI.  Bernard.  SchltT.  and  otbm. 
the  living,  wholly  intact  m-rve  exhibits  only  closing  coin  tactions  wnh  the  cummi 
in  cither  direction,  but  also  opening  contractiocu  with  currents  of  coiisidersbk 
sirengih. 

Eckhard  observed  in  living  rabbiu.  with  currsnta  of  moderate  strength,  paaoag 
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throuch  the  hyiioRlovMl  ticrvc,  twitching  cif  oae-half  of  ibe  tongue  (instead  of 
contraction)  on  opening  the  circuit  of  an  aKcendinjc  current  and  a  aimilar  mani- 
festation on  closing  the  circuit  of  a  descending  current, 

Ptlui;«"  h4»  reprewenltd  the  cijiitraclion-Iaw  dingntminatically  According  to 
him  the  m<i|cculc5  of  the  icsting  nerve  arc  in  a  Btatc  of  a  ccFtain  moderate  degrf'C 
of  mohility  In  katelcetrotonuB  the  mobthtv  of  the  noolecuh's  is  inereast'd.  w-hile 
in  anelectroionuB  it  is  diminished.  Accortfingly,  stimulation  is  prudueed  if  the 
nerve -inoli-euks  paut  from  the  state  of  moderate  mobility  into  that  of  free  mobility, 
or  if  they  past  from  a  stat«  of  dirKcult  inoliihly  into  odc  oI  modi:ratc  mobility 
(of  rert). 

Analogoua  phenomena,  such  aa  are  yielded  by  the  contraction-law  for  the 
motor  nervea.  can  alao  ^x  estahliithed  (or  the  inltibili^ry  nerves.  MoIcBchott, 
V.  Bccold.  and  Dondcn  have  examined  the  cardiae  brandies  of  the  \-Rgu8  in  this 
connection.  Tbc  results  correspond  entirely  with  those  obtained  with  motor 
nerws,  except  naturally  that  inhibition  of  the  heart's  action  oecurs  in  this  in- 
stance, instead  of  the  contraction  that  takes  place  on  stimulaiion  of  a  motor  nerve. 

The  .■nni%ory  n^rvrt  likeuisw  react  in  a  similar  manner,  although  it  must  be 
hnme  in  mind  that  the  rfarting  organ  in  this  instance  is  situated  at  the  central 
extremity  o(  the  nerve-tract,  while  in  the  case  of  the  motor  nerve  it  is  situated 
at  the  iieriphiral  extremity,  in  the  muscle.  Pflilgcr  studied  the  influence 
of  closure  and  opening  on  sensorj-  nerves  by  observing  the  r»■^uUing  reflex  con- 
traction Feeble  eurrcms  caused  contraction  only  on  closure:  currents  of  mod- 
erate strength  cuntrncCion  on  both  chiaurf  and  opening;  strong  descending  currents 
contraction  only  on  opening,  and  a.tcenLlnif;  currents  contraction  only  on  clo«ng. 
Applieil  to  the  skin  of  man  ftehli^  currents  give  nse  to  nensation  only  on  closing 
with  the  current  passing  in  cither  direction;  while  strong  descending  currents 
give  rise  to  leniation  only  on  opening,  and  strong  ascending  currents  only  Oil 
closiirr,  Unnng  the  cloKiirfT  of  the  circuit  there  is  a  prickling,  burning  sensaiion, 
which  increases  w*ith  the  stnmKth  of  the  cum-nl.  The  phenomena  (M-msationa 
of  lisht  and  of  sound)  observed  in  the  nerves  of  special  sense,  are  analogrma  to 
the  |(in;soing. 

In  the  muictcs  the  con  traction -law  is  tested  by  Iceepint:  one  extremity  stretched, 
so  that  it  cannot  shorten,  and  closing  and  opening  the  circuit  in  this  situation. 
The  movable  extrtinitv  then  exhibits  the  same  law  of  contraction  as  if  the  motor 
nerve  wcrt-  »limutatcd.  On  closing  \hv  contraction  beyins  at  the  kathode,  on 
opening  at  the  anode. 

E  Htring  and  Bicdcrmann  demonstrated  more  thoroughly  in  this  connection 
that  CQniructiunK  on  closing  and  opening  are  purely  polar  effects.  Thty  found 
that  when  a  feeble  current  is  passed  through  the  muKClc.  the  lint  result  that  ap- 
pears is  a  small  contraction  confined  10  the  kalhodnl  half  of  the  muscle 
Irtcnase  in  the  strength  of  the  current  causes  greater  contraction,  which  extends 
to  the  nno<le,  but  is  feebler  nt  this  point  than  at  the  kathode.  At  the  tiamc  time 
the  muscle  remains  in  a  state  of  permanent  contraction  durinR  the  period  of 
closure.  On  o>>eninf .  the  contraction  lakes  place  from  the  situation  of  the  anode. 
Also  after  opening  the  mu«cle  may  remain  for  some  time  in  a  state  of  cohItw;- 
tion.  which  censes  on  closing  the  current  passing  in  the  same  direction.  The 
law  of  polar  effects  manifests  itself  also  in  the  unstriated  muscle  of  the  ex- 
cised uterus  and  intestine  kept  warm:  also  in  the  isolated  ventriclr  of  the  frog, 
ac  well  as  in  the  mu.sculocutancons  tul>e  of  worms  and  holothurians. 

In  some  animals  apparent  deviations  fn^n  the  fon^goiiig  law  of  Pflligcr  occur, 
but  these  arc  only  apparent.  They  arc  caii,"«-d  by  the  actions  of  ion.%  induced 
in.  part  by  tin-  internal  and  in  pan  by  the  external  polarixation.  In  the  rroto- 
plasnaic  curreni  in  chars  Honnann  obscr^'cd  with  each  stimulalivm — attended  with 
a  wave  of  negativity — sudden  arrest  of  the  movement  analogous  to  a  musctilar 
contraction.  In  this  instance  there  is  thus  a  law  of  arrest  mstead  of  a  law  of 
cdtitraclion , 

Destruction  of  the  extremity  of  a  muscle  by  variotts  procedures  gi\-es  rise  to 
diminution  of  irriiability  in  the  neiKhl>oTiii>oi!  of  the  portion  destro),-ed.  There- 
fore, the  polar  effects  in  such  a  situ.itioi:  are  buT  feeble.  Also  moistening  svich  a 
poiui  with  mcat-infusion.  pma-ssium  hydioxid.  or  alcohol  diminishes  the  polsr 
effects  locally,  while  sodium-sidts  and  vcrairin  increase  them. 

Under  certain  circumstances  not  only  peminnent  irritiition,  but  alsocontrac- 
"""■  IJ^y  Tpcar  at  both  extremities  of  a  muscle  on  passing  a  current   longi- 
tudinally througi,  it,   for  example  after  dcstcaction  of  one  of  its  extremities,  or  in 
CAxw  of  peripheral  muscular  paralysis  in  man.  during  cIobutb  as  well  as  after  open- 
Mgo/ a  galvanic  ctirrent, 
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Tlic  pcni&tcot  moderau  shorteninx  of  the muKc-le — contiiniedclcaingcootrac- 
tion  (FiK.  11)4.  IVl — At  limes  observed  during  the  period  of  closure  of  the  circuit, 
is  due  lo  the  abnormal  persistence  of  ihc  kathodsj  cloetng  excitation  {with  strMig 
stimuli  in  dytni;  uiusckii.  or  in  the  inuK-l<;«  of  cooled  wintcr-frofpf) ,  Also  ovcnine 
a.t  times  xivei  ri*cto  a  Eimilar  contracttonoriKiniitini;  At  the  anode.  TreMment  <n 
the  muacle  with  »  [x^reent,  uxlium-ehlorid  solution  containing  ftodium  carbonate 
increases  the  permanent  contraction  considerably,  and  it  appears  occastonally  as 
rhythmic  Khortening. 

H  the  entire  muscif'  iK  inti^^duced  into  the  circuit  the  closing  contraction 
predominates  when  the  current  pAsiies  in  either  direction.  During  the  period  of 
closure  a  permanent  comriiction  is  inost  msirkt-d  with  the  uxcenduig;  current. 

It  is  n  rcmarkiililf  f.ict  that  the  lonstant  current  has  an  effect  upon  a  muacle 
in  the  state  of  permanent  contraction  entirely  opposite  to  that  upon  a  relaxed 
muscle.  If  A  conalaDl  current  he  paueii.  by  uieantt  of  unpolarisable  ctcctrodcs, 
lon^tudmully  through  a  muscle  in  n  state  of  permanent  contraction,  for  example 
an  n  result  of  poinming  with  veratrln,  or  through  the  contracted  verjtncle,  relaxa- 
tion begins  on  cIoBiire  at  the  anndc  and  extends  rJionce.  On  opi-ning  the  current 
in  the  permanently  coniracted  muscle  the  relaxation  takes  place  from  the  kathotle. 

In  correijponueiice  wiili  these  remarkable  pheiiumena.  ilie  currem*  in  the 
muscular  subsUtnce  appear  in  accordance  with  the  law  that  ev-ery  contracted 
portion  is  negative  with  relation  to  evcr>-  resting  portion  of  a  muscle.  Perhaps 
tlic  experiments  of  Pawlow  throw  light  upnn  these  observations.  This  Dfaseryer 
found  that  the  nphinctcrs  of  mussels  contain  nvn'c-libers.  irritation  of  wfajcli 
causes  the  prodAiction  in  the  muscle  of  a  state  of  relaxation. 

If  a  ner\'e  or  muscle  lias  been  traversed  for  a  considerable  time  by 
a  constant  current,  permanent  tetanus  often  appears  alter  the  opening — 
so-called  Rittcr's  ijpcntnjj  tetanus.  This  is  abolished  by  closing  a 
current  passing  in  the  original  direction,  while  the  closing  of  a  current 
in  the  opposite  direction  increases  it — Volta's  alternative.  The  per- 
sistent passage  of  ilie  current  increases  the  irritability  for  the  opening 
of  a  current  in  the  same  direction  and  for  the  closing  of  a  current  in  the 
opposite  direction;  while,  conversely,  it  diminishes  the  irritabihty  for 
the  closing  of  a  current  in  the  same  direction  and  the  opening  of  a  current 
in  the  opposiie  direction. 

According  to  Grut*n^r,  Tigerstedt,  and  others,  the  cause  for  the  opening 
contraction  resides  in  part  in  the  development  of  polarising  after-eurrenta.  Th« 
imtating  effect  of  the  kathode  is  dependent  upon  the  escape  of  water  at  thiJ 
point  Kngrlmann  und  Orunhagen  explainc^d  tho  0{M»itng  and  cloKing  tetanus  in 
a  ditTerent  m.miier,  namely  as  due  to  latent  stimulation  of  the  prepaied 
aer\'c.  as  a  result  of  drying  and  Huctualion*  in  temperature,  the  stimuli  Dctns 
in  themselvcK  too  feeble  tu  cause  tetanus,  but  liecimiing  effective  when  increased 
irritabihty  of  the  nerve  is  set  up  in  the  vicinity  of  the  kathode  after  closiog.  in 
that  of  tlic  anode  after  opening. 

Biedemiiuin  ^huwed  that  under  certain  circuoulances  two  opening  contrac- 
tions could  be  observed  in  succession  in  the  Irog-nerve-preparation,  of  which  the 
second  or  later  correspond*  to  Hittcr"fi  tetanus.  The  first  of  thci,e  contractions  is 
caused  by  the  disappearance  of  anelectrotonus  in  Ihc  sense  of  Plliigi-r.  The 
second  is  to  be  explained  like  Hitter's  opening  tetanus  in  the  sense  of  Engelmann 
andOrunhaifi-n. 

Pathological. — The  nbscrvalion  is  rarely  made  in  morbid  conditions  of  the 
nervous  system  (hysteria)  chat  after  interruiition  of  nn  electrical  current  through 
a  nerve,  tetanic  cuntractiuna  persist,  and  this  ba&  been  appropriately  dcsigoatcd 
the  nturotonic  ttaeiion. 

Simultaneous  Aetioa  ot  the  Constant  Current  and  the  Inherent  Curreat.— The 
Action  at  Two  Currents.  In  the  Irog.prcparatifn  .irr.vng.d  ff.r  toslmg  the  con- 
traction-law. a  di  tiiaroition-current  naturally  occurs  in  the  nerve  If  a  faable, 
nriiliciul,  BtunulatiniJ  eurri-'nt  be  apphed  to  such  a  ner\'e  interference-pheootMiia 
may  occur  belwpi-n  these  two  currenln  The  closing  of  an  exeeedinicly  (ecbto 
coostanc  current  causes  a  contraction  that  is  n-ally  no  cliwinj:  contraction,  but 
is  due  to  opening  (cimduciiotj)  of  a  branch  of  the  dcm.irc  at  ion -current.  Con- 
versely, the  ojjcning  of  an  exceediniily  feeble  constant  current  may  cause  a  coo- 
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traction  that  is  due  really  to  dosing  of  the  nerve-current  branch  pieviouBly  di- 
verted in  ci}asequ«iic«  of  M.-concfar>-  cloaure  {ttircFtich  the  dtxlnxlefl). 

If  3l  motor  ncn'c  is  Acted  on  simultMicou^)'  by  tiro  induced  currents  the 
following  two  rc-sults  are  possible.  One  induced  current  may  be  so  feeble 
that  th*  nerve  is  not  irrital*d  by  it  to  the  point  of  conlraclioii.  while  ll»e  other 
induces  only  a  fe«bl«  contraciion.  In  this  event  the  tnframinimal  current  plavs 
the  part  of  a  feeble  conitT-Kiit  current,  .itiii  the  Kizc  of  the  cnntrnctJon  depends  only 
upon  whfiher  the  cffcctivi-  irritating  currpni  is  applied  near  the  anodn  or  the 
kathode  of  the  infraniinimal  curnrnt.  If.  however,  two  atiniulaiing  currents  of 
unequal  »tivni[th.  icpiiraied  liy  a  conxiderablc  distance  frr>m  trucli  irther,  in  order 
CO  exclude  elcctrotonic  c(T<-cts,  arc  applied  to  a  nerve,  and  each  of  theiti  alone 
it  effective,  thcj  same  result  occurs  a*  if  the  strongtr  stimulus  alone  were  applied. 
The  feebler  wave  of  aliniulaa  is  lost  entirely  in  the  stroiiKer. 

If  in  raan  a  nerve  1.1  compressed  and  the  allectvd  portion  of  the  body  is  ren- 
dered ancRiic  by  comnrctcinn  of  its  artrries,  the  opening  contractions  soon  pre- 
dominate greatly  and  Kiithodal  opening  contraction  in  greater  dogroo  than  anodal 
opening  contraction — Ci^ttipressian-rcilClwtt  of  R.  Geigl. 

RAPIDITY  OF  CONDUCTION  OF  THE  STIMULUS  IN  WERVES. 

If  a  motor  nerve  is  stimulated  at  its  central  extremity  the  impulse 
is  propagated  like  a  wave -movement  through  the  course  of  the  nerve  to 
the  mustlc  with  great  rapidity,  which  in  the  case  of  the  sciatic  nerve 
of  the  frog  is  equal  to  37.33  meters  in  a  second,  for  the  motor  nerves, 
and  m  that  of  man.  33.9  meters. 

The  rapidity  of  conduction  is  apparently  less  in  the  \*i«eeral  n«fves;  for  «x- 
anisle,  8,»  meters  in  the  pharyngeal  tiber*  of  the  voijiui.  Predehcq  and  von  de 
Veide  found  the  rate  in  the  intitor  nerve*  of  the  lubster  to  be  6  meterK, 

ITie  propagation-nitiidity  of  the  wave  of  excitation  is  suBceptiblc  tn  vanona 
influences.  Ii  w  reiaracri  tiy  cold  and  also  by  considerable  beat  a[:plied  to  the 
nerve,  by  curare,  and  by  anrtectrotonus.  while  it  in  increawd  by  Icaielrctrotomis 
in  the  freely  exposed  iier\'c.  It  varies  with  the  length  of  the  conducting  portion 
of  nerve,  but  it  increases  with  the  strength  of  the  stimulus,  though  not  at  first. 
The  power  of  con<hiction  is  diminished  in  the  aneleclrtnonic  portion, 

fflethod. — ^v.  iiclmholti  determined  the  velocity  of  propagation  of  the 
impulse  for  the  motor  ncrws  of  the  frog  according  to  the  method  of  Pouillct, 
which  is  bas.?d  on  the  fact  that  the  needle  of  the  ffalvanomeler  is  deflected  by  a 
constant  current  of  short  duration,  'ITie  dcfiret;  of  detleciion  w  proportional  to 
the  duration  and  the  strt-ngth  of  the  current,  which  is  known  in  this  instance. 
The  method  itself  is  bo  applied  that  ilie  Jime-meaBuring  current  is  closed  at  the 
moment  that  the  nerve  is  imtaied,  and  it  is  again  opened  when  the  muscle 
contracts.  If,  now,  the  nerve  is  irritated  first  at  the  central  cjitremity  and 
then  close  to  its  entrance  into  the  muscle,  the  time  between  the  beginning  of 
the  stimulation  and  the  contraction  will  in  the  latter  event  be  shorter,  and 
tbercfurt  tht  dvllcction  of  the  galvanometer  will  be  less,  than  in  tha  first  case, 
aa  the  stimulus  must  pas»  through  the  entire  nerve  to  the  muscle.  The  tbflerence 
between  the  two  perio<Is  of  time  is  the  propagation -time  for  tha  stimulus  in  the 
portion  of  nerve  examined. 

Pig.  3J5  IS  a  diagrammatic  representation  of  the  arrangement  of  the  experi- 
ment. The  galvancmeter  G  is  introduoed  into  the  (still  open)  circtiit  a.  b,  c,  d. 
e.  i,  g.  h.  yielding  the  timc-mcaBuring  current.  Closure  is  ctTeclcd  by  depressing 
the  lever  S,  the  platinum  plate  c  o(  the  pivoted  arrangement  W  being  tilted  dowQ 
by  d.  At  once,  with  the  uccurrcnce  of  closure  the  magnetic  ueeiUc  in  dcficclcd 
and  the  extent  of  the  deflection  is  noted.  At  the  same  moment  that  the  current 
between  c  and  d  is  closed  the  primary  circuit  of  the  induction-apparatus,  k,  t, J>. 
O,  m.  I,  is  opened  by  raising  the  extremity  of  the  pivoted  arrangement  at  i.  By 
this  means  an  opening  current  is  indvtccd  in  the  induction -spiral  R,  which  stimu- 
lates the  nerve  of  the  suspended  frog's  kg  at  n.  The  impulse  is  propagated 
through  the  nerve  to  the  muscle  (M);  the  latter  contracts  as  soon  as  uie  im]iulsB 
reach^  it.  and,  by  raising  the  lever  H.  which  can  be  rotated  about  x,  opens  the 
time-measuring  current  by  means  of  the  double  contact  c  and  f .  At  the  moment 
of  opening,  the  further  deflection  of  the  magnetic  needle  ceases.  The  contact  at 
f  coosisls  of  a  mercurial  dome  drawn  out  to  a  thread.     If,  after  the  contraction 
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uf  the  muscle,  the  kver  H  ialU  no  tH.it  the  jioint «  resu  upon  tlic  iindertyini:  fixed 
plat«  )-,  the  cootAct  at  f  nc-vcrthukss  rrauins  open,  and.  tbcrcforv,  also  tbo  galvn* 
nometcr-circuit,     Another  method  is  described  on  p.  654, 

In  man  v.  Hclmfaoltz  and  liaxt  determined  the  propaMti  on -velocity  of  the 
impulse  in  the  inedtaa  ncn'c  by  havin);  the  muitcuUturc  of  the  thenar  eminence 
record  its  contraclton  by  inejint  of  a.  levxT  upciii  »  mindly  rotating  cylinder.  The 
irritation  of  the  nerve  was  practised  on  one  occBsioti  in  the  axillar}'  cavity  and 
on  the  second  at  the  wnst-joint.  The  contract  ion -cur\e«.  naiumlly,  exhibited 
diflereoces  as  to  tlie  moment  of  liegiuninj:,  Tlie  difference  in  the  time-value  for 
these  two  e\vcs  the  time  fer  the  coiidviction  in  the  intervening  ni;r%-e -segment,  In 
the  experiment  the  entire  arm  is  cnclosetl  in  a  piaster  bandage  in  order  to  aecuru 
rest  of  the  muscles  of  the  arm. 

Aecordinj;  to   Bernstein,  the   time   necessary  for  the  stimulus  that  pa«*c* 

from  the  motor  nerve  to  the 
miucle  to  e.Tcite  the  motor 
nerve-endings  is  on  the 
average  0.0031  second  in 
the  frog  and  0.00 1 5  second 
in  warm-blooded  animals. 

\,^\p  In  the  sensory  nerves 

^'iJ  ^^ .    *^*— ,      of  man  the  impulse  is 

probably  propagated 
with  the  same  rapidity 
as  in  the  motor  nerves. 
The     figures    obtained 

v-ary,  it  is  true,  l.>etween 

yt         i  k'^    ^H^       *^^  wide  limits  of  94  and 

30  meters  in  a  second. 


^ 


K- 


Method  of  Ezamlnatioo. 

— In  the  (lersoii  under  ob- 
servation two  points  at  as 
I  widely    unequa]    distancea 

M  from  the  brain  aa  poasiblc 

^^_  I  are  inttated  for  a  monKnt 

"^f"'  T^  in   succession,  for  example 


thciobnleof  thMearaftduie 
tia,  iji. — *.  IMnhaUi't  Meihad  fu  DcicroiininK  the  PiopBtuinii-      great  toe    SS  bv  an  open- 
.^■«ii,.of.h.\,n-M,ir>alui.  Siff  indudsfl  cumnt.    ^e 

moment  of  irritation  is 
noted,  for  example  by  beginning  the  vibrations  of  a  tuning-fork  plate,  the  removal 
of  the  clamp  from  tlie  iuning-t()rk  at  the  same  time  openmg  the  primary  curmnt- 
Thc  person  examined  lihduld  in  ench  instance  indicate  by  an  anpnipnatr  sign  upon 
the  registering  surface  the  time  when  irritation  is  perceived.  The  reaction -lime  to 
be  taken  into  consideration  in  this  connection  is  discussed  on  p.  77;. 

A  needlc-pnck  of  the  ckin  causes  at  nrst  the  sensation  of  pricking.  Then 
then  fnllink-ti  nn  interval  free  from  sensation  and  linnlly  agiun  a  pricking  aensatiaa, 
appanintlv  unginaling  from  within. 

Pathological. — In  the  presence  of  disease  of  the  spinal  cord  the  renoarkabte 
observ.iiiaii  has  <)CcAsionAlly  txrrn  made  of  a  striking  retardation  of  cunductioo 
in  the  si-nsory  nerves  of  the  skin.     The  sensation  itself  may.  under  such  cireuni- 
stances.  be  unaltered.     Occasionally  only  the  conduction  of  painful  sensatioi 
was  fnund  to  l>c  retarded,  so  thai  a  painful  impreaaion  upon  the  skin  was  (tr 
perceived  only  as  a  tactitc  sensation  and  then  as  pain,  or  cooveracly.      if  th^fe 
interval  of  tima  between  these  two  impressions  is  considerable,  there  may  t^^a 
well-detined  double  sensation. 

In  the  sphere  of  the  motor  nerves  retarded  conduction  for  volantan,'  movenw^.-. 
is  observed,  for  example  in  cases  of  senile  paralysis  axitans.     The  observatiiai  Iki 
been  made,  further,  in  rare  cam-s  thai  with  otherwise  well-dcvcioped  muscuIat\»T^e,_ 
voluntary  movements  wi^rc  executed  much  more  slowlv,  as  the  inTcrv-il  t>ri"^r:i;»jj 
the  impulse  of  the  will  and  the  contraction  was  prolonged,  and  ■_-# 

occupied  a  lonj^r  time  in  contracting,  a  sort  ot  tonic  ctmiriC'  a. 

In   nerves  exhibiting  dcgcnexativo  reactions  the  rctardotion  "i  ciniiiuiimi      ,n 
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s  Stimulus  for  exciting  contraction,  on  closing,  opening,  rewrsing.  incrptuing. 
•nd  diminishing  U«  current,  but  raihwr  through  its  so-called  polar  effects  On 
clfXiriH  ihr  circuit  the  nerve  in  thrown  into  irritation  at  the  kathode,  and  on 
opening  the  circuit  at  the  anode.  Then,  during  the  period  nf  cIokutc  of  th«  circuit 
through  the  nerve  the  irritability  is  increased  ot  the  kathode  and  by  this  means 
a  remedial  influence  nia>-  l>e  exerted  upon  the  nvrve.  In  roan,  however,  the  special 
condition!  described  on  p.  &61  should  be  Iccpt  in  mind  in  the  ciuiijojincnt  vl 
percutaneous  KalvAni/ation.  In  the  vicinity  of  the  anode  thore  is  olio  increased 
irritability.  This  is  obsen-cd  chiefly  on  repeated  n-vorsal  of  the  current,  but  also 
after  closing  and  opening,  or  e\'en  on  the  tiniforra  passage  of  the  current.  If  the 
increase  in  irritalnhty  obtained  by  meant  of  the  current  be  tested,  it  will  be  found 
that  as  a  mult  of  the  application  of  tfae  currt^t  the  irritability  for  the  cluunif  of  a 
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current  in  the  opposite  direction  and  for  the  opening  of  a  current  ■»  the  tame 
direction  is  increased. 

Fiirthermore,  in  the  emplo>Tncnt  of  the  constant  current  its  restorative  cfiect 
should  lie  taken  into  account,  rhicfly  the  ascending  current,  an  R  Hridenhain 
•j**  found  that  exhausted  and  onfeeb'led  muscles  can  be  refn-iheU  bv  the  passage 
W  a.  constant  current.  Finally,  the  cfnistant  current  miwt  be  conceded  a  tliera- 
t/*"'^  inllitencc  liy  ruas»n  nf  its  catalytic  or  cataphoric  effects,  in  consequence 
i^Which  it  cxiTts  a  solvent,  decomposing,  or  diaperiinj;  mtion  upfwi  possible 
*^Uraulatcd  products  of  infltunination  or  stajpiation  in  m-rvc  or  mnncle  The 
of  «^r"'  ''•'**'i  besides,  exert  u  direct  orrctlcx  stimulattng  influence  upon  the  nerves 

T  *  '''°o'''V<«*ls  and  lymphatics. 
anol       '***  cause  of  ihe  parslvsis  reside  in  the  muccle  itself,  it  ia  customary  to 
in   o^  the  induced  current  by'means  of  sponfte-electrodes  directly  to  the  musclfi. 
*sc  of  primary  lesions  of  the  motor  nerves  the  electTod€s  are  applied  to  the 
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tkttcr.  The  currents  used  untjcc  sucb  circumstances  must  be  only  of  moderate 
sCrenffth.  Strong  t«Uinic  contrftctions  arc  to  be  avoided  as  injurious  and  likewice 
undtilk'  ppftlorgcd  action. 

Th«  galvanic  cumtit  may  hk«i»-i»«!  be  afijilied  tnther  to  th<;  musclr  sJonp  or 
to  lite  motor  nerve  or  even  to  il»  cantor,  or  to  both  iirr\e  and  musclr  at  the  same 
lime.  As  a  rule,  under  such  circumstonceB.  ibc  kathode  should  be  afiplied  to  the 
point  wrhoHe  irritabiltly  is  hmtrtfl.  as  utidt-r  itn  inrtinftice  the  irritaiality  ix  in- 
creased The  iiTiode  is  placed  ut  snine  indifferent  point,  for  example  upon  the 
sternum      Stroking  along  the  ncr^x  with  the  kathode,  as  well  as  variation  in  the 
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pM.  iM  — Umoi  PoIdu  ot  the  ?(raaEd  anrf  TtUi)  Itava  od  the  Asurkit  Aunt  tA  Ik*  Leg  hhI  TWtfi 
l^troaaal  nme  na  the  lid.  liUa)  ntn*  oa  the  righi  IiJwr  Ei<B]uini)> 

strength  of  the  eurrent.  it  bchcvcd  lo  ii»crra»e  the  (avoraWr  efleet.  When  tlu 
scat  of  the  lemon  i«  in  the  central  or^fini,  galvanization  may  be  applied  uli>n|^ 
the  vertebral  column,  or  to  the  vertebral  coltimn  and  the  course  of  the  ner^-e 
at  the  aame  time,  or  to  the  he.id  (with  care),  or  when  pnsaiWc  at  the  suspected 
iwat  oj  the  iliseau,  for  example  Ihr  rj wee h ■center  or  the  central  convolution* 
Care  shotdd  be  taken  to  avoid  currenls  of  undue  strength  and  applicationn  ot  pro- 
longed duration. 

The  varied  reaction  of  the  [laralveed  nerves  and  muscles  to  the  induced  cnu- 
etant  current  i«  cMpecinlly  notcwurtW.  This  relation  has  been  well  dewKnated 
the  rcaeli<m  oj  dtgfnfralioH.     lo  the  iint  place,  the  physiological  fact  ahouid  he 
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noted  thnt  thv  tTiusrk*fi  svii>|ilitrcl  t>y  ilyinu  nt-rvi-s  nn<!  nlmi  the-  iiiuscIc-k  i>f  a  curariKcd 
aninwil  n-spotnl  luss  rradify  tn  a'  ra'pidiv  ititcmiplpd  faradic  rurrcni  than  (nth 
non-curariu-d  muscles.  Aevordinj;  to  >ieu(naim,  it  la  the  longer  duratiun  o(  ihe 
constant  cuiTL*iit.  u.n  cmunL-itc-d  nith  the  nionwiiiary  closinK  ind  oiK'iiinK  <'f  the 
induced  current,  that  permits  Ihc  passiltilitv  ot  comractii.m.  If  the  constant 
cuircnc  be  intccruptud  with  Uic  SHcnc  rapiility  as  the  (aradic,  it  also  will  be 
ioeSectivo.  On  Ihc  othvr  hand,  ihr  tiiduciril' current  cun  b«  inadu  liTirctive 
ii  it  be  (>ermitt*d  to  coniinii*  in  action  for  a  lofiRor  lim*.  Thi*  can  be  accom- 
pliahed  in  the  alidinjj  npparnliiit  by  Icpeping  the  primarv  circuit  closed,  and 
raising  and  dcprrssitig  the  induct ion^joil  upon  th*  slide  fey  this  nutans  slowly 
increasing  and  diminishing  induced  currents  are  generated  tt'iat  act  energetically 
in  cauKing  omtracLiou  of  cumiiMrd  iiiuicleit.  Tl^ereforc.  in  the  ^limclaiion  of 
muscle  and  nerve,  not  alrmc  the  strrnit^h,  Imt  aUo  the  diiralion.  of  tlie  current 
rauftt  be  taken  into  consideration,  just  as  the  deflection  o(  the  magnetic  needle 
is  dependent  upon  boUi  factors.  According  to  E  Reitiak.  hmvcvcr,  tQe  muiicic 
reacts,  nevcrthcLcN.  to  individual  induced  shoclu,  when  the  reaction  of  degc^ncra- 
tion  is  present,  a.nd  with  a  contraction  of  slower  cvolutioin,  but  this  rt'-action  i« 
no  lonecr  demonstrable  after  the  lapse  of  a  short  time.  The  niiwcle  is.  therefore, 
not  imrritable  to  the  faradic  carrunt.  but  only  exhausted  with  extreiro  rendiness. 
It  fnu«t  coimtantly  rvcupemlt  afinr  il«  exhnuxtion. 

The  typical  rtaclion  uj  •iegru.^tiili^m  Is  characlmied  essentially  by  the  foUowlne 
inii.  For  the  muscle  there  is.  on  direct  irritation,  diminution  to  the  point  ol 
alition  of  faradic  irritabiiity,  witli  increaiit:  nf  galvMtuc  irntabilily  (from  the 
third  to  the  fifty-wghth  day),  the  Intter  dimiiiishini;,  althimgh  with  considerable 
variations,  from  the  sc^'cnty-sccood  lo  the  eightieth  day.  There  is  also  a  prepoa- 
derance  of  anodnl  closing  contraction  as  compared  with  katbodal  clodtiig  con- 
traction. The*  contraction  in  the  aQected  muiiele  takec  place  slowly;  it  is  p»cri- 
taltic  and  limited  locally,  m  contradistinciion  to  the  lightning-like  eontraetion 
of  normal  muscUrs,  In  the  stage  of  diminished  gnlvanic  irritahjlity  the  latent 
period  is  proloTiged  fourfold,  the  duration  of  contraction  twofold.  For  the  net^'e 
thcri-'  is  diminution  to  the  point  of  abtihtion  uf  faradic  and  galvanic  irritability. 
If  the  reaction  of  the  mT\-c  is  ndrmal.  while  the  muscle  on  direct  siimiilation  with 
the  constant  current  exhibits  the  reaction  of  degeneration.  liic  ctmditiiw  is  de- 
acrilied  as  partial  reuc>tan  c/  ilecmteraiion.  ivliich  is  constant  in  ciLses  of  i>rogres>ivc 

cul&r  atruphy.  In  the  pretence  of  dcranjfcd  nensihility  in  cases  ol  tabes,  the 
isory  nerves  have  been  observed  to  react  in  a  manner  analogous  to  the  motor 
Berves  in  ccnneclion  with  the  n'acti'.»n  ol  dcgtTieration. 

In  rare  cases  the  contraction  of  the  muscle  from  the  ne^^■e  on  .-ipplicatinn  of 
the  induced  current  ot-hibits  .ali«>  a  jUuj^giKh  vermicular  eourw  —jufadic  rfacttt>M  uf 
dsgaientiiaM  In  the  case  of  paralyzed  and  deg<.'nt;ratpd  muscles  the  motor  points 
may  be  found  displaced  further  toward  the  periphery.  The  lessened  thickness  of 
the  muscle  and  the  reaulting  increaae  in  density  of  the  current  may  be  the  cause 
for  this. 

Nerve-degeneration  and  ncrr'c<rBgcncratioii  are  considered  on  p.  66j. 

In  the  dillerent  forms  of  itfasrn.  contracture  or  electrical  Hpa.Mn,  the  conslanl 
current  especially  has  been  found  useful-  Under  such  circumstances  patho- 
logically increased  irrilabiliCv  of  the  nrrvrs  or  muscles  is  diminished  through  the 
affects  of  anelecirotonus  Therefore,  the  anode  should  be  applied  to  the  nerve 
or  the  muscle,  or  m  case  of  reflex  «pa&m  upon  those  points  that  are  discovered  lo 
be  ihii  actual  stfurev  nt  the  ii:ith>>logical  irritation.  Uniform,  feeble  curn--nts  art 
especially  crTeclivc  under  such  circumstiinces.  Also  the  relaxing  (inhibiting  polar) 
action  is  to  be  cunsidcred.  The  constant  current  may.  however,  exert  a  beneficial 
Influence  jiNn  thrnush  its  catalytic  action,  by  nicanit  of  which  it  rcinove.i  irritantj 
at  these.itnf  diseiLM.-  Finally,  it  has  often  been  observed,  since  the  time  of  Rcmok. 
thAt  with  the  application  o£  the  constant  current,  volunurj-  control  of  the  aScctcd 
motor  apparatus  is  increased.  In  cases  of  spa«m  of  central  origin  the  constant 
eurrent  may  be  apphed  even  to  the  central  organ. 

Fara<liiatron  may  l>e  employ^■d  in  cases  of  spasm  to  strengthen  possihiy 
cnfecbleil  antagonists  Under  such  cirttumstances  faradi2<-d  muscles  in  a  state 
of  contracture  ar*  said  to  acquire  increased  extensibility,  as  the  muscle  is  more 
extetiHiblc  in  a  state  of  active  physiological  contraction. 

In  the  treatment  of  cutaHii'UJ  antirhciiu.  stimulation  ^hoiild  be  applied  first 
to  the  skin  itself,  the  induced  current  Iwinj;  often  aii])Iit-d  hv  mefirs  of  wire-brush 
electrodes.  In  the  cnvploymcnt  of  the  constant  current  the  kathode  should  be 
ap]>litd  to  the  insensitive  area.  It  is  even  pos«^il>1e  with  strong  currents  to  cause 
vcMcation  of  the  skin.  When  the  lesion  has  possibly  a  central  situation  only  the 
43 
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of  the  licadK  enlargement  of  the  car  and  increased  rapidity  in  the  growth  of  the 
liair  were  ul«ervo(l,  togi-ther  will)  hvpcnr(J|ihy  nf  thv  mi>»cul»r  cont  of  ilic  wna, 
of  thi;  tarlilnijc,  wml  <>i  ihc  homy  skiii,  with  atropliy  of  the  t-pidcrmis^  further, 
<iiniiniiii(>ji  in  the  si/.c  of  l\\v  cerebral  lieuii»phiTf  of  the  corresiKinOing  side,  ]>criiaii» 
in  coTiBi?f]uencc  of  the  prcsswre  exerted  bv  the  dilated  vessels.  Lewaschcw  ao- 
serve<l  hj-jJi-rtrophy  of  the  leg  and  foot  in  the  se*)uencc  of  long-nuiintnmed  ebemical 
irriiiiiiiKi  of  the  wiMtic  nerve  in  d(>g:«.  and  also  the  development  of  aneurysmal 
dilatation  of  the  veesels. 

In  man.  irriiation  or  panUysU  of  ihe  nerves  or  degeneration  of  the  gray  matter 
of  the  !(gmi»l  cord  i.i  iiol  r:irely  al.U-iii3ed  with  xlleralionn  in  the  pigment  of  the 
skin,  .ind  <>f  the  n.iils  nnd  hair  and  in  iheir  etowUi.  as  well  as  cutaneous  cruptioos. 
for  example  herpes  Kostcr  after  inllaniniatlLia  of  the  spinal  gang:lia  or  nerves, 
and  a  tendency  to  bi'd-surus.  furthi-r.  mre  atleclions  oiid  de  sent  rations  of  the 
joints  (in  caM-^  of  tftbts).  Local  diseases  o£  the  brain  have  been  obMr\*cd  to 
be  attended  with  unilateral  deraivgement  in  ihc  growth  of  the  hair  and  the  nsiU, 

(if)  lahibiiory  nerves,  which  suppress  or  diminisli  a  movement  or  tectetion 
already  pre seul. 

Kxainpli:*  an-  founcl  in  the  vii^tKf  -.vi  ttie  inhibitory  nerve  of  th*^  niovernent 
of  the  heart,  the  splanchnic  «s  ihat  of  the  movements  of  the  intestine,  the  vaso- 
dilators as  inhibitory  nones  of  the  unstriuied  muscle  of  tJie  vessels. 

II.  CERTRIPETAL  ITERVES^ 

(a)  Sensory  nerves,  which  convey  xenxiry  impn-Muons  to  the  centnl  orgui 
l)y  inean!i  of  .-^piciiil  ind  .ijip.ir.itus, 

(b)  n«i>-cs  of  special  sense. 

(•:>  Reflex  9r  ezcito-motor  n«TT«8,  which,  when  stimulated  at  the  peripbcry, 
<:onduct  the  irritation  to  the  center,  within  which  this  excitation  i*  transmitted 
to  the  centrifugal  fibers  (I,  a,  h,  £,  d),so  that  the  nclivity  of  the  latter  is  manifested 
as  nOex  movvmimt.  reflex  swrwlion  or  reflex  inhitntion, 

m.    IHTERCENTKAL  HERVES, 

These  connect  ganglionic  ccntcw  on*'  leith  another  for  the  communieation  of 
the  excitation  among  them,  for  example  in  the  coordinated  moremcntB.  (or  in- 
iiance  of  the  eyes  and  of  widespread  retlexea. 


THE  CEREBRAL  NERVES. 

AU  cranial  motor  nen'es  arise  from  their  cerebral  nuclei  oC  origin  as 
neurites  of  ganglion -eel  Is  in  the  same  way  as  the  filters  of  tl)«  anterior 
roots  of  the  spinal  cord  arise  from  the  ganglia  of  the  anterior  homs. 
The  9ensor>'  cerebral  nerves  have  their  actual  origin  in  the  bijiolar  cells 
of  tbe  peripheral  ganglia  of  the  sensory  nerves.  Into  each  of  these  eel's 
a  celltilipeial  dendrite  enters  from  the  region  endowed  with  sensation, 
while  a  ccllulifujjal  neurite  passes  from  the  cell  to  the  brain,  where  it 
comes  into  contact  with  the  temiinaJ  rnmilicntionR  of  tlie  sensory  nucleits 
of  origin 


I.   OLFACTORY  TRACT  AND  BULB, 

The  »trand-!iWe  triangular- prisma  tic  olfactorv  tract,  situated  upon  the  inferior 
surface  of  the  fnmia!  Inljc.  becomes  cnlarj^d  00  the  cribrifunn  plate  of  the  ethinuid 
bone  to  form  the  olfatlory  bulb,  which  is  the  inaloKue  of  a  spccia!  ■  ■  'he 

brain  that  cxiiita  in  diflcrent   vertebrates  with  a  well-marked  (•■•  "U 

From  the  bulb  there  paMi  through  the  cribriform  plate  bfl  •'■---     -    ■  ..- i-^ry 

fllamcntt.  which  eontmue  first  bctwiL-n  the  mueoui  menl^■  -lostcom 

and  into  the  mucous  membrane  itK<-lf  only  "*  flfJtKu  'il'  'Ifociory 

region.     The  structure  of  the  bulb,  oa  well  am  tHH^^^^MlkP  oUaetory  nervca, 
•re  dificuKia^d  on  p.  gia- 

The  origin  of  the  olfactory  fiben 
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cAteg>-rus.  median  root  (Fig.  363).  {1)  The  lateral  root  passes  through  chc  anterior 
pcrfonitcd  pluitc  to  the  intrmal  cApmIe  (sicnsory  paLhof  the  cerebrum),  and  furtlier 
througll  the  uncinaic  ^rus  (sensory  cortical  ccnici),  where  it>  fibers  enter  into 
contact  with  the  gAngliun -cells  hy  metinB  of  tcloden'lrite*.  I'os«l>1y  the  tibers  of 
ariffin  rlcciiit.'Ut«  withm  the  corehmm.  (3)  Fiber*  may  be  traced  also  in  the  head 
of  the  caudate  nuclevji  and  thence  into  the  antcmir  cotntniixure,  in  which  thffre 
is  a  comtnuiitciition  bctwran  th«  two  olfttctoiy  bulbs- 

The  olfactory  nerve  is  the  nerve  of  smell,  the  physiological  excita- 
tion of  whifh  takes  ]>lace  only  through  volatile  odorous  substances. 
Congenital  deficiency  or  division  of  both  nerves  destroys  the  sense  of 
smell. 

Pathological. ^The  dmiifnation  hyfierosaiia  is  applied  to  a  condition  in  which 
the  acuity  of  the  sense  of  icmell  is  olwiormnlly  exagfrtralcd.  (or  example  in  hysterical 
individu.ilK.  Piin-Iy  wilijcchve  im press iotit;  of  the  sense  of  smctl,  nifuetory  hal- 
lucinations for  example  in  the  insane,  probably  depend  upon  abnormal  excitation 
o(  the  cortical  center.  In  some  personn  tlw  inKention  of  aniifebrin.  which  ii 
odorieM  itnd  iiislelenn.  t."Xcites  a  wibjfclive  w.'iiw  nf  snii^ll  even  when  the  existence 
of  marked  cor>-za  renders  the  nose  incapable  of  smelling.  Hyftt^uiia  and  att^nnia, 
dimintiiion  and  abolition  of  the  sense  of  smell,  occur  as  the  result  ol  catarrhal 
coiiditionti  'li  adjiicent  cavities,  thnniKh  the  action  of  injurious  k'^'^'  or  tluidd, 
as  one  of  the  phi;n<iitnenu  of  i^ncral  intoxication  or  dittcase,  and  in  consequence  of 
abfienco.  of  thfl  pigtnent  in  the  olfwiorj-  region,  Stryehnin  increases  and  morphin 
oecasiotialU'  diminishes  The  scnso  of  smell. 


J^A. 
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II.  OPTIC  NERVE  AND  TRACT. 

The  optU  Irael  arises  from  the  antL-ri-jr  'luadngcmin.-il  body,  from  The  lateral 
ffenienlate  body,  from  the  pulvinar  mid  the  K<>nal  Ktratum  of  the  optic  thalamus 
(Fig.  34?)  and'fn>m  the  tuber  eincreum.     By  means  of  a  broad  bundle  of  fiben 
(visual  fibers  of  Graiiolet} ,  wluch  pa-ts  directly 
outward   fmm   the  piistt-rior  hum.  the  oriein 
in    the    parts  named    is   cffnncx'tcd   with  the 
cortical  p.iychi)' visual  center  in  ihu  occipital 
lobe  of  the  same  side.      Fibers  pas*  fnwn  the 
ccrcbclluin  through  the  crura. 

The  two  trticts  unite  to  form  the  c/hVimh, 
from  which  on  each  side  arises  the  opiit  ti/rtv, 
thr  Hboisi  of  which  ant  medullaled  but  without 
uciirilrmma. 

In  ihe  chiasm  a  semidecussation  of  the 
libers  takes  place  as  a  rule  (Fig.  j^o).  so  that 
the  left  tract  sends  fillers  iiiWi  the  left  hiilf 
of  each  retina  and  the  fight  tract  fibers  into 
the  right  half. 

It  can  thus  Ix-  understood  that  in  man 
ejestniction    of    one    trrict    cause.*    so-called 

homtwiytnous  hemiopia.  that  is  blindness  of  the  two  corn'^iomiinj.;  ri-iinal  haU'es 
in  the  sense  deicrilwd.  As  the  left  half  of  each  rcima  receives  impn-ssiims  fnmi 
the  riaht  half  of  the  visual  Iield,  and  conversely,  all  fibura  intended  for  seeing 
objects  in  the  risht  h.ilf  of  the  visual  held  .ire  liLiialed  in  the  left  iract.  and  vice 
^^rsa.  The  same  effect  is  produced  by  destnicllon  of  its  oricins,  as  by  rte- 
•tniction  of  the  optic  tract,  accordine  lo'Bechlcrcw  also  by  that  of  the  external 
Scniculalc  body  and  the  anterior  bmcnium  alone.  Saffittal  division  uf  Uic  chiasm 
nas  caused  in  man  in  one  case  blindness  of  the  nnsat  half  of  each  retina.  In  «t- 
oaediiigly  rare  cases  the  d<wti«antion  has  Ixren  wholly  waniing  in  num. 

.■^monu  animals  partial  decusuition  occuri  in  the  following  :  Apt,  cat.  dog; 

^"'1'''""=  dectitsation  in  the  r.tbbit,  mouse,  ituinL-,i-pvj;,  pigeon,  owl.      In  the  bony 

rah  btitli  otitic nervps  en -ss  <ep,iratcly :  in  the  cyclnslomata  then- isnttdecussation 

ly'-      Two  commiwures  Iving  upon  the  optic  chiasm,  that  of  Meynert  and  that 

•udilcn.  have  realty  noiiiing  whatever  to  do  witli  the  opiic  nerve 

**r  cxtirpstioii  of  an  e)-c  in  m;m  there  dcKeneralc  cent  ripe  tiilly  the  libers 

*r  lllc  '»ptic  nei^e  from  the  organ,  therefore  in  man  hiilf  of  the  tiber» 

~t.     The  dcgcDcration  cxicnda  to  the  origins  in  the  quadrigeminal 
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bcx)i«s.  thf  ;c«nicu1iit«  bodies  and  th«  pulviiiar,  but  not  into  tht  ci>n<Iuctin(:  f>«th 
to  th«  psyvho-vioual  center.  Thv  scconditry  dt^goncrations  following  <ltsiructtoti 
of  thp  cortical  visuul  c*ntcr  arc  discussed  on  p.  jSj 

The  optic  nerve  is  the  nerve  of  vision  the  physiological  slimuIatioD 
of  which  occurs  only  through  conveyance  of  the  vibrations  of  the 
himinifcrous  cthcf  to  the  rods  and  cones  of  the  retioa.  Every  other 
form  of  irritation  of  the  nerve,  cither  in  its  roiirse  or  at  its  center, 
causes  a  sensation  of  light.  Division  or  degeneration  of  the  nerx'o  gives 
rise  to  blindness.  Irritation  of  the  optic  ner\'e  causes  also  reflex  con- 
traction of  the  pupils  through  the  oculomotor  nerve,  and  marked  irri- 
tation, also  closure  of  the  lids  and  flow  of  tears. 

As  the  optic  nerve  htm  >u(wrRte  connections  both  with  the  psycho-visu>l  omter 
and  with  tli'C  pupil- contracting  center  it  wilt  be  readily  understood  that  under 
patholo^cal  ccintlii.ions.  on  the  one  hand,  Miiidnc»&  with  jfrestrvaiUiii  of  ihc  iris- 
reaction,  and.  on  the  other  hand,  lusa  of  thu  movement  of  thi.'  iri>,  with  preservation 
of  vision,  have  been  obKrvcd. 

Guddcn,  in  i  SS»,  found  two  diffcri-nt  kinds  of  libers  in  the  optic  nerve,  namely 
6xie  or  visunl  Hbcrs.  whose  cc^nter  is  situated  in  the  quadrigfminaTe  bodv,  ana 
coane  or  pupillary  fibers,  whose  ongin  can  be  traced  to  thu  i^xti^mnl  Kftuculate 
body.  Drsiriiclidnof  tht;  visuiil  filierKcauM-s  blindiiess.  that  of  the  pupiUaiy  liben 
gives  rise  to  marked  dilatation  of  ihe  pupils. 

Pathol oglcal. -  -Irrii.iUon  in  the  range  of  the  entire  ner»'o«j  apparatuit  may 
cause  (-xc<vi.ii vf  M'TusitivifncK.i  of  the  vi.iuiil  iirjians  f'flir  hyperr jthtsia) ,  and  also 
visual  ecns^kiions  of  vnncd  kind  {phai^jpiia,  chntnopiia),  which,  in  cbk  the  imta- 
lion  extendi!  to  the  psycho-visual  center,  may  even  become  actual  viimo/  kaiiw 
etwaiions.  Mattri^l  altcraiions  mid  infiiimmatory  i'rocc»sc»  in  the  nervous  appa- 
ratus are  often  followed  by  nervous  impairment  of  vision  {ombh-^fia)  or  even  by 
blindness  {autaunjiij).  Nevertheless,  both  eonditione  may  occur  as  th«  signs  of 
disorder  in  other  organs,  so-called  sympathetic  symptomt.  tieing  often  probably 
due  to  alterations  in  the  circulation  of  the  \Aw>ii  through  irritation  of  tlw  vaso- 
motor nerves,  and  readily  undergoing  retrogression..  Remarkable  intermittent 
forni.H  of  aniBurosis  arc  the  iia>'-fifj»idMf.ij  (kemfralopio.  for  example  in  connectioo 
with  dixrases  of  the  liver)  and  the  niihhbUntineiS  (nj^iaU'fiii).  Disorders  nf  the 
cortical  visual  ci-nt<T  ans  considered  on  p.  787, 

III.    OCULOMOTOR  NERVE. 

The  fibers  ot  the  ocuiomwicir  ne^^'^  an'f  a^  nruritcs  iif  the  ganglion  cells  of 
the  oculomotor  nucleus  situated  in  the  gmy  matter  licncath  the  iiqucducl  of 
Sylvius.  Several  groups  of  cells  can  t*e  distiiigui tilled  in  thijs  nucU-ui;  (i)  The  lat- 
fral  chitf  tiuiU'ui.  etn\s.i>iUiig  ]>riiiripiill)*  of  l.-iri;i-  g.ingliijn  i.'elts  anil  |>a9»ing  below 
the  anucduct  of  Sylvius  on  each  side  close  10  the  middle  line  (1 )  Uctwecn  the  two 
lateral  nuclei  lies  the  single,  smaller,  large -cell  id  ientrat  nudetn.  and  (5)  in  front 
of  thia  on  each  »iile,  a  itmallvT,  aniall'cclli'd  niicleu.t.  The  liWrs  from  the  poslerior 
portions  of  the  lateral  and  central  nuclei  decussate.  In  apes  the  ncr^-ca  for  tJie 
external  ocular  mn^cIi'S  nrisi-  from  the  cliicf-nuclcMs  of  the  same  and  the  opposite 
aide,  those  forthc  internal  muscles  from  the  acccasory  nuclei. 

From  the  angular  gyru.t  of  the  cerebral  cortex,  the  ptychoraocor  center  iot 
the  vohintarv  muvi'mi-ni.s  of  Ihc  eyr-i,.  ami  pniliably  also  from  the  visual  sphere 
(for  the  itivohmlnrj'  adjustment  of'the  eyes  lor  direct  vision).  ^t>efB  that  undergo 
partial  dt-cussation  in  the  rajiht  of  the  tcyraenium  pass  10  the  oculomotor  nucleus, 
with  whose  ccIIm  they  come  in  contact  by  mean*  of  terminal  branches.  Noi  far 
from  the  pons  the  nerve  apfjcars  in  the  midst  of  the  inner  bundle  of  fibers  of  tbc 
peduncle  as  a  median  and  a  posterior  lateral  group  of  fibers. 

The  oculomotor  nerve  contains :  1,  The  voluntarj- motor  filjcrs  for  all 
of  the  external  ocular  muscles,  with  the  exception  of  Iho  external  rectus 
and  the  superior  oblique,  and  for  the  elevator  of  the  upper  lid.  The 
coordinated  movement  of  hoth  eye-balls  is.  however,  independent  o(  the 
will.  3.  The  fil>ers  for  the  sphincter  muscle  of  the  jiupil  that  are  active 
through  rcllcx  stimtilation  from  the  retina.     3.  The  lil>crs  for  ••»* 
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of  accommodation.  The  fibers  mentioned  under  2  and  5  are  given  off 
from  the  branch  for  the  inferior  oblique  muBcle  as  the  short  ront  of  the 
ciliary  ganglion  (Fig.  34^,  3)  iind  pass  from  the  latter  through  the  short 
ciliary  nerves  into  the  bulb.  v.  Trauwctter,  Adamuk,  Iiensen.  and 
VOlckers  observed  on  irriralinn  of  ihe  nerve  that  the  eye  underwent 
change  as  in  near  vision,  and  the  pupil  diminished  in  size.  Details  as  to 
the  origin  of  the  individual  portions  of  the  nerve  arc  given  on  p.  833 
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^O.  1)1.— MnlulUOhkinBIt  uvl  CuadnanniiLkK  Bo4in,  hUtniflpI:  'Ilie  fi>um  trom  tr  tn  XII  tUllniM 
flit'  miicfuial  aiiitiia  ul  ilic  ccnlin]  dtivti,  th<  ficurs  fiuiu  }  lu  i*  ind<ai<-  Um  pvitloD  tJ  iLdi  niuki  cf 
orlcm'.  1.  luDlculiu  icm. 

The  fpji/^r  for  reflex  stimulation  of  the  fibers  of  the  pupillary  sphinc- 
ter by  light  is  situated  in  the  quadrigcminatc  bodies  near  the  aqueduct 
of  Sylvius,  A  detailed  description  is  given  on  p.  S43,  The  contraction  of 
the  pupil  that  occurs  in  conjunction  with  the  act  of  accommodation  is 
to  be  looked  upon  as  an  associated  movement. 

In  man.  the  txrvK  atiiistomoscs  at  ihc  ca^tmous  sinus  irilh  the  first  branch 
'»q(ninus.  in  this  w^y  receiving  miiwlo-scnac  libers;    further  with   th* 
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».  The  herimot  n^rve  gives  off  (a)  sensorj*  branches  to  the  conjunc- 
tiva, the  nytjJcT  lid.  the  adjacent  skin  of  the  tcmjilc  (Fig.  143,  a);  (^')tmc 
secretory  fibers  to  the  lacrimal  gland.  Accordingly,  irritation  of  the 
nen'e  excites  llie  secretion  of  tears,  while  division  causes  paralytic  flow 
of  tears.  The  secretion  can  he  excited  reflexly  by  the  irritation  of  strong 
light  and  by  irritation  of  the  first  and  second  branches  of  the  trigemintis, 
and  even  of  all  of  the  sensory  cerebral  nerves  and  some  of  the  nerves  of 
the  trunk  The  reflex  center  for  the  secretion  of  tears  is  situated  in 
the  ojrtic  thalamus. 

,v  The  jwittal  nrnv  (f)  gives  off,  through  its  supratrochlear  branch, 
sensory  fibers  to  the  upper  lid,  the  brow,  the  ghibella.  and  fil'ers  reflexly 
Etiniuluting  the  Accretion  of  tears;  and,  through  its  supraorbital  branch, 
analogous  fibers  to  the  upper  Hd.  and  the  skin  of  the  forehead  and  of  the 
adjacent  temple  to  the  vertex. 

4.  The  nasixUiaty  nerve  (n  c).  through  it*  infralrochlear  branch, 
supplies  libers  analogoiis  to  those  just  mentioned  to  the  conjunctiva,  the 
lacrimal  caruncle  and  s.ic,  the  upper  lid,  the  brow,  the  root  of  the  nose. 
Its  ethmoid  branch  .supplies  the  tip  and  the  ala:  of  the  nixsc  exter- 
nally and  internally  with  sensorj-  fibers  and  also  the  anterior  ponion  of 
the  septum  and  the  lower  turbinates  with  tactile  fibers  (which  also  in 
part  excite  reflexly  the  flow  of  tears')  and  perhaps  also  with  vasomotor 
fibers,  which  may  possibly  arise  thniugh  anastomosis  with  the  sym- 
pathetic, i'rom  the  naso-ciliary  branch  arise  also  the  long  roots  (Fig, 
343)  of  the  ciliary  ganglion  (c)and  the  first,  second,  and  third  long  ciliary 
nerves. 

The  ciliary  ganglion  (Pig.  143. c),  which  really  belongs  rather  to  the 
third  th.-»n  lu  the  fifth  nerve,  has  three  roots:  {a)  the  short  root,  from  the 
oculomotor  (j),  {b)  the  long  root  (1)  from  the  nasociliary,  and  (c>  the 
sympa'hetic  root  (s)  from  the  carotid  plexus,  occasionally  united  with 
b.  From  the  ganglion  iht'ie  arise  betwuen  six  and  ten  short  tiliary  nerves 
(t).  which,  togethei'  with  the  long  ciliarj'  ner\*es.  penetrate  the  sclera  near 
the  entrance  of  the  optic  nerve  and  pass  forward  ^jctwcen  this  and  the 
choroid.     They  contain: 

1.  The  motcr  fibers  for  the  sphincter  muscle  of  the  pupil  and  the 
tensor  of  the  choroid  from  the  oculomotor  root. 

The  oculomotor  root  is  connc«tc(i  in  the  ciliary  ganglion  by  terminal  ramifica- 
tions with  dendrites  of  Lite  gaiigliOTir-ct'lls  (not  the  ttyiDpnthctic  And  tho«e  of  the 
thgcmmus) .  Alter  division  of  Ih*  oculomotor  nerve,  degtticrotion  of  its  iihen 
tiike»  pUwit  only  mm  tin-  cihnry  i;{iii];lt(m.  tmt  not  further  in  n  peripheral  dirwtii«- 
Small  dosrs  'if  nicotin  parilyiv  the  wjiilomolor  nerve  from  its  oriitin  to  the  ciliaryj 
ganglion  and  lliis  portion  rapidly  lows  its  function  after  death,  while  th*'  rilim 
□erves  Lhaicau.'ic  cuiiLrucLiun  of  tliv  pupil  retnm  their  irritability  foracoiuidc 
tjine. 

J.  Si-Hsory  fihe-rx  for  the  cornea,  which  arc  distributed  by  means  of 
most  dehcatelilaments  throughout  the  epithelium;  and  for  the  bulbiir  con- 
junctiva,   which    j»enetrate   the   sclera.     These   stimulate   also   reflexly 
the  How  of  tears  lacrimal  nerveJ  and  closure  of  the  eyelids  (f:ui;il  r\er\-e) 
The  iris,  which  is  the  seat  of  pain  in  the  presence  <■! 
processes  and  as  a  result  of  operation;  the  clinr<^"'    "■■''■■  '■ 
painful  tension  on  (.-ontraction  of  the  tensor  '■■' 
sclera  also  receive  sensory  fibers. 

3,   VastJiuolor  Jten.'c.t  for  the  vefwels  o' 
retina.     These,  however,  are  derived  i 
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n  and  the  connection  of  the  sympathetic  with  the  first  division.  The 
iris  anri  the  retina  probably  receive  the  larger  mimber  of  vasomotor 
fibers  from  the  trigeminus  itself,  anrl  a  small  ntimher  from  the  sym- 
pathetic According  lo  Klein  and  Svethn,  the  retinal  vessels  are  not  at 
all  influenced  through  the  sympathetic. 

4.  Motor  fibcn  for  the  dilator  nmsclc  of  the  pupil,  which  arc  dcrivei! 
in  largest  part  from  the  sympathetic,  particularly  the  sympathetic  root 
of  the  ganglion,  and  from  the  anastomosis  of  the  sympathetic  with  the 
trigeminus.  The  first  division  itself,  however,  also  contains  pupil- 
dilating  tihers.  passing  directly  from  the  medulla  oblongata  into  the 
first  branch. 

After  division  of  the  trigeminus  the  pupil  in  the  rabbit  and  the  fnig, 
therefore,  contracts  after  a  brief  antecedent  period  of  dilatation ;  and  after 
destruction  of  the  superior  cervical  ganglion  of  the  sympathetic  the  power 
of  the  pupil  to  dilate  is  not  wholly  abolished.  The  contraction  that 
disappears  in  the  course  of  half  an  hour  in  the  rabbit  can  be  looked  upon 
as  caused  by  reflex  stimulation  of  the  oculomotor  fibers  of  the  sphincter. 
in  consequence  of  the  painful  irritation  attending  division  of  the  tri- 
geminus. 

Whether  dilator- brunches  po«s  in  ma-n  through  the  Kympathctic  root  of  the 
ciliapi'  gunElion  and  further  on  Llirfugh  tlic  ciUiirv  ntrvea  has  not  been  dcmon- 
Btratt'l  Willi  iLTtainly.  [n  iho  ituu  ami  in  \\\v  cat  at  least,  tlicsc  filjers  Jo  not 
pns*  thrnuf^  the  cihar^"  ipuiRliDn,  Tmt  (lir<rct!y  alc>n){  the  optic  ntrve  to  the  <y«, 
all  pa«iiin|j  Lhrvnigh  the  u-a^Mhnn  gangliiin.  the  Hrst  diviflinii  untl  tinulK'  lhr»u'gh 
the  long  ctliary  nerws.  The  center  for  iho  motor  Jibcrs  nf  the  dilator  ol  ihc  pupil 
is  dpscribet!  on  p.  7^9. 

Tin:  phenomena  hroui^t  about  by  trritaluwi  or  paratytis  ')/  tht  ctwical  synt' 
failuftic  or  Its  pntli  u]]wam  to  the  eye  may  be  discussed  now,  (rritatiort  causes, 
in  nilililiiin  10  dilKtntion  of  ihe  Tiujnl.  iilso  tm  cfTcct  upon  thr  uiiniriattrd  miiiicle 
in  ihe  orlnl  ami  iht-  eyelids,  The  orbitnl  mi-mbrane,  which  scpiinilcs  ttii;  orbit 
from  thi-  tcmpoTiil  fossa  in  animals,  conmins  numerous  uastriatcd  musclc-tibvrs 
(orbital  iiiuscK),  The  corrcaponding  membrajie  of  the  sphcno-maxillary  tis- 
«ur«  m  man  iialso  provided  with  A  muicular  layer  i  mm.  thick,  generally  passinj; in 
a  lt>nyit\iiliiial  i!irt--clioii  through  the  IiKSun*.  '  Funht-r,  butli  t-yelidd  contain  iin- 
atriatcfi  iniisc-li-injcrs.  which  cause  narrowing  of  Jhr  palpi-hral  titsurc  In  the 
upfftr  lui  thty  continue  as  a  prolongation  of  the  elevator  of  the  upper  lirt,  in  the 
lower  ihev  Iil-  \^M.\  IfCiitalli  llie  L-onjunctiva.  Al*o  ilic  capsule  o(  Tcnnn  conlainB 
unstriiiUtl  nm.ii-li-lilitrs.  All  iif  tlwsc  muscles  arc  imnrvalcd  by  the  ^ympilhc^ic 
(the  orbital  muscle  in  part  from  the  sphcno- palatine  ijnnglion).  as  is  also  ihc  re- 
tractor of  the  third  cychdat  the  Inner  canthus  of  the  eve  in  some  animals.  Irnlation 
of  the  »>iiipathelic  therefore  cawccs  dilatation  of  tlie  pupil,  eiilarx'tnienl  of  the 
PHlpcbr.ii  lisiiuri.-,  nnd  protrusion  of  the  cyiiball.  This  imtalion  twxy  al»o  be  in- 
duced reficjfly  bv  intense  slimuliition  o(  sensory  tutvoh.  Also  active  stimulation  of 
the  nerves  of  tfie  sexual  organs  gives  rise  to  the  signs  nieniioned  in  the  eye  in 
mmJenii.L-  degree  as  .in  accompanying  manifestation.  Perhaps  the  dilaiatirm  u( 
the  pupiU  in  small  childrm  in  conneciiim  with  the  presence  ofinte*tinal  irritation 
from  womis  also  belongs  in  this  cawgorj'.  Also  irritation  of  the  spinal  cord 
(a>"mftaiyii-iic:  (irif;in)  in  ca-scs  of  tetanus  causes  dilatation  of  the  pupils.  Division 
of  the  .symi^ALheiic  causes  narrowing  of  the  pal|K;bra1  fiAKurc  and  perniil?  retraction 
of  the  c^-cball  (and  projection  of  the  rclajied  third  eyelid  in  animals).  The  divinon 
suaeit  in  dogs  internal  etrabisiaus  because  the  external  rc«tut  muscle  receiver 
I  pari  motor  libera  from  the  s>'mpaihetic.  The  origin  of  these  fibers  from  the 
oilia.fipinal  region  indcicribedonp-  734. 

It  is  as  yet  undctcnnincd  wlicthcr  trophic  fibers  also  arise  from 

"ioiis  chrwigh  the  ciliary  ner\'es.     If  the  trigeminus  be  divided 

I  cavity,  there  result  in  the  course  of  from  six  to  eight 

on,  necrosis  of  the  cornea,  and  finally  destruction  of  the 
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The  rcsuhs  described  takr  n1ac«.  howrpvcr.  only  when  the  ntm  is  divided  in 
the  OiuaiTian  ^janghon  or  prrifilicrally  (but  not  centrally)  (n>ni  ii.  Tlie  cause  of 
the  niitntivc  «JisinrlKinc<-s  is  ilciHiuk-in  uprn  ih«  Kiinj^li  on -cells  In  an  rxttmation 
of  the  views  OS  to  the  trophic  tibtrrii  the  iQllon-ing  points  must  be  taVcn  into  oon- 
sideratton:  (tl  Division  of  the  Irigcininus  renders  iht-  tnlirc  eye  anciitbetic.  The 
aniraui!.  thtrt'Irm;.  is  not  ctmsci-xis  ol  diivct  injury  anil  inuVes  n<>  i-ftort  to  escape 
it.  Also,  Adherent  diwt  and  mucus  are  no  lonRpr  rctnovcd  rc-tlpxlv  by  clowre  of 
the  cv-clids.  In  gimenJ.  in  const;qiii-nei-  uf  al>iMncp  of  tht-  reHcx!  tlie  [ialp«bfal 
fissure  is  wider  and  Ihc  (?>'•■  is  thus  exptscd  in  many  injurious  inrtuenci:*  and  to 
<l«siccati()ii.  Reflex  tefroiiwn  o(  tears  alio  is  w.-mting.  Whi-n  StiellL-n  atUiched  in 
front  of  the  eye  the  seiimlive  auricle  of  the  rabliil.  ihnniKh  wbiise  senBibility  tt 
avoided  injur)-,  the  int^nmntation  of  the  rye  occurred  much  later.  On  placing  * 
perfectly  secure  protecting  capsule  in  from  of  ilic  cyelhe  inflammation  was  entirely 
prevented.  The  sunie  re.iult  was  uljnerved  when  Ouildi*n  nutun-d  the  frrshenea 
mareins  cf  the  lids  in  rabbits  and  iK-rniitted  them  to  tfrwv  tojjether.  'ITic  corncft 
can  l>e  kepi  intact  also  by  scrupiilous  cleanliness,  There  can,  therefore,  be  do 
doubt  that  the  loss  of  the  sensibility  of  the  eye  favors  the  occurrence  of  inKamma- 
tjon.  Efforts  were  made,  further,  to  discover  the  trophic  nerves  aad  tu  divide 
them  «'[inrntf!y.  An  Meii*ner,  Biittuer,  anil  SchilT  observed  \hf  eve  to  l>ecoRM' 
the  seal  of  inflammation  after  dividing  only  the  trni>hic  {innermost^  fibers  of  the 
trigeminus,  the  eye  retaining  its  sensibility,  the  existence  of  trophic  til)enc  miffht 
be  considered  a:t  demunntTatcil:  hut  Cohuheim  and  SunfTlelx-n  contradict  these 
facts.  Conversely,  the  sensibility  of  the  eye  may  be  lost  in  consequence  of  partial 
injury  of  the  nerve,  and  the  eyeball  does  not  become  inHamcd  Ranviur,  who 
denied  the  e^iKtcuce  uf  iruphic  nerves,  incised  tlic  conica  id  a  circular  nMiuicr 
through  its  superficial  layer*,  at  the  same  time  dividmg  the  ncr%-cs,  all  of  whic'h 
are  present  in  this  «itualt«n.  There  resulted  anesthesia,  but  never  keratiti*. 
Further,  in  inai  and  animals  in  which  inability  to  close  the  eyes  exists,  redness 
with  How  of  team  or  slight  desiccation  and  cloudiness  of  the  surface  o(  the  eyeball 
(xerosis)  set   in,  tnit    never  such  a  destructive  inllamiiuitioii  as  that  descriljed. 

(?)  The  fnllowitiK  factors  to  which  hitherto  little  reference  hiss  been  nude, 
should  further  be  taken  into  consideration;  Division  of  the  trigeminus  paralyeai  the 
vasomotors  in  the  interior  uf  i.lie  eyeball,  and  in  coiweiiuenec  deranRcments  in  the 
circulotion  of  the  blood  must  take  place.  According  to  [cssner  and  (inlnha^en 
the  tn^eiiiinus  also  transmits  vasodilator  fibers  to  the  eye,  irritation  of  which 
causes  increased  flow  of  blood  to  the  eye,  with  consecutive  ehmination  of  fibria- 
factors  and  increase  in  the  amount  of  albumin  it)  the  B(|ueous  humor 

(»)  After  division  of  the  niTve  the  tension  of  the  eyeball  is  diminished  Con* 
versely.  irritation  is  followed  by  considerable  increase  in  the  intraocular  |>)^^<'*<"V' 
The  reduction  in  iiitraisculiir  pressure  must,  naturally,  alter  the  normal  n-latitm 
between  the  fulness  of  the  li!iii>d-v«a»els  Hnd  the  lymphalic  channels  and  the  move- 
ment of  the  lluids  within  them,  upon  which  the  normal  nutritioi]  in  large  measure 
depends. 

(4)  W.  Kuhnc  observed  movement  of  the  comeul  corpuscles  on  irritativn 
of  tlic  corneal  ncr%'c«.  It  does  not  ap^iear  impossible  that  the  movrmcnl  of 
these  cor(>u«:le8  has  an  influenee  upon  the  normal  movement  of  the  Huid  in 
the  canalictilar  system  of  the  cornea.  If.  however,  it  were  dependent  upon  ihc 
ncrvtius  sj-stem  iWlruetion  nf  the  latter  would  be  followed  also  by  nutritive  dis- 
turbances' As  a  matter  of  fact  Oaulr  i)l«<r\-(;d  after  division  nf'thr  nerve  that 
the  corneal  corpuscles  were  partly  shr\mken.  partly  enlarjjed.  and  that  the  e]*'*''*''' 
lium  of  the  cornea  was  partly  necrotic,  partly  in  a  coiidilion  of  pinliferation, 

PalholoKical. — -In  mnn,  inllauHiiation  ••{  the  ciinjuncnva.  ulrcruiion  and  per- 
foration of  the  cornea  and  tinnlly  panophthalmitis,  which  is  dc.f.fciiated  nt-ufty- 
pitrnlyiic  offhihahitia.  have  been  observed  after  trigcnunal  anesthesia  and  less  com. 
monly  in  association  with  profound  irritative  stales  of  tbi;  liflU  nerve.  Sotnuvl 
was  able  to  indiice  the  name  effects  in  animals  by  electrical  Btimulation  nf  ihe^Gss- 
sertan  gan^iiwi. 

The   affections  of  the    eye    due    In   disorders  nf   the   vosoraotor  "■■•-'■—    -rr 
eritiri'lv  tlilierent  than  those  descrilied.  as  they  never  give  riw  to  1! 
pToccssi-s.  a.f  does  division  of  the  trigeminus.      In  this  caii-i-nr,-  Iwl  1 
Unt  ffphthalmia.  a  condititm  of  utnlateral.  intcrtiiilteni   t 
ocular  vessels,  due  lo  malarial  iittlucnccs,  associated  wi'V 
phobia,  often  al.to  nith  iritis  and  supiiirativii  tit  ihi-  ' 
was  first    consiilercd   by  Bulenbura  and    Landois  a^ 
the  ocular  vesseU       Pathological  o&crvations,  a*  w*-II  rii..L.v.t.  .. 
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^rnonsuaud  that  an  iniimaie  physiological  connection  exicttt  lj«?iween  the 
ailxir  (lis  in  bill  ion  111  tht-  lwi>  eyi*K,  »ii  that  affertioriK  in  thB  vascvilnr  riistriliu- 
oi  one  rvi'  ri-j«!ily  i-xcili-  ftnnliii{iiii!i  jiffictif^ns  in  the  other  iryc.  This  fa<l 
explains  why  inlianimulor>'  pr<>cv*sL-s  chictly  in  the  imtrior  of  onp  t-ycbiill  jiive 
rim  to  so-culled  iyinpalhetii  ophthalntia  in  ttic  otiicr  cycliall.  Thtis,  irrituiU 
•ffectinz  tlie  ciliar>'  iicrvvs  or  the  fifth  nerve-  upon  one  side  CAUse  At  the  sanw 
tinti*  diUitation  vi  llic  vi-wa-1*  in  the  othL-r  eye.  together  with  its  scquclic.  The 
psthologtenl  otcesMve  tension  of  the  py«.  with  its  sequela}  [simpit  Kliuecma).  is 
worthy  of  niMHion  and  has  Iieen  atlnbii'ied  by  Doniicn  f^  irritation  01  the  tngcm- 
tnus.  UnilaLcriil  flow  of  teaiv  hiu  Ijm-ii  olmrTveil  rt-jicntetlly  in  eoiijunctinn  with 
irritative  sl.ites  of  the  tint  division  nf  the  trigeminus  bucI  unilateral  suppression 
of  tears,  but  rarely  in  association  witli  paralvtic  status. 

The  second,  or  superior  maxillary,  division  (Fig.  343.  «)  gives  oft: 
I.  The'siender  recuTrcnt  ttcnr,  a  sensory  branch  to  the  dura  mater, 
which  in  the  distrilnition  of  the  imddlc  meningeal  artcn*  accompanies 
the  vasomotor  nerves  of  this  vessel  derived  from  the  superior  cervical 
ganglion  of  the  sympathetic.  Irritation  of  this  nerve  causes  aJso  reflex 
closure  of  the  lids  in  the  frog. 

3,  The  subctitanfus  malir.  or  orhit:i\  ner^'e  (c),  supplies  with  its  two 
branciics.  the  temporal  and  the  orbital,  the  external  canthus  of  the  eye 

^jmd  the  adjacent  cutaneonsarea  of  the  temple  and  the  cheelt.  with  sensory 
srs.     Some  of  the  filaments  of  the  nerve  are  said  to  be  true  secretory 
nerves  for  the  tears. 

y  The  [xislerior  and  median  superior  alvealar  nerves,  and  with  them 
the  anterior  from  the  infraorbital  nerve,  give  off  sensory  fibers  to  the 
teeth  of  the  upper  jaw,  the  gums,  the  periosteum  and  the  maxillary 
antrum.  The  vasomotor  nerves  for  alt  of  these  puns  are  supplied  by  the 
sujjcrior  cervical  ganglion  of  the  sympathetic. 

4.  The  infrai^rhiial  Jirnv  (R).  which,  after  its  exit  from  the  infraorbi- 
tal foramen,  distrihutes  sensory  fibers  to  the  lower  eyelid,  the  bridge  and 
ala;  of  the  no(,e  and  the  upper  lip  to  the  angle  of  the  mouth.  The  ac- 
companying arteries  receive  vasomotor  fibers  from  the  superior  cervicaJ 
ganglion  of  the  sympathetic,     The  sweat -Hhers  in  swine  are  described 

on  P-  .S3 7 

The  sphenopalatine,  or  basal  ganglion  (n).  is  connected  with  the  sec- 
ond bramh  of  the  trigeminus.  It  contains  cells  arranged  like  those  of  the 
sympathetic  gangli;}.  To  it  pass,  first,  with  one  or  several  filaments, 
short  sensory  rtrnt-hliers  from  the  second  branch  iL-ielf,  which  are  desig- 
nated sfhcjioftilaliitf  mnci.  Motor  fibers  pass  frtmi  behind  into  the 
ganglion  through  the  greater  superficial  petrosal  ner\'e  from  the  facial 
Cj)  and  finally  gray  vasomotor  fifjers  from  the  sympathetic  plexus  of  the 

f'arolid  (greater  deep  petrosal  nerve).     The  motor  and  vasomotor  fibers 
orm  the  Viilian  nerve,  which  passes  through  the  Vidian  canal  to  the 
S^^gUon.     The  ganglion  gives  off  the  following  fibers: 

t .  The  sensory  jihcrs  (\)  supply  the  roof,  the  lateral  walls,  and  the 
sfP'Uni  of  the  cavity  of  the  nose  (posterior  superior  nasal  nerves).  The 
naiopj^  lattne  nerve  passes  through  the  incisor  canal  with  its  terminal 
f''-'>'t}^rits  to  the  bard  palate  behind  the  incisor  teeth.  The  sensory  pos- 
''^ti/-  jTJferiar  nasal  nexN-es  for  the  lower  and  middle  turhmate-'J  and  the 
'"'*  jc-f's*'*^''  Masai  passages  are  derived  from  the  anterior  palatine  nerve  of 
,  ^^Mti^tinn  ,  which  descends  in  the  pterygopalatine  canal.  Finally,  the 
'^'f^rX  '^'"''*nchcs  for  the  hard  (p).  and  the  soft  palate  <p,)  and  the  tonsil 
t^i'^'ifl  from  the  descending  posterior  palatine  nerve.  Irritation  of 
CJle     sensory  fibers  of  the  nose  causes  reflex  sneezing,  which  is 
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always  preceded  by  a  sense  of  tickling  in  the  nose.  The  same  result  may 
be  brought  about,  in  addition  to  direct  irritation,  also  by  dilatation  of  the 
vessels  of  the  nose.  The  latter  ocL-urs  readily  from  the  action  of  cold 
upon  the  external  inlcjiuoicut.  The  vascular  dilatation  is  later  on  as- 
sociated with  inrrca.sc<i  secretion  from  the  nasal  mucou-s  membrane. 
Irritation  of  the  nasnl  nerve  cxeitea  also  flow  of  tears  reflexly.  Irrita- 
tion of  the  nasal  branches  causes  finally  also  expiratory  cessatioo  of  the 
respiratory  moventcnts.  2-  The  voiodHason  of  tbe  nose  pass  with  the 
sensory  tibers  of  the  ganylion;  they  are  derived  principally  from  the 
sympathetic  root.  3.  The  motor  branches  descend  through  the  pos- 
terior palatine  nerve  in  the  pterygopalatine  canal  and  give  off  motor 
tibers  (h)  to  the  elevator  of  the  veil  of  the  palate  and  the  azygos  uvulae. 
The  muscle-sense  fibers  are  supplied  by  the  trigeminus.  Spasmodic  con- 
ditions in  these  muscles  are  said  to  cause  paroxysmally  crackUng  sounds 
in  the  ear.  4.  Filaments  rcprcscntiiiR  ^-rts/aiory  fibers  pass  also  from  the 
interrnediatc  portion  of  the  facial  ner^'e  to  the  gums.  5.  The  vaso- 
tnotors  of  this  entire  area  are  derived  from  the  sympathetic  root,  there- 
fore from  the  cervical  sympathetic.  6.  The  trigeminus -root  furnishes 
the  sfcrelory  nerves  for  the  mucous  glands  of  the  nasal  mucous  mem- 
brane. Irritation  excites  secretion,  while  resection  of  the  trigeminus 
diminishes  secretion  and  causes  at  the  same  time  atrophic  degeneration 
of  the  mucous  membrane.  Accordingly  trophic  functions  for  the  mucosa 
have  also  been  attributed  to  the  trigeminus. 

Feeble  electric  irrilation  of  the  cxposfd  gajiglion  causes  abundant  secretion^ 
of  muciu  nnd  elevation  of  tcmm'ratiire  in  the  nusc,  tocrthrr  with  dilatation  ait 
the  vessels.     After  divisjon  of  liic  trigeminus,  rcdncsa  of  the  nasal  mucous  menio 
tiTiin«  on  the  siime  aide  ocrura,     This  l^  pruliaMy  due  to  vlie  fact  that  penetnUinf 
dust  or  Kcrctcd  nasal  mucus  is  not  rvniovcd  from  the  nose  through  reflex  iiifiacnccs,'| 
but  rcmnins  aii'l  causes  irritation  nn.l  intlammation, 

The  third,  or  inferior  maxillary,  diviston  (g)  unites  all  of  the  motor 

filaments  of  the  fifth  nen.'e.  with  a  number  that  arc  sensory,  into  a 
plexus,  from  which  are  given  ofl; 

I.  The  rettirroji  ncni;  which  arises  from  the  sensory  root  and  enters 
the  skull  through  the  spinous  foramen  and  further  on  with  the  recurrent 
nerve  ot  the  second  division  sup])lie.>'  the  dura  with  .sen.sory  ^laments. 
From  it  pass  also  (ilamenls  through  the  petrososquamous  fissure  to  the 
mucous  membrane  of  the  mastoid  cells. 

3.  Motor  br<it:iiu-i  for  the  muscles  of  mastication;  the  masseteric 
nerve,  the  two  deep  temporal  ner\'es,  the  external  and  intenuil  pten,*- 
goid  nerves.  The  muscle-sensc  fibers  arc  probably  derived  from  the 
sensory  fibers.  • 

,^  The  bMcinatQr  is  a  sensory  nerve  for  the  muccms  membrane  of 
the  cheek  and  the  angle  of  the  mouth  as  far  as  the  Itps, 

According  tn  Joly«t  ftnd  Lnflont  it  conlaina  bc«Jdefl,  probably  in  the  \aM 
mstutcc  derived  from  the  sj-mpathetic,  vasomotors  for  the  mucous  membrane  cf 
the  cliet^k  and  the  lower  lip.  xaa  their  mucous  glands. 

As  iifirr  rlivjinon  of  the  trigeminuK  thin  rvKion  of  the  mucous  rocmbrnn*! 
becomes  ulcrr^itcd,  it  has  been  thought  that  the  buccinator  contains  also  trDiihiM 
fibers.  Roltct.  howi-vcr.  called  attention  to  the  fact  that  section  of  the  uiinl^ 
division  cau.wa  {lurnlysi.s  of  the  muiiclr!!  of  masticatJoa  on  the  same  side,  and 
a  result  the  tvcth  do  not  come  in  \-crticat  apposition,  but  arc  pushed  aguost  tl 
check.  In  addition,  in  consequence  of  the  anesthesia  in  thu  moutli,  remnants  '  . 
food,  often  inguflTicicntly  tomrainutcd.  nraxin  in  contact  with  the  ohMks,  and' 
irritate  the  mucous  membrane  both  mechanically  and,  as  a  re«uU  of  dccooipnri* 
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tion,  also  chcraicull)*.  Subeequcnilv,  hy  reason  of  th«  abnormal  altritioa  ol  th« 
tcctti,  iilccrs  foitn  also  on  the  h^Althy  side,  llic  assumption  oi  tropbic  Abert  ii, 
thereiort,  not  justiiied. 

4.  The  tingiml  nerve  (k)  receives  at  an  acute  angle  the  chorda  tym- 
pani  (i  i),  a  branch  of  the  facial  nerve,  after  its  exit  from  the  tympanic 
cavity.  The  lineal  contains  no  motor  fil>crs;  it  is  the  sensory  and  tactile 
nerve  of  the  tongue,  the  anterior  palatine  arch,  the  tonsil,  and  the  lioor 
of  the  mouth.  Irritation  of  this  nerve,  as  well  as  of  all  of  the  remaining 
sensory  fibers  of  the  cavity  of  the  month ,  excites  reflex  secretion  nf  saliva. 
In  addition,  the  lingual  is  the  gustatory  ner\'e  for  the  tip  and  margins 
of  the  tonjfuc  (which  arc  not  supplied  by  the  gIossopliar>-ngeal  ner\'c), 
forafterdivision  of  the  lingual  ner\'e  in  man.  Busch.  Inzani,  Lussana.  and 
others  observed  abolition  of  tactile  sensation  upon  the  entire  half  of  the 
tongue  and  of  the  sense  of  taste  upon  the  anterior  portion  of  the  tongue 
These  fibers,  however,  are,  as  a  rule,  derived  from  the  chorda  tympana, 
as  has  been  pointed  out  in  the  description  of  the  facial  nerve. 

According  to  SchilJ.  the  lingual  nerve  itseU  contains  gTistatory  fibers,  and 
this  view  in  snpjiormd  by  caMs  ofErb,  Senator,  Zieltl,  Schreier,  and  others.  Thettfr 
are  j>robably  exceptional  cuan.  A,  Schmidt  liclii-vwi  tliat  th«  pistatnry  lilieni 
reaCQ  the  brain  tnroiigh  the  trunk  of  the  Sflh  nerve  in  the  foTlowini;  manner 
(Pig.  »43):  chorda,  facial  trunk,  connection  with  th*  lesser  superficial  petrosal 
nerve  (S),  otic  sanglion.  third  ritvision.  tnink  of  the  fifth  ntrve.  In  thi^  interior 
of  the  tongiic  the  linguiJ  filaments  arc  supplied  with  Hmall  t^Angtia.  The  lingual 
appears  to  receive  vasodilators  for  the  tongue  and  the  gums  irom  the  chorda. 
After  ^iN-isiun  of  the  tri)cetniiiu»  animals  vflen  bite  the  tongue,  ivhose  position 
and  m<^vemL-nt  in  the  niMUth  ihe-.y  are  unable  to  feel,  and  in  eonicquencc  mjuries 
and  inllamm.itiona  often  result. 

5.  The  injcrior  ahrolnr  tienx  is  the  tactile  nerve  of  the  tongue  and 
the  gums;  the  vasomotors  pass  through  the  superior  cervical  ganglion. 
Before  entering  the  alveolar  canal,  it  gives  off  the  mylohyoid  nerve. 
which  supplies  the  motor  fibers  for  the  mylohyoid  muscle  and  the  ante- 
rior  bctly  of  the  digastric,  and  likewise  filaments  for  the  triangularis 
menti  and  the  platysma ;  muscle-sense  6\mrs  also  probahly  are  contained 
in  these  filaments.  The  mental  nerve,  which  makes  its  exit  from  the 
mental  foramen,  is  only  the  tactile  branch  for  the  chin,  the  lower  lip. 
and  the  skin  at  the  margin  of  the  jaw. 

6.  The  aurictilotemporal  *terf£  (A)  sends  sensory  fibers  to  the  an- 
terior wall  of  the  external  auditory  canal,  the  t>Tnpanic  membrane,  the 
anterior  portion  of  the  car,  the  adjacent  temporal  region,  and  to  tlxe 
inferior  majtillary  articulation. 

In  Fig.  344  thr  area  of  distribution  of  the  trigeminal  branches  tn  the  head. 
a&  well  as  that  of  the  ce^^'ical  nerves.  Is  indicait-d,  and  from  this  the  nerxies  in- 
volved can  be  dett-niiint-d  in  the  presence  of  morbid  alTeciions  (neuralKi.t..  anex- 
ihesia)  involving  ihi-  parts  mcntionrd. 

The  otic  ganglion  is  situated  beneath  the  oval  foramen  upon  the 
inner  aspect  of  the  third  division.  There  enter  into  it  as  roots:  i. 
Motor  filaments  from  the  third  division  itself,  a.  V,iBomotor  filters 
from  the  plexus  of  the  middle  meningeal  artery  (therefore  pa&sing 
through  the  superior  cervical  ganglion  of  the  sympathetic).  3.  From 
the  tympanic  branch  of  the  glossophan,'ngeal  ner\-e  filaments  pass  to  the 
tympinjc  plexus  (Fig.  143,  *).  thence  through  the  petrosal  canal  in  the 
lesser  superficial  petrosal  nerve  into  the  cranial  cavity,  then  through  the 
sphenoidal  fissure  into  the  otic  ganglion  (m).  Through  the  chorda 
tympani  tlie  facial  neni'c  is  in  constant  connection  with  the  ganglion, 
;ti3t  te/owv  which  it  passes  (Fig.  243,  m,  i). 
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into  direct  relations  with  the  auricular  branch  of  the  vagus  (J),  which 
crosses  its  path  in  the  miistoid  canal  and  from  which  it  may  receive  sen* 
sory  fibers. 

6.  After  making  its  exit  from  the  canal  the  facial  ner\-e  gives  off  only 
motor  branches  to  the  stylohyoid  iimscle  and  the  posterior  belly  of  the 
digastric,  to  the  occipital  muscle,  as  well  as  to  all  of  the  muscles  of  the 
external  ear  and  of  the  face,  to  the  buccinator  and  to  the  platysma.  It 
contains  also  sweat-fibers  for  the  face. 

Although  the  facial  nerve,  in  mo«  of  i«  branches  on  the  face,  is  under  the 
control  (if  the  will,  mast  pcreiMiH  nr*  unabte  to  tnovi"  voliintftrily  the  musclen 
of  the  ttpsr  and  ttic  auricle  Litndois  vras  able  to  contract  tbe  tronsverw  snd 
oblique  miucles  o(  the  aithcle.  a  rumbling  sound  being  al  the  some  tinrte  audible  m 
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lhaecHT«q)oni]ing  car  from  chc  flcxi&nof  the  cattUA|c  of  ihc  cxtcmal  «ar.  He  was 
able  also  to  conlracl  ':!nc-liall  of  the  orbicularis  on>  of  the  lower  lip-  According 
to  Mciidcl  the  fiiicrs  of  tin-  fiicial  for  th<;  orbicularis  take  their  origin  from  thv 
posterior  extremity  of  the  oculomotor  nucleus. 

On  the  face  the  facial  branches  unite  regularly  with  those  of  the  tri- 
geminus. In  this  way  the  latter  furnish  also  muscle-scnsc  fibers  to  the 
muscles.  The  peripheral  anastomosefi  of  the  sensory  branches  of  tbe 
atiricular  nerve  of  the  vagus  and  the  great  auricular  nen'e  have  the  same 
significance  for  the  muscles  of  the  car,  as  well,  finally,  as  the  anastomoses 
of  the  sensorj*  filaments  from  the  third  cervical  ner\*e  for  the  fad«I 
libers  of  the  platysma.     Division   of   the    facial   at   the   stylomastoid 
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foramen  is  painful,  but  still  more  painful  is  that  nf  tite  peripheral  facial 
branches,  as  will  be  obvious  from  what  has  lieen  stated. 

The  foregoing  iltu3tra.tion  ihowit  acxtirately  the  course  of  the  trunk  of  the 
facial  nerve  and  its  (upcrior.  midtllt  an<l  infcriiir  brsnchn  on  the  face,  as  well 
as  the  poioTs  whtrc  the  individual  motor  nbcrs  pass  into  their  muscles.  By  the 
application  0/  on«  clccircide  at  these  [luinis,  the  uthcr  beini;  itjiplied  to  an)*  in- 
different part  of  the  body,  the  indi%'idual  muscled  can  be  made  to  contract  elec- 
trically. The  electrodes  arc  applied  m  the  same  way  in  employing  electricity  for 
therapeutic  purposcfl, 

Pathologlcw. — In  connection  with  paralysis  at  the  facial  nerve  it  is  above  all 
imfXJTlutit  111  drtnminc  wheth<.T  the  scat  of  the  affection  is  n  peripheral  <me,  in 
the  neighborhood  of  the  stylomastoid  foramen,  or  in  the  course  of  the  long 
Fallopian  canal,  or.  finally,  central  (certbral).  A  careful  analvsis  of  the  symp- 
toms will  lead  to  a  conctuKion  in  thi*  respect.  A  fn:r)ui:nic;iuH;  fur  paralysis  at  the 
stylomastoid  fonuncn  is  desixnated  rheumatic  and  probably  depends  upon  exuda- 
tion paralywng  the  nerve  by  compTciision  (perhaps  at  the  situation  of  the  lymph- 
space  discovered  bv  Rudingcr  at  Ihc  inner  sulu  of  the  Fallopian  canal  Ixilwecn 
ike  perioKtcum  nnd  the  nerve,  an  cvapnotipn  of  the  arachnoid  sac).  Other  causet 
are  inflammation  of  the  parotid,  direct  traumatism.  pre«s«rc  of  the  obatwne 
forceps  in  the  new-bom,  In  the  course  of  the  canal  fractures  of  the  petrous  booe, 
eSusions  of  blood  into  the  canal,  syphiltuc  deposits,  caries  of  the  petrous  bone, 
principally  in  connection  with  inIlamm»ii<An  t>{  Uic  middle  car.  are  to  oe  mentioned 
as  causes  of  the  paralysis.  Amone  intracranial  causes  there  should  finally  be 
mentioned  affections  of  the  ccrcbrftl  membranes  and  the  baie  of  the  slcull  in  the 
vicinity  of  the  nrrve,  diseiise  of  the  facial  nucleus,  and  finally  nf  the  cortical  center 
for  the  ncr^■e  and  the  connections  brtwwn  this  and  the  nucleus. 

The  ayraptoms  of  ■unihleral  jacial  palsy  arc  as  follows:  i.  Paralysis  of  the 
muscles  of  the  fac«:  the  forehead  is  smooth,  free  from  furrows;  the  palpebral 
fissure  is  open  (paralytic  lagophthalmos),  with  the  external  canthuR  at  a  lower 
level.  The  anterior  surface  of  the  eye  readily  becomes  dry,  and  the  cornea  appears 
dull,  chiefly  because  the  distribution  of  tears  is  interfered  with  by  absence  of 
winking,  and.  in  consequence  of  the  dryncu,  slight  inllnmmatory  irritation  may 
result  (xerotic  keratitis).  According  to  some  observers  the  facial  ner\-c  is  believed 
to  be  the  secrctorj'  nerve  (or  the  lacrimal  gland  {so  that  the  secretion  of  tears  is 
Interfered  with  when  the  nerve  is  naralvzed)  and  the  vasomotor  nerve  for  the 
conjunctiva.  Its  course  is  bclio-ed  to  be  as  follows:  facial,  greater  superficial 
petnraal  nerve,  sphenopalatine  ganglion,  second  division  of  the  trigeminus,  orbital 
nerve.  In  order  to  pioteut  the  eye  from  exposure  to  liKhl,  the  patient  generally 
rotates  the  globe  upward  and  outward  beneath  the  upper  eyelid,  and  relaxes  the 
elevator  of  the  upper  eyelid,  so  that  the  lid  droops  somewhat  The  nose  cannot 
bo  moved,  and  tne  nasolabial  fold  is  obliterated  In  consequence,  the  sense  of 
smell  may  be  impaired,  because  the  nasal  oriAce  can  no  longer  be  dilated.  The 
derangemrnt  of  smell,  however,  is  due  principallv  to  the  defective  dixiribution  of 
tears  (in  consequence  of  paralysis  of  winking  and  of  the  muscle  of  Homer},  which 
leaves  the  corresttiondin g  side  of  the  nasal  cavity  dryer  than  normal.  Horses, 
which  in  breathing  visibly  dilate  the  nostrils.  Jire  said  either  to  die  after  bilateral 
division  of  the  facial  nerve  from  interference  with  respiration  or  at  least  to  sulTer 
from  marked  respiratory  difiiculty.  Tlie  entire  face  is  drawn  toward  the  unaf- 
fected side,  so  that  the  noae,  the  mouth,  and  the  chin  gciieraJly  occupy  on  oblique 
esition.  In  congerjuence  <^  paralysis  of  the  stylohyoid  muwic  and  the  portcnor 
lly  of  the  digastric,  the  base  of  the  tongue  on  the  pnrnlvj^ed  Bide  may  occtipy 
a  lower  level,  and  on  forced  movement  of  the  base  of  the  tongue  this  organ 
may  undi-rg'i  a  deviation  toward  the  un.ntTccied  side.  Paraly^s  of  the  buccinator 
intcrfen-s  with  the  normal  formalion  of  the  bolus  of  food,  which  collects  in  the 
concavity  of  the  relaxed  checks  from  which  the  patient  must  eventually 
remove  it  with  the  fincera.  Saliva  and  fluid  readily  escape  from  the  angle  of  the 
mouth.  In  strong  expiration  the  cheek  is  distended  like  a  sail.  Speecii  may  be 
interfered  with  in  consequence  of  difficulty  in  forming  the  labial  consonants 
(particularly  wh>>n  the  paralysis  is  bilateral)  and  also  the  vowds  0^6.  Speech 
beeomci  nasal  in  the  presence  of  (bilateral)  paralysis  of  the  branches  to  the  muscles 
of  the  palate  Whistling,  suckling,  blowing,  expectoration  are  interfered  with. 
Bilatfrat  paralysis  causes  many  of  these  symptoms  in  exaggerated  degree.  Othcn. 
such  as  the  oblique  position  of  the  face,  naturally  are  wanting.  The  face  is  com- 
pletely relaxed,  without  any  play  of  expreasion.  and  tJw  patients  cry  and  laugh 
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"bb  tMhind  a  mask."     3.  In  the  presence  of  paralysis  oj  tiu  ttotau.  the  umla 
1*  ifelltcted  toward  the  unaflected  sid«,  and  the  paralyzed  hall  of  cbe  palate  is 
depressed  and  relaxed  and  cannot  be  elevated (ercatcr  superficUl  petrow  nerve). 
It  nunot  as  yet  been  determined  whether  and  to  what  extent  it  afiects  the  mo%'v 
menls   of  swallowing  and  the  formation  ot  consonants,     i.  InipairmttU  oi  thti 
strut  oj  fasit  (either  absence  upon  the  antoriLT  two-thinls  ofthe  tongue  or  oeUy^ 
and  alterntion  in  the  scniiatioin)  results  in  accr>fd&nce  with  what  hat  been  slated] 
cooceming  the  chorda  tympani.     4.  ! Jimtnuttott  in  ih*  t*eretic>H  of  saliva  upon 
the  paralysed  side  was  Arat  described  by  Arnold,  although  it  wiU  have  to  I*] 
determincil  to  what  extent  any  impairment  of  taste  that  may  be  present  at  tha ' 
same  time  may  Rive  rise  Vi  interfcn-ticc  with  the  reflex  secretion  of  saliva,  <»rj 
whether,  possibly,  increased  cvaporatioTi  of  saliva  from  the  separated  lips  aod  tho^ 
angle  of  tiie  mouth  may  result  in  greater  dryness  of  the  affccteil  side  of  the  mouth.  1 
5.  Since  the  time  of  Roux  increiwed  attention  ban  been  called  to  acuity  of  luoring  ] 
(osyakoia  or  hypcracusis  of  Willis).     The   paralysis  of  the    stapedius   muscle 
causes  oscillation  of  the  stapes  in  thn  oval  window,  so  that  impulses  from  the ' 
tvmpamc  membrane  are  strongly  transmitted  to  this  bone,  which  in  turn  givea 
nse  to  marked  oscillations  in  the  labyrinthine  fluid.     Leu  commonly,  in  conce- 
quance  of  paralysis  of  the  stapedius  muscle,  it  is  observed  that  deeper  notes  ere 
heard  at   a   greater  distance  than  upon  the  unafTectcd  side.     6    As  the  facial  | 
nerve  in  man  appears  to  contain  sweat-dbers.  it  is  clear  that  with  the  occurrctKcJ 
of  atrophy  of  this  nerve  his  0}  jwtating  in  the  face  must  result.     7.   Derangement , 
of  scnabiltty  naturally  cannot  occur  in  connection  with  pure  central  afEcctions  ol  ■ 
the  facial  nerve.     As,  however,  numerous  scn8or>'  fibers  enter  the  peripheral  por-1 
lion  of  the  nerve,  i>cripheral  parat>~sis  will  be  attended  with  a  certain  limited  j^ 
impairment  of  Ecnsibility  (principally  affecting  the  mutcle-scnsc)  in  the  face.  1 

Division  of  the  faciAl  nerve  in  voung  Animals  cauae«  atrophy  of  tite  related] 
muscles.     Therefore,  the  bones  of  the  face  ate  retarded  in  their  grovrth.     They 
remain  smaller  and  the  bones  of  the  oppomle  tide  tinallv  extend  beyond  the 
middle  line  toward  the  alTected  side      Also  the  salivary  gl^inde  remain  smaller. 

Irritation  oj  the  facial  newt  gives  rise  to  circumscribtd  or  disuse,  dirtct  or 
TtfUx,  tonic  or  clonic  spaxm.    The  difluse  form  of  spasm  is  designated  mimetic 
facial  spasm.     Among  Uie  forms  of  circumscribed  soasm  tonic  tpasm  0/ the  eyelids, 
blepharospasm,  is  the  most  frequent,  being  causeo  by  stimulation  01  the  sensory* 
nerve  of  the  eye,  princioalty  in  connection  with  icrofulous  infJammatioo  of  tnsj 
eye  or  in  conieq-iivncc  01  excessive  irritability  of  the  retina  (photophobia).     Lest'] 
commonly  the  irritation  is  transmitted  from  a  remote  point,  for  example  in  one, 
ease  in  consequence  of  inflammatory  irritation   of  the  anterior  palatine  arch.' 
The  center  for  reflex  stimulation  is  the  facial  nucleus.     The  clonic  form  of  spasm, 
abnormal  winking  (^pngmui^  nictitnns).  is  gcnurally  of  reflex  origin  through  irrita- 
tion  of  the  eyes,  the  dental  nerves  or  even  remotely  situated  nerves.     In  marked  ' 
cases  the  disorder  is  bilateral,  and  the  spasm  may  extend  to  the  muscles  of  the] 
neck,  the  trunk  and  the  upper  cxlremities.     Twitching  of  the  muscles  of  the  lipa 
is  caufcd  in  part  by  emotional  influences,  in  part  byrcflea  influences.     Fibrillary' 
iv/itching  appears  uao  in  the  sequence  of  paralysis  of  the  facial  ncr^e  as  a  dc>j 
gienerutive  pnenomenon.     In  dogs  Schi^  observed  for  yeiin  fascicular  twitching 
in  the  paralysed  facial  area,  which   in  con  I  r.n  distinct  ion  to  fibrillary  twiteJungs, 
could  be  excited  rcflexly,  and  to  which  Schifi  attributes  the  oblique  position  oti 
the  face  in  man.     Intracranial  irritation  of  the  roost  varied  form,  affecting  tht 
cortical  center  or  the  nucleus  of  the  nerve,  may  likewise  cause  spasm.     Fiually, 
facial  spasm  may  occur  as  part  of  Eenerat  convulsions,  such  as  attend  epilepsy, ' 
eclampsia,  chorea,  hysteria,  and  tetanus.     Arctecus  (81  A.  D.)  made  the  inccrestingi 
obaervation  that  tlie  muscles  of  the  auricle  take  part  in  the  convuluons  of  tetanus.  ] 
With  renpcct  to  the  influence  of  irritation  of  the  facial  nerve  upon  the  senw  of  I 
taste  information  must  be  derived  from  future  careful  investigations.     Rarely, 
spasmodic  elevation  of  the  palate  and  increased  salivation  have  been  described' 
in  connection  with  irritation  of  the  facial  nerve.     Moos  observed  profuse  sccntionl 
of  sahvn  on  imtation  of  the  chorda  in  conEequenee  of  an  operation  in  tha  tyBmanie] 
cavity.     Aristotle  hnd  already  ^^b6e^^■ed  transitorj*  impairment  of  hearing  during^ 
the  ait  of  yawning  and  this  has  been  attributed  bv  Landois  to  spasm  of  the  stape- , 
dim.     This  is  the  aniilhesis  of  the  hyperacuiii*  of  Willss      In  conjunction  with 
this  there  occurs  a  frcbU-  droning  syiind,  ilur  :<■■  the  vibrations  of  tlie  labyrinth 
induced  by  the  contraciinn  of  ihc  niMr^tc  nanied.     Gottatein  observed  in  one  ca«r 
this  stapedius  dmniDg  tc  iLally  in  addition  to  blepharospasm. 
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Two  loots  serve  (or  the  origiii  of  tbc  auditor>'  ncr\'c,  on  aiit«nur  median  root 
with  couse  Sbeii,  aad  a  posterior  Utcrsl  root  with  fine  iiticrs,  1'h«  vestibular 
nerve  arises  from  the  former,  the  cochlear  nen-o  from  tht  latter  The  (wo  are 
entirelv  distinct  \a  the  sheep  and  the  horse.  Each  vestibular  and  cochlear  nerve 
arises  from  a  peripheral  gnnglion  (the  vestibular  ganglion  in  the  internal  auditory 
canal  and  the  spiral  ganglion  in  the  cochlea),  constituted  like  the  spinal  ganglia. 
and  at  the  same  time  the  trophic  center  for  the  tibers.  Itiio  eacn  gan- 
^liuii-cell  there  cnten  a  cclluli[N;lal  dCTHlritc  passing  from  the  seoiory  epithefium 
m  the  tabyrintb.  while  on  the  other  band  each  cell  sends  to  the  medullB  oblongata 
a  cellulipetal  neuritc  to  the  nuclei  of  origin  of  thi;  auditory  nerve,  yriib  whose 
cells  it  comes  in  contact  by  mcars  of  Icrminjil  liluments  and  collaterals.  The 
vestibular  nerve  is  essentially  connected  with  gray  matter  that  is  in  relation  with 
the  ecrcbclluai  and  probably  subserves  the  purpose  of  maintaining  the  equilibrium. 
From  the  origin  of  the  cochlear  fibers  the  main  portion  paasee  on  the  opposite 
aide  to  the  posterior  a uatiri geminate  \n>iiy  and  the  internal  geniculate  body  and 
further  (particularly  tnrough  the  lower  tillct,  the  upper  olive  and  the  trapezoid 
body)  to  the  temporal  lobe  of  the  cerebrum,  ia  which  the  psycho-auditory  cortical 
center  is  situated.  After  extirjtation  of  the  ic^mporal  lobe  its  fibers  through  ^e 
corona  rudlata  atrophy  into  the  internal  capsule,  as  well  as  fibers  in  the  posterior 
quadrigcminate  body  and  tlic  internal  geniculate  'body.  The  stria:  acustica;  rep- 
resent a  central  patn  for  the  lateral  autlitory  root.  They  form  a  secondary  pro- 
jection-system of  the  auditor)-  n«r%'e.  decusaating  somewhat  hkc  a  chiojmi.  The 
nuclei  of  origin  of  both  auditory  nerves  arc  connected  in  the  brain  by  commiMural 
libers  In  tho  internal  auditory  canal  root-fibers  pass  from  tho  intermediate 
portion  into  the  auditorj*  nerve. 

The  atiditory  nerve  has  a  double  function:  in  the  first  place  it  is  the 
ner%'e  of  hearing.  Every  irritation  at  its  origin,  in  its  course  or  in  its 
terminal  distribution  causes  auditor^' impressions  ;everj'  injurj'.  in  accord- 
ance with  its  intensity,  impairment  of  hearing  to  the  point  of  deafness; 
also  destruction  of  the  labyrinths,  the  cud-organs  of  the  auditory 
nerves,  causes  cotnplete  deafness. 

As  animala  after  removal  of  both  cochle*  tail]  react  to  coarse  sounds,  the 
ampullae  must  serve  for  the  perception  of  the  sounds,  and  the  cochlea  for  the 
appreciation  of  tho  remaining  auditory  qualitiea.  After  extirpation  of  the  laby- 
rinth the  auditory  nerve  undergoes  atrophy  in  an  upward  direction. 

Entirely  distinct  from  the  auditory  is  the  function  of  the  nerve  that 
is  localized  exclusively  in  the  semicircular  canal.i.  namely  that  govering 
the  necessary  movements  for  the  maintenance  of  the  bodily  equilibrium, 
through  stimulation  of  the  peripheral  distribution  in  the  ampulla. 

Of  especial  importance  is  the  behavior  of  the  auditory  nerve  in  response  to 
the  galvanic  current.  If  an  electrode  ia  pinccd  in  a  healthv  person  upon  the 
ttapis  an  each  side,  it  will  be  found  that  upon  the  anodal  side  with  closure  of 
the  current  silence  occurs,  on  opening  the  current  a  sense  of  sound,  while  the 
opposite  takes  place  upon  the  knthridiil  siitir  (Bivnn(.-r' k  normnl  formula).  If  one 
electrode  is  placed  on  the  tragus  and  the  other  is  held  in  the  hand,  the  same  result 
is  observed,  except  that  the  sound  upon  the  unarmed  ear  is  much  feebler.  The 
sound  Agreesexacily  with  t\if  rvKonuncc  funiliimental  tone  of  the  sound -conducting 
apparatus  of  the  car  itself. 

The  appearance  of  this  sound  is  to  be  explained  in  the  following  manner:  In 
the  middle  car  there  exists  a  permanent  blood-murmur,  to  wliich  the  system  of 
cavLtiea  of  the  middle  car  resonates  with  its  fundaraerlal  tone.  In  consequence 
of  habituation  this  tone  is.  as  a  rule,  not  noted,  but  it  appears  at  once  if  the  auditory 
nervu  is  placed  in  a  condition  of  increased  irritation,  namely  (in  the  sense  of 
electrotonus)  on  kathodal  closure  and  anoUal  opening. 

According  to  Gradcnigo.  Pollak,  and  Gurtner,  tV'  auditory  nerve  in  healtliy 
persons  does  not  react  at  all  to  currents  of  moderate  strength.  Only  in  the  pres- 
erwe  of  hypcremic  and  irritative  states  of  the  auditory  apparatus  does  a  reaction 
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(TrmtsscAu's  gastric  vertigo).  This  condition  may  roitilt  Tn^in  iiritatiun  of  the 
vasomotor  neircs  of  ihi-  labyrinth  sct'>iitlnr>'  lo  thnl  oi  the-  gastric  nerves,  pro- 
ducing an  influence  upon  ihc  pressure- relations  of  the  cndolympli.  IniesttnAl 
vertiKO,  lu-j^geal  vertigo  and  tirethnil  vertiK"  li»vc  Iwien  dcHCril^cd  lu  occumnR  in 
on  BiialogOUS  nMnncr. 


IX,    GLOSSOPHARYNGEAL  NERVE. 

The  glossopharyngeal  nen.'c  arises  from  three  nuclei : 
I.  The  Beniiiir>-.  giutKlory  nucleus.  ctnisliliHt-tl  of  smsU  mUs.  is  situated  near 
ilic  ala  cinerca  lo  (he  side  of  the  hypoglossat  nucleus  just  beneath  the  floor  of 
the  fourth  ventricle.  Tlic  I'tbcni  related  to  Lhia  nucleus  arise  actually  from  periph- 
eral Kanglicin-cclUdpiOKliunic  plexus  of  the  linKuul  brunch).  From  these  [icriphcral 
ganglion-cclU  the  ccUulifug;d  rcimtcs  «nter  into  contact  in  the  sustatory  nucleus, 
the  ccllulipelal  dendrites  arc  derived  from  the  neighborhood  oi  the  »cn»e-eellB  of 
the  tongue.  »  The  motor  nucl«tis  is  constituted  o(  larger  cells  (ind  is  more 
dwtply  situated.  It  patuieii  withuut  sharp  limitution  into  the  motor  nucleus  of  the 
vanu  and  sends  as  neurites  motor  lilHTS  lo  the  ninth  and  also  lo  the  tenth  nervp. 
3-  The  sensory,  descending  root  is  situated  at  the  aide  of  the  solitary  bundle, 
and  n-ith  it  uUo  tiln.TneiitK  frmii  the  vkkur  siv  axsociated.  Die  re]^  of  the 
jugular  and  petrosal  Eanjili.i  serve  for  its  origin ;  from  them  neurites  pass  into  the 
medullary  nucleus,  while  the  dendrites  arc  derived  from  the  mucous  membrane  of 
the  phar>Tix.  The  most  anterior  portion  of  the  .icnaory  nuc1cu»  of  origin  is  con- 
sidered as  the  root  of  the  port  10  intermedin  of  Wrisbcrg. 

The  tltamenle  unite  to  forni  two  nerves,  which  subseiuently  coalesce,  and 
leave  the  medulla  in  front  of  the  vagMS  CPig.  >*')  Close  to  the  point  of  exit 
it  forme  the  jugular  ganglion,  then  m  the  petrosal  fossa  the  petrous  ganglion 
(Pig.  J46).  In  the  jugular  ganglion  the  nerve  anastomoses  with  the  trigeminus, 
the  facial  CP'g-  »43- «  and  f^).  the  vagus  (Fig.  94*)  and  the  carotid  plexus. 
Prom  this  ganglion  there  ascends  vertically  the  tympanic  nerve  (Fig  043.  > ) 
into  the  tympanic  cavity  lo  unite  with  thc'tympanic  plejius  This  branch  gives 
sensory  branches  also  to  the  tympanic  cavity  and  the  Eualacliian  lube.  Further, 
through  the  lesser  superficiiil  petrtisal  nerve  it  tnuismiis  fibers  for  the  salivary 
secretion  of  the  parotid  gland  (m  the  dog). 

Functionally,  the  glassophar>-ngeal  is:  i.  The  gustatory  nerve  for 
the  posterior  third  of  the  tongue,  the  lateral  portion  of  the  soft  palate  and 
the  glossopalatine  arch. 

The  gustatory  activity  of  the  anterior  two-thirds  of  the  tongue  ha*  been 
discussed  in  contieclion  with  the  coo  si  deration  of  the  lingual  nerve  and  of  the 
chorda  tympani.  The  lingunl  branches  are  provided  with  ganglia,  principally  at 
the  plexushKe  points  of  division  and  At  the  base  of  the  vallate  papillic.  The 
terminal  branches  can  be  traced  to  the  circumvallatc  papilla  (Fig.  143,  U),  whose 
Loste-buds  they  surround  as  telodcndntes. 

J.  The  glossophar>'ngeal  is  the  motor  nerve  for  the  stylopharyngeus 
muscle.  Nevertheless,  the  motor  fibers  of  origin  later  pass  aUo  through 
Ibe  pharyngeal  branches  of  the  vagtis. 


KlO.  t*6,  p.  wt. 

DUtramtraUk  RapnaMititlmiH  theOlMriliutlaaotthEVifiusaitAcMaKn  Ntmt:  m. eiU  nl  th*  let!  trunk 
<d  ih*  tiKUJ  (ram  ttic  iruioJ  coity.  (id|.  n^t  ^ukui.)  g,  GlaaupfaujCK'*'  oeoc-  T.  Ftdtl  nerve,  i, 
I}m{» poMfilar  luncnLu  linnch  of  the  laclal.  i.  I'tiirfiiatal  tirUKb  ol  Uk  rijiiu.  6.  Fhtnnitii  tmndi  at 
(be  |loBOptiuj>n«kl  }.  Sii[M-iii:<i  liU]iDt|i3l  nrric.  mlji  lu  tbtitaauilrt  if)  vAlh  Ikr  lyiniiaihfiic  and  bi 
AtiuM  (4>  inio  lat  inlmui  liranc'h  (t)  and  ihe  utcm*!  tnacdi  ((}■  }.  tDlaUv  or  iccumnl  Uiyiuial.  •>. 
Auriculw  branch  ri  On  vuut.    CutUw  vtrrtt:  i.  ufdUe  bniidie*  Imn  ihe  ininJi  ol  the  vmui  ud  fttaa 


Aunouw  branch  ri  On  vuut.  Cueiw  ncrK*:  r  UKlUe  bniutie*  Inm  ihe  ininJi  ol  the  vuui  mi  tttatt 
ih«  RiBcnFi  latTiwtal'.  I.  h.  ihe  Oirm  cardiM  bmxhc*  Itdid  the  ntciinr  (S),  ndd-Uc  it),  ud  iclcrior  (r) 
crivinl  r>n]tlU  cf  the  lympailieiic.    k.  Awa  VieiUKnii.    (,  Cudiie  bniKb  (ram  the  tccumm  oenc   2, 

< — ,1.  A. : —  — \antti\oi  pulmonuT  pltaujei.     c,  EKphu**)  filfiiu.     «,  a,  Uviric  \maiAm  M 

lib  UiF  hc^lic  bfsnclia  (•■>.    et.  Celiic  plenii.    i.  The  iiiluiduiJc 


inenha  wiib  Uif  hc^iic  brsnclia  In),    et.  t.'«luc  plenii.    t.  Tbt  ipluithiiic  iicrt«.    ii, 
oi  WiUii,  *bi<  h  Kiiili  ilt  ioDO  hnMh  inlo  ihrun^ttorrn  plpTus  Cif  t)i  e  vuim:  iltoutnbnnA 


Luu  wiih  the  UMennr  and  | 
Ibc  Kit  Ttcuv  in 

mrraiuvcnl      _ _ .^  .      __ .    

I  niib  Gb«n(*()ibi  iicini](l<'i<ii'muioiilinuKlclJii}>iM(iM))ilK  tcapuiui  (t't).    O,  Eitasal  audiiary 

O*.  Iln»l  ^JBor.    K.  Thyroiil  (aniluf-    J".  Trachtn.    ff,  Hra»l,    P.  I^ilnioni^  artny.    A.  A, 

u0ii  umid.    (,,  Left  onilul-    S.  Kisbi  lubdavus.    >.  Left  nibdariaa.    Z,  Z,  Uuplinim, 

ttn.  Ailnroil  uidii.    U.  aomadt.    ■.  Stitnt-    U.  Lung  txii  titer.    (TTie  viacna  trv  nducxt 

— **l»i(i  <it  ihr  Cnunr  a(  IW  ncprn^i  Kurt  (lit  un'sio  Irwm  ihr  Yicuf  It  tlmaicd 
*9ti  tlM  Aoaletaua  lliancb  iit  Ihr  hTrnpiIhrttc  Sir^t  (iri  Ihccsl). 
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3-  The  glossopharyngeal  is  the  season*  nerve  for  the  posterior  third 
of  the  tongue,  the  anterior  aspect  of  the  epiglottis,  the  tonsils,  the  an- 
terior palatine  arches,  the  soft  palate  and  a  portion  of  the  pharynx. 
These  nerves  exert  an  inhibitory  influence  tipon  the  act  of  deglutition 
and  that  of  respiration.  They  cause,  as  do  likewise  the  gustatory  fibers, 
reflex  secretion  of  saliva. 

4.  The  salivary  hbers  are  desrrihed  on  p.  359. 

5.  A  branch  accompanies  the  lingual  artery.  This  is  vasodilator  for 
the  posterior  third  of  the  tongue. 

Definite  patholngtcal   obKcrvations  in   man  nrferabk   lo  pure  and  tsolai«d, 
affections  of  tnv  ninih  nerve  are  wanting;. 


X.    VAGDS  NERVE. 

The  origiii  of  the  vagus  in  connection  with  thai  of  the  ninth  and  eleventh 
nerves  ooiu^ts  of:     i    A  seosory  nucleus,  constituted  of  amall  celt.<t.  Hituaied  tu 
th<  doTHiil  iia[iect  of  ihc.  hyixi^lo.snul  nuclcu.s  (Fi^  24H       1,   Other  filxrr*  of  origii 
arise  from  a  snlitAry  bundle  of  lonKitudtnal  fibers  (Lcnh ossicle's  bundle.  W.  Krausc^ 
rcspiraiwry  bandlc)  siiuatcd  <.«!  iht  o«lcr  wd«  of  the  nucleus  and  cxiendini;  down-l 
ward  into  the  cervical  cnliirp^ctncnt  of  the  npinol  cord,     3     Finally,  a  motor  nucleoli 
(nucleui:  Ambiguus),  tituntc.d  further  inwnrd  nnd  a  continuation  of  the  ant4Tior< 
hoffl  of  the  spinal  eorH,  gives  off  fitwr?  (rnri  i-ithor  siHc. 

The  vagus  leavts  the  medulla  cblung.'iia  behind  the  niuih  ner^'c  (Vtg.  »4*) 
bjr  means  of  from  to  to  15  lilamentM  betueer  ihr  |iyraini(]al  and  lateral  columns 
and  forms  at  the  juini'^r  foramen  the  jiiffular  ^janghon.  which,  together  with  the 
gaa^iform  plexus,  behaves  hke  a  spinal  ganshon  with  reference  to  the  fibers  of 
origin.     Its  oranchea  contain  fihers  of  varied  function. 

The  sensory  nintin^fal  hraiwh  (from  the  jugular  ganglion),  in 
Bociation  with  vasomotor  libers  from  the  sympathetic,  follows  the  pos-' 
terior  branch  of  the  middle  meningeal  artery,  and  also  sends  branches 
to  the  occipital  and  transverse  sinuses. 

In  ciDx*  of  marked  cerebral  congestion  and  indainmittion  uf  the  dura  mstcr 
irritation  of  this  branch  may  cauK  vomiting' 

The  auricular  branch  (Fig.  346.  au),  from  the  jugular  ganglion,  re- 
ceives a  communication  from  the  petrous  ganglion  of  the  ninrh  nerve; 
then,  passing  through  the  mastoid  canal,  itcrosses  the  path  of  the  facial_ 
(~),  which  it  is  supposed  to  supply  with  sensory  fibers.  In  its  furthc 
course,  it  gives  sensory  fibers  to  the  posterior  portion  of  the  auditory  canal 
and  the  adjacent  portion  of  the  auricle.  A  branch  passes  wit  h  the  posterior 
auriciilaT  nerve  of  the  facial,  to  which  it  gives  muscle-sense  fibers  for  the 
muscles, 

[rritaiion   of   this  branch,  as   by    inflainmalion  or  from  the   nrctencc  of 
foreign  bodies  in  the  external  auditory  canal,  may  cause  vorailing.     Irritation  in 
the  depth  oC  the  exlenial  auditory  canal  in  the  urea  <>f  innervation  of  tlw  suricttJcrj 
branch  al^n  excitci:  rcttcx  cough,  leas  commonly  Kymptoms  of  cardiac  inhibHioa.j 
Finally  irritation  of  the  auricular  nerve  causei;  redex  contractioD  of  tlw  vanrrhj 
of  the  ear. 

The  (DiasUtitnlJc  branches  of  the  vagus  are  as  follows:  i,  A  branch 
that  connects  the  petrous  ganglion  of  the  ninth  directly  with  the  jugular 
ganglion  of  the  tenth  nerve.  Its  function  is  unknown,  J.  Just  above 
the  ganghform  plexus  of  the  vagus,  the  entire  inner  half  of  the  accessor^' 
nerve  enters  the  trunk  of  the  vagus.  This  transmits  to  the  latter  motor 
fibers  for  the  larj-nx  (through  the  rei-urrent  branch  of  the  vagus).  W 
the  pharynx  (?)  and  the  cervical  portion  of  the  esophagus  awl  tte 
stomach  (?),  as  well  as  the  card'  "wtory  fibers.    ,i.  In  the  gwg"* 
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form  plexus,  nhers  of  unknown  function  from  the  hypoglossal,  the 
superior  cervical  ganglion  of  the  sympathetic  and  the  cervical  plexus 
unite  with  the  %'agus. 

According  to  (tro»iii&nn  the  Rbers  for  Lhe  cricotliyroitl  ariK  in  rabbits  from 
th«^06«>pha^J^lE^al.  as  do  also  the  HeriiiK-Brciicr  jjulnifiniiry  tilx-nf  Aa^cntline 
to  wabower,  the  fibers  for  the  mu&clcs  of  the  lar^-nx  come  (ruin  the  vagiis  itself 
Acconlinif  lo  Krcidl,  tlic  fi\tcn  fur  thv  CHonhagua  arc  aitustcd  in  ih«  glossop1>ar>'n- 
geal  in  ihv  nibtiit.  but  enter  the  trunk  uf  the  vu^uh. 

To  the  pharyngeal  plexus  the  vaguK  (3)  sends  from  the  upper 
portion  of  the  Ranslifonn  plexus  one  or  two  branches  that  at  the  level 
of  the  middle  constrictor  of  the  pharynx,  together  with  the  pharyngeal 
branches  of  the  ninth  nerve  and  the  stipcrtor  cervical  ganglion  of  the 
sympathetic,  form  the  plioryugeal  pU'ius  &t  the  side  of  the  ascending 
pharyngeal  artery.  The  posterior  portion  of  the  trunk  of  the  vagus 
itself  supplies  through  this  plexus  the  three  constrictors  of  the  pharynx, 
as  well  as  the  ]>alftloglt)S5US  and  paIato7ihar>ngcus  muscles  (according 
to  obsen-'ations  on  the  ape)  with  motor  libera.  Kilaments  from  the 
middle  of  the  anterior  accessory  root  innervate  the  elevator  of  the  veil 
of  the  palate.  Sensory  libers  from  the  vagus  to  the  pharyngeal  plexus 
supply  the  phar>"nx  from  a  point  below  the  level  ol  the  veil'  of  the  palate 
downward.  These  fil»ers  stimulate  reflcxly  the  constrictors  of  the 
nharynx  in  the  act  of  deglutition.  In  case  of  considerable  abnormal 
irritation  they  are  also  capable  of  inducing  vomiting.  The  s\*mpathettc 
fibers  of  the  pharyngeal  plexus  give  vasomotor  fibers  to  the  vessels  of 
the  pharynx.  The  pnarvngeal  branches  of  the  ninth  nerve  ore  described 
on  p.  7o.i. 

The  vagus  sends  two  branches  to  the  Utrytix:  (u)  The  superioT 
laryitgcal  iirnv  (3),  which  after  receiving  a  vasomotor  filament  from  the 
superior  cervical  ganglion  of  the  sympathetic  divides  into  an  external 
and  an  internal  branch,  ( 1 )  The  external  hrmich  receives  from  the  same 
source  vaaomolor  fibers  (which  later  on  accompany  the  superior  thyroid 
artery)  and  it  supjilies  the  c-ricothyroid  muscle  with  motor  fibers  (which 
in  the  ape  are  derived  from  the  posterior  fillers  of  the  tniitk  of  the 
vagus)  and  the  inferior  lateral  portion  of  the  laryngeal  mucous  mem- 
brane with  sensory  fillers.  (1)  The  intenta!  hraiich  gives  off  only  sensory- 
fibers:  to  the  glottcepiglotlic  (old  and  the  adjacent  lateral  portion  of 
the  root  of  the  tongue,  to  the  uryepiKloltic  fold  and  to  the  entire  interior 
of  the  larynx  (in  so  far  as  it  is  not  sujiplied  by  the  external  branch). 
Irritation  of  these  sensory  branches  cause*  rellex  cough,  although  irrita- 
tion of  the  vocal  bands  does  not.  but  only  that  in  the  vicinity  of  the 
respiratory  glottis.  The  same  effect  is  brotight  about  through  the  sen- 
sory branches  of  the  vagus  to  the  trachea,  particularly  at  the  point  of 
bifurcation,  also  through  those  of  the  bronchial  mucous  membrane,  as 
well  as  those  of  the  f^mlnionary  tissue  and  of  the  pleura  when  altered 
by  disease  (inflammation  t.  Tlie  cough-center  is  supjioscd  to  be  situ- 
ated on  either  aide  of  the  raph*^  in  the  neighborhood  of  the  ala  cinerea. 
Severe  attacks  of  coughing  may  be  attended  with  vomiting  in  conse- 
quence of  irritation  of  the  phar>-nx  or  as  an  associated  movement. 
H^don  fcnind  in  the  superior  laryngeal  nerve  vasodilator  and  secretory 
fibers  for  the  mucous  membrane  of  the  lar>-nx  and  Kokin  in  both  larj'n- 
gcal  nerves  accretorj-  fibers  for  the  mucous  glands  of  the  larynx  and  the 
trachea . 

45 
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It  II  ti  n(>teworthy  (net  that  in  some  pcrnons  coughing  c«n  Iw  induced  hv 
initntioiii  uf  even  irmolcly  situated  wnsorj'  nerves,  for  exampk  at  the  exlems'l 
audilory  canal  (auricular  branch  of  the  vagus),  the  nauil  rau^inw.  im-mbmnr 
(trigeminal  coiigh  at  Sthailt-wald) ,  the  bvcr.tht"  uplfpii.  the  stomach  and  intcstirc. 
the  Htt-nis,  the  nwmmary  Kliind^,  the  ovaries,  and  c%"cn  some  portions  of  the  skin 
Whether  under  8uch  eircumslanecs  the  perhaps  alwiormallv  irritable  cwivh-crnn-r 
it  directly  stiinulatcd  cvairipetidly  thrutieh  the  irritutru  ticrvc,  or  whether  in 
consequence  of  the  nerve -icn  tat  ion  the  vascidarixati^n  and  the  secretion  of  ih« 
respirat-nry  or^nn  An-  tirst  afltxted,  and  m  lun\  c«visv  the  cuuKh-rcflex. 
must  bo  subnutlcd  to  future  inveBtigation,  althcii^h  to  the  writtr  ih<-  lalti-r 
appeared  the  more  probable. 

The  conjjth  indiiccil  through  irritation  <if  the  Irachra  and  the  bronchi  (dog. 
cat)  OGCurii  immediately  and  persists  as  long  as  the  irritation  eontinurs.  On 
irritation  of  the  larynx  there  occunt  linil  inhibitio:i  ii{  brrathing,  with  accompany- 
ing movements  of  (Iciihiiitton,  cough  occurring  only  on  ce«satic>n  of  the  imtation. 

The  superior  ]aryn|;cal  contains  further  ccniripctal  fibers,  irritation  of  which 
causes  iirnrM  of  breathing,  with  closure  of  tlic  i^lnttiK;  and  .-tl»i  I'lbrrs  that  rxcile 
movements  of  swallowing;  and,  finally,  centripetal  hbers.  irritation  of  which 
ntimulatcs  llic  vasomotor  center  to  increased  activity,  tlicrcfon-  dcMgiiatcd  |-fri*cr 
fibers. 

(6)  Tlie  injerior  laryngeal  or  recurrent  nerve  passes  on  the  left  around 
the  arch  of  the  aorta,  on  the  right  arourd  the  subclavian  artery,  and, 
ascendinj;  in  the  interval  between  the  trachea  and  the  esophagus,  gives , 
oS  motor  fillers  t"  these  stnicture-S  .ind  the  inferior  constrielor  of  thei 
pharj-nx.  and  then  passes  to  the  larynx,  to  whose  muscles  it  distribut«i 
motor  fillers  (with  llie  exception  of  the  cricothyroid  muscle).     In  apes^ 
these  fibers  are  derived  from  the  most  jiosterior  fibers  of  the  internal 
branch  oi  the  accessory  nerve.     The  muscles  of  the  epiglottis  (arj'cpi- 
gloitic  and  ihyroepiglottir)  are  innervated  at  times  hy  the  superior  and 
at  other  times  by  the  inferior  laryngeal  nerve.     Irritation  of  the  latter 
nerve  also  exerts  an  inhibitory  effect  upon  the  respiratory  center. 

The  tillers  of  the  ncrvps  that  f;ubscrv«  the  respiratory  ftmctions  pass  iaolattdi 
from  thoitf  thai  control  the  phonetic  activity  of  the  imiscles,  from  the  origin  Ma 
the  muiicle.  From  Llie  superior  tar>'ngeat  nerve  an  anastuinotic  branch  jiastws  tw 
the  Inferior  laryngeal  (the  so-called  iitisurtomosis  of  Galen),  and  it  gives  off  sensofyj 
branches  to  the  upper  half  of  the  trachea,  to  the  lar>nx,  perhaps  also  to  the  eso- 
phagus, and  the  inuacle-senae  fibem  (?)  (or  the  ]ar>'nge(tl  musclea  aui>plic<l  by  the 
recurrent  nerve, 

Exncr  describes  a  middle  laryngeal  nerve,  derived  from  the  phary-ngcal  acrve 
of  the   vagua  and  its  anastomose!)  in  the  plioryngtal  plexus,  uhiclt  talcea  part 
in  the  mnerv-aiion  of  the  cricoth^Toid  muscle  (pre.wnt  miIv  m  rabbit*)  and  tli«j 
anlcrii^r  and  inferior  portions  of  the  laryngeal  miipon-?  mc-mbrati*.     According  t^ 
Ooodi  fibiTs  from  the  inferior  cervical  and  the  superior  thoracic  ganglion  of  th«' 
symputhetio  take  part  in  the  innervation  of  the  iarjmgeal  muscles     On  the  other 
hand,  the  accessor}'  is  not  believed  to  particijate  in  this. 

Irritation  of  the  superior  laryngeal  nerves  is  painful  and  causes  movcmi-nt  of 
the  cneothyroid  muncles,  as  well  as.  rcflcxly,  of  the  rcntaimag  laryngeal  muscles- 
Divieion  of  these  nerves  is  said  to  cau.sc  slight  slowing  of  the  rrspiration  m  canst- 

aucncc  of  the  paralysis  of  the  cricothyroids,  .^t  the  same  time  the  voice  in  th«( 
Og  l>ecomt»  di-vptr  and  rou^  in  consequence  of  deficient  tension  of  the  vneal 
bands.  1-urthcr,  tlie  iar>nix  is  anesthetic,  so  that  lluid  from  the  mowth  and 
particK-s  of  f^od  (without  causing  rcllex  closure  of  the  larynx  or  coiighmgl  gain 
entrance  into  the  trachea  and  the  lungs,  in  consc(]uence  of  which  BQ<allcd  drghi- 
lition -pneumonia  results,  with  a  fatal  termination.  _       rv  •  ■ 

Irritation  of  the  rrcurrrnt  nerves  causes  »l>a«ti  of  the  glottis.  J^'**'"" 
paralyzes  tlie  larynvpal  musclea  supplied  by  these  nerves  and  toe  voice  •^^^T'lp 
toneless  and  rough  (i"  the  pig,  in  man .  the  dog.  the  cat,  while  rabbits  relaiw  thnr 
clear,  shrill  voice).  The  glottis  is  small.  With  each  inspiraiion  ibc  vocal  brad* 
approach  each  other  considerably  in  tUdr  anterior  porti'jn^i  '■•'•  ■  ■">'muow  »™» 
arc  blown  afwrl      Theivfore.  inspiration  (particularly  in  v«;'  '•'      jLj 

a  narrow  respiratory  glottis)  is  labored  anA  noi»y    while  r-.  '      '*<^  I"*" 
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with  )>crfect  ease.     In  the  course  of  a  iw  daya  tite  «iuiniij  (cumivoni)  becomes 
quieter,  breathes  less  laboriputly  and  the  pa.»sivc.  ftnbby  movetncnt  of  the  voc*] 
bands  disappears.     If,  howcvpr,  in  the  furth<T  course  of  cvtmts.  cv«n  after  a 
considerable  tinn!,  the  animal  is  actively  stimulated,  there  occurs  in  the  f>reienee 
of  the  marked  ni-cd  for  air  an  atl.ick  of  txtrfme  dyspnea,  whieh  <ub«ides  only 
wlien  the  animal  (dofj)  gradually  becoim-K  [|uirt<tr.      In  cunsequcnce  of  the  paralysuj 
of  the  larj'nx.  foreign  bodies  may  gain  eiitrancL-  into  the  trachea,  particularly  ad 
the  paralyms  a{  the  uppeniioii  portion  of  the  cxopbajfus  nmden  swallowing  dif1i>) 
cult.     In  this  way  bronchopneumonia  mny  develop. 

The  depresiOT  iitTfc.  wliicli  in  rabbits  arises  from  the  trunk  of  the 
roperior  larj-ngeal  and  occasionally,  with  a  second  root  from  the  trunk 
of  the  vagus  itself,  passes  with  the  symyiathctic  dowTiward  in  the  neck,, 
descends  into  the  stellate  f>angltnn  and  enters  thent-e  into  the  cardiac] 
plexus.    Jt  is  a  centripetal  nerve,  irritation  of  which,  and  also  of  iui 
central  stump,  dimtnislics  the  energy  of  the  vasomotor  center,  so  that . 
the  blood  .pressure  fall.';.     At  the  same  time  this  irritation  is  conveyed 
to  the  cardiac  inhibitory  center,  so  that  the  number  of  pulsations  of  the 
heart  diminishes. 

The  deprewor  nerve  is  pre*ent  also  in  the  cat  (Fir.  146,  11).  the  hedgehogs 
the  ret,  and  the  nw>u«c.  In  the  horse  and  in  man  fibers  onalogows  to  the  de-^ 
pressor  nerve  pass  back  again  into  tbe  trunk  of  the  vagus.  Also  in  the  rabbit 
Dbcnt  liaving  a  depressing  effect  may  pass  in  the  trunk  of  the  vagus  itself.  Thg 
depressor  lil«rs  of  the  ral>bit  enter  tbe  obluiiRnta  through  the  upper  root -filament 
of  tbe  vagus.  The  inhibitory  reflex  for  the  heart  is  effective  only  upon  the 
side. 

The  branches  of  the  vagus  for  the  cardiac  plexus  (g.  /),  as  well  as 
the  latter  itself,  have  already  been  described.  They  contain  the  in- 
hibitory fibers  for  the  movement  of  the  heart  (they  are  derived  from 
the  most  anterior  root-filanicnts  of  the  inner  branch  o£  the  accessory 
nerve),  also  sensory  fibers  for  the  heart  (in  the  frog  and  in  part  in 
mammals).  Finally,  the  heart  receives  also  through  the  vagus  a 
portion  of  its  accelerator  fibers;  feeble  irritation  of  the  vagus  causes  at 
times  acceleration  of  the  heart-lieat.  In  cases  of  poisoning  with  atropin 
and  nicotin,  which  paralyzes  the  inhibitor^'  fibers,  irritation  of  the  vagus  1 
causes  acceleration  of  the  heart-beat.  The  following  experiment  tends' 
to  support  the  existence  of  va.somotor  fibers  in  the  cardiac  branches: 
Persistent  irritation  of  the  peripheral  stump  of  the  vagus  causes  ex- 
travasation of  blood  into  the  endocardium  (long-continued  poisoning 
with  digitalin  or  strv'chnin  has  a  similar  effect),  in  consequence  of  spas- 
modic contraction  of  the  endocardial  vessels,  with  secondary  paral>'tic 
relaxation  and  mpture. 

The  putmoitary  braftches  of  the  vagus  arc  grouped  together  in  the 
anterior  and  posterior  pu  monary  plexuses.  The  former  supplies 
sensory  and  motor  branches  to  the  trachea  and  passes  then  on  the 
anterior  surface  of  the  bronchial  ramifications  into  the  lungs  (Z,),  The 
posterior  plexus,  formed  of  from  three  to  five  large  branches  derived 
from  the  trunk  of  the  vagus  at  the  side  of  the  bifurcation,  anastomoses 
with  bra,nches  from  the  inferior  cervical  ganglion  of  the  sympathetic  and 
with  fibers  of  the  cardiac  plexus,  and.  after  fibers  from  each  side  have 
interchanged  by  decussation,  passes  with  the  br.^nches  of  the  bronchial 
tree  into  the  lungs.  The  pulmonary  branches  arc  supplied  -vni\i  gan- 
glion-cells, as  are  also  the  larynx,  the  trachea,  and  the  bronchi.  From 
the  pulmon:iry  plexus  filament's  pass  to  the  pericardium  and  the  superior 
v«na  cava. 


708 


VAGUS  NBRVI. 


The  funciion  of  the  pulmonary  branches  of  the  vagus  is  a  varied 
one;  (i)  They  supply  llie  motor  branches  for  the  unstriatcd  muscles  of 
the  entire  hronrliial  tree,  (2)  They  supply  the  sensory  fihers  (exciting 
cough)  to  the  entire  hronchial  tree  and  the  lungs,  (n)  They  supply, 
in  smaller  part,  vasomotor  ner\'es  to  the  pulmonary  vessels,  although 
tliese  are  in  largest  part,  if  not  wholly,  derived  from  the  anastomosis 
with  the  sympathetic  (in  animals  from  the  superior  thoracic  ganglion). 
(4)  They  contain,  in  the  ape  situated  in  the  posterior  portion  of  the 
trunk  of  the  vagus  itself,  centripetal  fibers  passing  from  the  parenchvma 
of  the  lungs  to  the  medulla  oblongata,  irritation  of  which  stimufates 
the  respiratory  center.  Division  of  both  vagi  is.  accordingly,  followed 
by  marked  refluction  in  the  nuiijl>er  of  respirations,  which  at  the  same 
time  arc  deepened,  so  that  the  animals  for  a  time  exchange  the  normal 
volume  of  air  containing  normal  amounts  of  oxygen  and  carbon  dioxid. 
Irritation  of  the  central  slumps  of  the  vagi  causes  acceleration 
of  respiration,  This  labored  and  embarrassed  breathing  is  explained 
as  due  10  elimination  of  these  reflex -fitimulating  fibers,  which  main- 
tain the  normal  easy  play  of  reflex  breathing.  After  division  of 
the  nerves,  the  stimulation  of  the  respiratory  movements  must  take 
place  in  the  medulla  obIong.ita  itself,  (5)  They  cnniain  centripetal 
nbers,  irritation  of  which  has  a  depressant  effect  upon  the  vasomotor 
center,  as  shown  hy  fall  of  the  blood -pressure  on  forced  expir»tor>' 
pressure.  (6)  Also  fibers,  irritation  of  which  has  an  inhibitory  influence 
upon  the  cardiac  inhibitory  ttljcrs  of  the  vagus,  thus  acrclcratmg 
the  pulse.  Simultaneous  irritation  of  the  last  two  sets  of  fibers  men- 
tioned is  capable  of  altering  the  rh\nhm  of  the  pulse. 

Carbon  dioxid.  as  well  as  the  vapors  of  annnonia  and  chloroform,  inirodueed 
inlu  ihc  iiJr'|ja»%HKC's,  <:auu:  {from  thi.-  mumua  niiniihriine  ol  the  lur^e  bronchi) 
inspiration,  while,  acting  u|)L<n  thu  i-ntrancc  to  the  icspiratirry  tract  ciiuatrd  alxn-c 
the  trachea,  ih'cy  cause  rcllex  cxpLiatign. 

PmumoHta  uftrr  stcli.m  .J/  boiii  ifigi  h&s  attracted  the  interest  of  invcsticaton 
•tncc  the  tifni?  of  Valsalva  (died  cfi,}),  Morjfagni  (1740)  and  LcKnDoiji  (iKii). 
In  vxplanstion  of  this  condition  the  (olIdwinK  fnrls  are  lo  tx-  tafct-n  int«  con- 
sideration; (a)  In  the  tirst  place,  section  of  both  vagi  is  altendcd  hy  loss  of 
tlie  niouhty  of  the  larynx,  as  well  as  of  ilie  swisibility  oillie  larynx  (if  the  leciion 
has  been  made  ahovt;  the  orietn  <>f  the  mpcriur  ljiryn|:eal  nc-rvr).  the  trachea. 
tbc  bnnichl.  and  the  lungs  Tncreforr.  the  larynx  fnils  to  cIom:  during  the  act  of 
Bwallowing,  and  rctlex  i-losure  of  the  larynx  when  foreign  Ixidic^  threaten  to  enter 
(fluids  in  the  nunilh.  pai'Licteti  of  fuod,  irritatiii|i;  xom-M)  does  ni>t  take  pitice,  and 
reflex  cou^h  for  ihc  vxpulHon  of  mbetance^  that  have  entervd  is  suppreMcd. 
Thus,  foreign  bodies  enter  the  hmg  without  hindrance,  and  oil  the  more  readily 
as  the  associated  paralysis  of  the  esophaffus  permits  the  food  to  remain  lodged 
in  thtK  tutju  for  u  tune,  and  thut  readily  enter  the  Iar>-nx.  That  herem  resides  an 
essential  excitina  faetor  fur  the  in  Ham  ma  lory  process  Trsubo  was  ahlc  to  show  hy 
demonstratine  that  the  inHamnialinn  could  be  prevented  by  permitting  the  ani- 
mals lo  bfeaihe  through  a  tracheal  cannula  introduced  through  an  cxieTnal  wound 
in  the  neek  H,  lione^tr.  only  the  motor  t'i!atin-ins  nt  ihc  recurrent  nerves  were 
divided,  and  the  esophagus  wiisli^ated,  so  that  foreign  liodicsneccSMnlyeatcrrd  the 
air-paaaagcii,  so-calUd  i<>rfign-ln-<ly  ffniutn-^nm  resulted  in  an  analoc^u*  manner, 
with  a  fatal  tenninalion.  (M  A  .nLVond  factor  rettdcs  in  ilie  fact  tlifti  in  con«r- 
quence  of  the  cxU-nsive  and  laboivd  KnorinR  nnd  noisy  bn-nthing,  the  lungs  must 
become  hypercmie.  as  during  the  protracted  .ind  msCfVed  dilatation  ol  the  chest 
the  pressure  of  the  air  in  the  lungs  must  be  abnormally  low.  As  a  nwult.  seroiH 
transudate):  (iiulmonary  edenia)  rei.-iill,  or  even  extravosntiun  of  blood  and  dilata- 
tion of  the  pulmonary  vesicles  at  the  margins  of  the  lungs.  Throiu^  Ihis  "•"■'-ntc 
the  entrance  of  foreign  bodies,  particularly  of  fluid.  intOj 
A  tracheal  cannula  introdaocd  from  without  will  likewise] 
under  these    circumstance*.      (^)     Perhaps  partial 
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Vmaomatom  takcA  sotnc  pnrt  in  th«  inflnmmntion,  as  tht:  hypMviniA  thus  induced 
afToni^  an  inviting  field  fnr  ihf  com  p.l  teal  ion  (^/j  Finally,  il  is  still  to  In-  iltttTmincil 
whetllor  iropliic  nbors  m  ihe  vagus  subserve  the  ntiniial  preservation  of  ihe  lung- 
titKuu,  According  to  Mirhaelsrm  ihc  pinmntimiii  ilrv<Oiiping  iiiiir<-<liatch'  after 
section  of  the  vkkus  is  seated  principally  in  the  middiv  and  lower  lohcs.  while  the 
catarrbnl  irilamtnalion  that  develops  more  slowlv  afii-r  ^eelio^  o(  Uk  recurrent 
nt-TVi^H  isMtuutivI  ii!tiiu)Iy  in  th«  tipper  loliett.  RahliitTtdii-  aniid  vymptomNof  [iiieu- 
mtmin  aw  a  rule  within  twenty-four  hours;  whtn  the  mtcautions  mentioned  are 
taken,  in  the  course  of  suvcml  days.  Dogs  mny  survive  for  a  considerable  time,  It 
is  doiihtfal  wlK'thtr  Ihi"  jiaritlvsis  of  tht  inlra-aUtKiniiiAl  [ilwrs  of  tlit  vaj-ii-.  favnm 
th«  occurrence  u(  dc-ath.  In  rabbits,  fxtirpatwn  of  the  ninth,  tenth,  and  twelfth 
ncrvcK  on  Jinc  side  cause*  death  frum  pncHtiitiiiia  After  wct.itin  of  both  vagi  in 
rabbits  acutp  fatty  dcgMicratior  of  the  heart  and  abnormal  friability  of  the  smaller 
coronary  ve.isels  dt'veiop  in  consL-iiuonce  of  liiM  of  the  trophic  functions  of  the 
v«Ku»,  In  birds  the  lunjis  rttnain  free  fmm  inflamfnaiion  after  wcticin  of  both 
vngi.  because  ihc  upper  ponioti  of  ihc  laiTiiix  retains  its  faculty  of  rrllcx  closuru. 
NcvcrUielisa,  death  results  in  a  week  from  inanition  in  conscquem-e  of  paralyas 
of  the  crij|i.  in  ivhrch  the  (mid  undi'rj;(n;.i  piiln'fiiftidn.  At  the  same  time  the 
heart  is  in  B  stntc  of  fatty  degeneration.  3s  nre  nbo  the  hver,  the  stomach,  und 
the  muscles.  According  to  Wassilicff  the  heart  exhibits  parenchymatous  swelling 
and  slight  waxy  degoncralion.  In  ruminant*  conaiderable  tympanitic  distention 
of  the  stomach  reaiilts,  btfaiwi-  eructation  i*  impoKsiMe.  Frofp,  which  with  each 
iriKpirattfm  open  the  gint tie.  which  is  clf wed  during  rest,  die  of  iiKphyxia  after  Kcclifni 
of  the  trunks  of  the  vagi  Seclion  of  the  pulmonBrir-  branches  is  unallendtd  with 
injurious  effect.  If  the  vaffi  are  divided  below  the  orixtn  'tf  the  reeurrent  nerves 
the  lunjr:'  remain  healthy  in  the  dog,  althfiugh  liisonlers  of  secretion  and  of  the 
movements  of  the  stomach  set  in.  As  a  result  putrefactive  decomposition  occurs 
in  the  Ktoinacb.  in  coTiJH.T)uence  of  which  death  tal(e^  place. 

The  esophiigeal  f^exus  (r)  is  formed  by  branches  above  ffom  the 
inferior  !ar>'ngeal,  then  from  the  piilmonar>'  plexus,  and  below  from  the 
trunk  of  the  vagus  itself  (Iwing  derived  fnnn  the  jiosterior  root-filwrs 
of  the  trunk).  The  plexus  endows  the  csophagtis  with  motility  and  with 
intlisiinct  sensibility  (also  that  of  muscular  contraction)  only  in  its 
upper  portion  anti  it  supplies  it  with  reflex  libers. 

The  giistrk  f-Uwtis  (o  0)  consists  of  the  anterior  (left*  extremity 
of  the  vapis.  which  also  sends  fillers  to  the  csophagiis  and  passes  alon^ 
the  lesser  curvature  and  in  part  sends  fibers  through  the  transverse 
fissure  to  the  liver.  The  posterior  (right)  vagus,  after  giving  off 
a  few  libers  to  the  esophagus,  takes  part  in  the  formation  of  the  gastric 
plexus,  \vhich  receives  .'iym])athetic  libers  at  the  pylorus.  The  vagi 
supply  the  stomach  with  motor  fibers,  derived  from  its  root  {not  from 
the  acceswjrj-  nerve),  and  also  inhibitory  or  relaxing  fibers  forthecardia. 
Further,  the  vagus  supplies  the  secretory  fibers  for  the  gastric  mucous 
membrane.  These  contain  vasomotor  fibers,  for  division  of  the  trunks 
of  the  vagi  causes  hyperemia  of  the  mucous  membrane  of  the  stomach. 
The  gastric  fibers,  however,  receive  the  centripetal  filaments,  through 
which  the  secretion  of  saliva  is  stimulated  Whether  also  vomiting  caa 
be  excited  through  them  is  still  douhlftil, 

AfUr  sectitHi  of  both  vagi  below  the  diaphniEm  death  rcsuh.i.  at  the  lnte.1t 
aft«r  un  interval  of  three  months,  preceded  by  emaciation,  inBantmatory  altera- 
tions in  Die  miicou»  membrane  of  the  bIouucU  and  peri  vase  alar  hvpvrplasia  in  the 
liver  and  iti  the  kidneys. 

About    two-tliirds    of    the    right    vagus,    however,    passes    at    the 
stomach  into  the  celiac   plexus   (»")   and  thence,  accompanying  the 
"S.  to  the  liver,  the  spleen,  the  pancreas,  the  small  intestines,  the 
and  the  adrenal  glands.     The  infltience  of   the  vagus  upon 
"•ts  of  the  intestine  has  been  discussed  in  the  considera- 
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tion  of  the  intestinal  nerves,  According  to  some  obscrx'ers.  irritation 
of  the  vapis  causes  movements  in  the  small  as  well  as  in  the  large 
intestine.  Irritation  of  the  peripheral  stump  of  the  vagus  causes  in  the 
spleen  contraction  of  the  unstriped  muscular  fibers  in  the  capsule  and 
in  the  trabet-ula;  (in  the  dog  and  the  rabbit).  With  respect  to  the  kid- 
neys, irritation  of  the  vagus  at  the  cardia  causes  increased  secretion  of 
urine,  with  dilatation  of  the  renal  vessels  and  redness  of  the  blood  in 
the  renal  veins.  In  dogs  and  rabbits  a  number  of  vasomotor  fibers  are 
said  to  be  supplied  to  the  abdominal  viscera  by  the  vagus,  while  the 
overwhelming  majority  are  derivud  from  the  splanchnic. 

The  trunk  and  the  branches  of  the  vagus  contain  also  fibers  (in 
part  already  mentioned) .  irritation  of  which  acts  in  a  centripetal  direction 
upon  certain  nervous  stuclures: 

(a)  The  vas<mictor  itnter  ia  affcclcd  through  (n)  pressor  libers  jc^iedally 
in  Llic  twu  laryiiKcal  uvrvcn),  irrit&tion  of  which  caiumt  rtrilex  contraction  of  tba 
wteries  »nd  tlius  incrcaw;  in  Muod-prcKurc:  (J)  deprcMor  libcn  (in  the  <lepreMOr 
nerve  or  in  thf  vajfus  itself),  which  exrn  a  contrary  «(fMl.  This  subject  ii  dis- 
cusspd  iti  connection  with  ihc  vasomotor  ecrtcr. 

((>)  The  Tfipiraiory  center  is  affecied  through  (")  accderator  dben  (pulmonary 
branches),  irrimtion  of  which  ancdtnitfs  the  respiration;  and  (.1)  inhibitory 
fibers  <in  the  two  Inn-nEcal  br3.nchcs1.  irritation  of  which  inhibits  respiration. 
This  subject  is  discussed  in  conntction  with  the  respiratory  cenit-r. 

(t)  The  curdio'iniiibttor^  iyitcm  b  inftttcnced  lhr(nij;n  libers  in  the  trunk  of 
the  va%Uf.  irritation  of  which  acts  on  the  center  In  a  centripetal  direction  and 
places  the  heart  in  a  condition  of  diastolic  rest.  Irritation  oi  the  central  stump 
of  the  vagus,  theretorx.-.  cuu»ea  umat  uf  the  heart.  In  confomiity  with  these  facts 
i«  the  observation  of  Mavc-r  and  Pribrnm  that  sudden  dilatation  of  the  stomach 
causes  slowing  and  even  arrest  of  the  lieart,  the  arlehcs  of  the  medulla  oblongata 
contracting  at  the  same  time  with  increase  in  blood -pressure. 

(i/)  The  vomiiiKg  cvnttr  is  excited  by  irritation  of  the  central  stump  of  the 
vagus  and  of  a  number  of  centripetal  libers  of  the  vagus. 

(e)  The  itcretion  of  llif  pancrcai  is  influenced  by  irritation  of  the  central  stump 
of  ihr  vAKu^,  the  secretion  beiuR  arrested  in  this  way:  therefore,  probably  throucn 
the  intermediation  of  certaih  pancreatic  nerves. 

if)  According  to  Claude  Jlemard  the  pulmonary  brandies  contain  6ber8, 
irritation  of  which  cauKi  reflex  increase  in  the  ionnatioH  oj  jugar  in  the  tnir*. 
perhaps  through  the  intermediation  of  th«  hepatic  branches  of  the  vagus;  for 
after  section  of  both  vagi  the  formation  of  glycogen  in  the  liver  ceases.  Cob- 
veraely,  irritation  of  the  neripti/i-ral  stump  of  the  vagus  causes  an  increase  m  the 
formation  of  sugar  in  the  fiver. 

The  various  branches  and  paths  of  the  vasnis  possess  an  unequal  degree  of 
irritability.  If  irritation,  at  first  feeble,  be  apphed  m  a  centrifugal  direction,  the 
muscles  of  the  larynx  mo*-e  finrl,  then  the  heiirl-beat  i.i  slowed.  If  the  central 
stump  is  stimulated  the  excito-respiratorj*  fibers  become  exhausted.  c%xti  on  feeble 
irritation,  and  only  later  llic  infiibi to- respiratory  fibers.  According  to  Sicincr, 
the  variouEt  libers  arc  su  arroiiKed  in  the  vagus  o{  the  rubbit  that  the  centripetal 
arc  situnlcd  in  the  outer  and  the  ccnteifugal  m  the  inner  h.iU  of  the  cervical  t™»k 

Pathological,— Irritation  or  paralysis  in  the  distribution  of  the  vagtis  will 
present  a  var^-ing  clinical  picture  accordingly  as  the  lesion  involves  the  entire 
tmnlcoroiily  individual  branches,  and  Bceordingly.  lUso.  na  the  affection  is  imilateral 
or  bilatiTal.  pHra/y.tij  o^  the  phitrynt  and  inai  nophaf^ui.  which  is  generally  otf 
central  or  at  least  intracranial  origin,  renders  difficult  or  abolishes  movement*  of 
deglutition,  so  that  stagnation  in  the  esophagus,  entrance  of  foreign  bodies  inio 
the  larynx,  dyjtpnea.  and  the  passage  of  fnrid  into  the  narrs  are  ol^M-rved  In  ifrinll- 
ing.  a  rumbling  murmur  is  at  tinies  audible  in  the  relaxed  lul^-  \    ■  '-'■ 

WTica  the  paralysis  is  iiicomplcic,  the  iict  of  swallowins  b  onl  ^' 

dered  dilticult,  and  large  masses  of  f'jod  are  mO»t  r      '■'  ■    -.  i.n  ■"">       -■ ■■"* 

contractioH,  even  spasmodic  eonnlriction,  is  observed  i  on  with  ibn  sytnp* 

toms  of  general  norvous  irritability  ,   j_^ 

Spastn  of  \h4  muuUt  oj  the  hirynx  cauw-i  e-!)<cii  * 

glottis.  En>called  snasm  of  the  glottis     The  latter 
occurs  paroxysmally  with  dyspnea,  light,  whirling 
ingof  tjie  muscles  of  the  eyes,  the  iaw,  the  lingrn 


VAGUS   KERVB. 


7<« 


The  condition  js  probably  one  ot  reflex  spasm  thai  can  be  oxcitcd  from  the  sensory 
nerves  of  viiHuuk  arcnK  (such  as  the  tci-th.  the  iiiu-stinc,  the  skin)  in  tin-  nicdullft 
oblongata.  Spasm  of  the  dilators  of  the  gilottis  and  of  other  laryngeal  muiclea 
also  occun. 

Irritation  of  tbv  tensory  nerves  of  tbc  larjiix.  as  is  wtll  known,  causra  cou^ 
If  the  irritation  is  intense,  for  example  in  cases  uf  whooprng-cauxli.  the  libers  in 
the  lurynijcal  nerves,  bavinji:  an  inhibitory  influence  iiiioii  the  respir4tor>*  center. 
may  also  be  irritated;  there  oecurs  diminution  in  the  r»pirator>-  Eretiut-ncy  and 
tinally  arrest  of  rc8(>iration  with  relaxation  of  the  dia|iliragm ,  in  Uie  presence 
of  the  most  intense  irritation,  spasmodic  arrvitt  lii  cxijiratitvi  gceurs,  with  clotturtt 
of  the  glottis,  even  for  as  long  as  fifteen  itrcondt,  Tne  condition  is  an  inhibitory 
neurosis  of  the  respiratory  apparatus.  Paralysis  of  the  laryngeal  nerxps  causing 
alteratione  in  the  voice  has  already  beer  eonsidered.  ParalysiK  of  both  rt-curreni 
nerves,  due,  for  example,  lo  siretchine  in  eonscnuenM!  of  dilatation  of  the  aurta 
and  the  innominate  artery,  is  attended  with  great  waste  of  air  as  a  result  of  the 
fruitless  eHorts  at  phonation;  expectoration  is  rendered  difticuli.  and  forcible 
couich  impossible.  In  addition  severe  attacks  of  dyspnea  may  occur  on  exertion, 
entirely  like  those  that  can  be  induced  experimentally  in  animals.  'ITie  increased 
irritability  of  hysterical  petaons  is  associated  with  tijiienathenia  and  aneslhcfiia 
of  the  Ur>'nx.  the  upper  air-pastaKcs,  aphonia,  a  tendency  to  vomiting,  a  slow 
and  irrcguUr  heart-beat  ae  signs  of  a  neurosis  of  the  vagus.  Atl«i:k6  of  extreme 
dyspnea  lastinc  for  from  one-<iuarier  of  an  hour  to  several  hours  have  been  referred 
to  imcatinn  of  the  pulmonary'  plexus,  whieh  is  supposed  to  cause  spasitt  it}  thf 
bvoHcltiuC  musclft,  bronchial  nsthma.  Pliysieal  examination  of  the  hings  discloses 
in  addition  to  rhonchi,  no  indication  as  to  the  cause  of  tht  sevcri;  attack.  If  the 
conditinn  is  really  one  of  spasm,  this  is  prot>al>ly  in  most  instances  of  rellrX  origin. 
tlic  ccntripeUl  nerves  of  the  respiratory  passages,  or  of  the  skin  (cold*,  or  of  the 
genitalia  (w:xual  asthma)  being  involved  LaniJois.  htinever.  was  i>f  the  opinion 
that  in  in.viy  ciises  ctmsirU-n-d  us  instances  n{  itsthmii  iht-  conditicm  is  inic  of 
transitory  paresis  of  the  pulmonary  nervc».  exerting  a  stimulating  cFlect  upon  the 
respiratory  center.  The  atliick  would,  then,  ht  a  rcpruduction  of  the  labored 
breathini;  foilon-ing  section  of  both  vagi.  Whether  the  acute  pidmonar)-  emphy- 
sema constantly  observed  in  connection  with  this  disease  is  due  to  irritation  or  to 
paralysis  of  the  musctilar  fibers  in  the  lungs  is  as  yet  a  matter  of  doubt.  Ac- 
cording; to  Rternier  this  is  due  to  slight  ohAtrtictinng  tn  expiration  in  the  small 
bronchi  thst  are  more  readily  overcome  in  inspiration  than  in  expiration.  Such 
obstructions  comprise  catarrhal  swelhng  of  the  mucous  membniTie.  aceiunulation 
of  muCMS  or  of  blood,  or  spaxm  of  the  bmnchi 

Irritation  in  the  distribution  of  the  cardiac  branches  of  the  vagus  may.  by 
direct  excitation,  cause  attacks  of  diminished  or  even  temporunly  nuKin-tHhd  con- 
traction of  the  heart,  together  with  a  feeling  of  extreme  prostration  and  of  nlmlilion 
of  the  functions  of  life,  occasionally  also  witli  pain  in  the  prccordium.  Such 
attacks  may  likewise  be  induced  rcflcxly  through  iTritation  of  the  abdominal 
viscera,  in  conformity  with  the  percussion -experiment  of  Goltr.  Landois  hrst 
analyzed  these  symptoms  m  1865  on  the  hnci:  nf  a  physiological  experiment  and 
designatctl  them  pncumogaatric  or  reflex  angina  pectoris  Extirpation  of  the 
larynx  is  occaaicinally  followed  by  circulatorj-  disturbances  that  may  eventually 
prove  fatal.  These  UV  due  to  a  jHtrasieiit  state  uf  irritatiim  of  the  !ari-nneal 
nerves,  eventually  with  extension  to  the  vagus  itself.  Hcnnoch  and  Silbermann 
observed  slowing  of  the  heart  in  children  presenting  irritative  phenomena  referable 
to  the  stomach,  and  Landois.  intermission  of  the  henrt-bi-at  even  in  adults,  'nirotigh 
the  saoic  reflex  action  a  derangement  in  the  respiratory  functions  of  the  vagus 
that  Hcnnoch  has  designated  dyiprplie  asiknta  may  be  brought  about.  A  similar 
condition  may  be  brought  about  rellcxly  also  through  other  sensory  ncr\"es  (uterine 
asthma).  Rarely,  intermittent  jiaralVK is  of  the  card iflc  brsnebcs  of  the  vagus  is 
altondod  with  marked  acceleration  oi  the  heart-beat,  up  to  between  if)o  and  340 
beats,  the  rhythm  and  the  strength  at  times  exhibiting  great  irregularity,  and  dytip* 
fwa  in  part  setting  in  at  the  same  time.  Under  such  circumstances  a  can-ful 
analysis  is  necessary  in  «ach  case  in  order  to  determine  to  what  extent  irritation 
of  the  Tiean -muscle,  the  heari-ccnicrs  or  the  accelerator  cartlinc  riburs  arc  con- 
cerned. Little  of  A  tni.itwitnhy  nature  is  known  with  regard  to  abnormal  aflec- 
ttoosof  the  intra-abdominal  tibcr&of  the  vagus.  If  the  trunks  of  tlic  vagi  or  their 
ntersarcp.iralyxed.  the  most  conspicuous  symptom  is  labored.  deep,.Hlowbreath- 
xactly  .IS  occurs  after  section  of  both  vagi. 
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XI.     ACCESSORY  NERVE  OF  WaUS. 

The  single  elongated  oucleiu  of  origin  (Fig.  941)  compTisr*  ihc  iloraolaleral 
group  ■>(  wflls  of  Ihr  am(rit)Th')fn  of  the  cervica]  coril.  which  begins  Ix-U-u-  at  ihc 
Icvfl  I'f  ihi?  M.-veinh  ctrvita,!  nerve  .iikI  pxienil*  upward  Williimt  inu-rrui>tioii  in  lh« 
mt'dullu  >>l>F(niKiiUi  ic)  the  uitiM^r  r».lr«-mily  of  ihc  pv-ramiilal  lUTiissation.  The 
nuck-u.i  ri/  onKiti  anproacht-s  at  its  highest  point  ihc  hyiioelossnl  nucleus,  thrn 
is  situated  above  the  tirsi  ct-rvical  utrvf  in  thr  niiddlc  ni  the  anterior  liom. 
n«xl  [M-iscA  lut<;rally.  and  IkIwccr  the  second  and  fourth  ntoxs  itt  situuti:d  at 
the  lateral  mar^n  vt  the  anterior  horn.  Still  further  downvrardi  to  beluw  the 
MXlh  cor\-icftl  ni?rvf,  it  is  situati-d  at  tli*  base  of  the  lateral  hom.  All  fib«'r» 
arise  imm  the  jfanglia  a*  n^uriTts  From  the  cortical  center  ftn  Ihc  opposite  side 
there  tmwi  p«wi  ut  the  nnclrus  (iher«i  through  which  vfilumar>'  stimulation  of  the 
motiir  IiImts  is  ellecled. 

The  libers  pass  upu';inl  tri  the  laieral  ivilumii  nf  the  sjmjal  o>rd  and  leave  (he 
UUer  in  several  huniUes  hcTuern  the  anr<-rior  and  posterior  cer\-iciil  nerve-mots 
Then  the  mot-tit)crs  that  ascend  through  the  urtal  oceipiljil  (rjramen  ct^w.r  ti>8elhcr 
willioui  unitiii};  in  the  neii;hb<irhoi>d  of  the  jtigular  (ommrn  and  ftirni  the  two 
branches  of  the  nerve  Of  the  latter  the  inner  enters  wholly  into  the  ^'angliform 
plexus  (I'ig.  1*6)  and  aupplte^  ihi:  vai^ia  with  moat  of  ita  inoKir  hlicrs  and  also 
il*  c-ardiac  inhibitory  llbeRt,  in  luon,  accord;iij;ly.  total  panilvsis  of  thv  accessory 
nerve  1*  attended  With  immobility  of  tho  correspond ing  half  of  the  lnr\'nx  and 
soft  pnlnte. 

According  to  Kreidl  the  inhibiton,-  fiber*  for  the  heart  arc  situated  in  the 
tnost  anterior  rooi'liiindlej;  of  the  inniT  bmneh  of  the  acci'**<iry  nerve.  If  iIm'M' 
root*  are  divided,  the  cardiac  inhibitory  fibers  undergo  degeneialion.  I(  the 
tninV  of  the  vaffus  in  the  neilc  is  irntated'four  or  live  days  after  the  o|ienitioii  the 
cardiac  inhibitory  a»:tif>n  is  no  lonj;rr  exhibited. 

The  external  liraiich  of  the  accessory  nerve  is  derived  (roni  the  spinal 
portion  of  the  nucieiLt.  This  an,istomfj.ses  with  sensorj-  filaments  from 
the  posterior  root  of  the  first,  less  rommonly  also  of  the  second  cervical 
ner\'e.  which  supply  nmst^le-sense  fibers  to  it.  It  then  passes  baekwarJ 
over  the  transverse  process  of  the  intlas  and  terminates  us  a  motor  nerve 
in  the  stenioclcidoniastoid  and  trajjcxius  muscles  (Fig.  246).  The  latter 
large  muscle  receives,  however,  mntor  filaments  for  iu  acromial  jiortion 
from  the  ceni-ical  plexus, 

The  external  branch  anastoma&cs  also  with  several  cervical  nerves.  Hither 
these  libers  taku  pari  in  the  iiiiiervution  of  the  miKtelcH  named,  or  the  acceasur^ 
ncr^"-'  retunw  to  them,  m  pnrl.  the  wnsorj-  tilamcnts  received  from  the  iwrtehor 
room  of  the  two  uppermost  cervical  nerves,  which  then  constitute  the  cuta- 
neous branches  of  those  cervicnl  ner^-es. 

Pathological.^/ rniiiir<»i  i>!  the  fxltimai  branek  cauw-ft  clonic  and  tonic  n>asn 
of  th<^  iiiiitcW  named,  uFn^ally  upon  one  aide  H  the  branch  for  the  Mcmoclcido 
mastoid  IS  alone  affected,  the  head  responds  10  the  tracttoat  of  this  tnuscic  in 
the  presence  of  clonic  spasm  If  the  disrirder  \*  bilaierat.  the  tr>tclion  ia  usually 
alCemating:  much  less  commonly  the  action  is  bilateral:  so  that  the  head  ckccuIcs 
a  noddins  movement  In  the  presence  nf  clonic  spasm  of  the  trapeiius.  the  head 
is  drawn  bacVword  and  to  the  side;  the  scapula  Kcncrolly  follnws  the  traction  of 
the  bundle  of  this  great  muscle  that  is  most  scvcrciv  involved.  Tcnit  sftttm  «f 
thestemomuatoid  causes  the  characteristic  position  of  caput  obsttpum  (spastieum) 
— sl*asmodic  wry-Ht<k.  Similar  spasm  of  tlic  trapeziu*  umially  involve*  only  indi- 
vidual portions  of  the  muscle,  which  then  natumlly  cauM  special  pontions  of  the 
head  or  of  the  scapula  Irritation  of  the  root  causes  at  the  snoie  time  spaa- 
modic  movements  of  thif  mnwclcft  of  the  larvnx  and  of  the  uvula. 

Paralyiit  0}  otit*  ilvTHomait  --id  caMw-i  tfie  head  tnlx-  turned  towar<'  ''"■  ■"■'■'•■ite 
«ide  by  the  preponderant  action  of  the  muscle  of  that  side  (fyiro/v  ;]1- 

Paratytis  0}  the  trapesttts  is  usually  ciinlinMl  to  indivitlual  portions  '  '  ;■  ** 

Paralysis  of  the  eniite  accawry  trunfc.  principally  in  conscqiieMCe  ol  ciTiifai    ^i^o- 
ceaaes,  gives  rise,  in  addition  to  paralysis  of  the  sternocleidomastoid  and  Ih^  \i»^ 
peshtA,  also  to  paralysis  of  the  motor  branches  of  the  vsKiis  prcwotmly  meijl  't^dC**; 
Bilateral  fximlysif  is  extremely  rare  and  is  said  to  lie  attemled  with  accek  ».  -nV-* 
of  tile  heart -beat. 
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XII.    HYPOGLOSSAL  NERVE. 

Tlie  lilwngattf'l  nutleus  of  oriKin  nf  llic  1i>tj'-'xI'-*<«>1  nervy  consists  of  largt 
cells,  anil  is  a  cmlinuiitmn  uf  the  aiittnor  hvrv  oi  tlic  ^jjinal  cwrtl.  It  i»  situattd 
in  thf  depth  of  the  lf-wifm'>«  pf-riinn  ..f  lh<'  flfti>r  ol  the  fourth  v<mri«Ie.  It 
njccivea  anantoTiiotic  lib*rs  from  the  c^rohral  cortex  of  ihc  opposite  Sidf.  Thp 
nuclei  of  both  mtlet  arv  o'Minteted  hy  a  oitnnni-«i:urt-. 

The  n<TVi.*  unsvn  as  a  Inindlf  of  neurits  nf  fmtn  ten  to  fiftct-n  filaint-nbi,  ami 
malces  its  exit  in  a  direction  parallel  with  thai  o(  the  anterior  roots  of  ttn-  spinal 
nerves  (Pig.  141)  tn  itit  development  th«  hypugloMal  xhows  it.vU  to  be  in  port 
a  spinal  nrrvi- 

Purely  motor  at  its  root,  the  hypoglossal  is  the  motor  nerve  of  all 
of  the  nmstlcs  of  the  toapjc.  including  the  geniohyoid  and  tliyrohyoid, 
The  trunk  of  the  hj-poglossal  nerve  anastomoses  with:  1.  The  supBriar 
cervical  ganglion  of  the  sympathetic,  through  wliich  it  receives  vaso- 
motor fillers,  for  division  of  the  hypoglossal  (together  with  that  of  the 
Ungual)  is  followed  by  reilness  of  the  L-orres])onding  half  of  the  tongue. 
2.  Muscle-sense  libers  enter  the  hypoglossal  from  the  gangliform  plexus 
and  from  the  small  lingual  branch  of  the  vagus,  also  from  .inastoinoses 
with  the  cervical  nerves  and  through  those  with  the  lingual  beneath  the 
tongue.  After  division  of  the  Ungual  nerve  the  tongue  still  pos-sesscs 
dull  sensibility.  3,  The  loop  of  the  hypoglossal  nerves  anastomoses 
with  the  two  npper  cervical  nerves.  These  anastomoses  pass  further 
through  the  descending  branch  (through  which  also  nnisclc-scnse  fibers 
from  the  hngual  descend)  as  motor  hnmches  for  the  sternohyoid,  omo- 
hyoid and  sternothyroid  Irritation  of  the  roots  of  the  hypoglossal 
affects  the  muscles  named  only  rarely  and  in  slight  degree. 

Division  of  both  hypogloasal  norvcs  paralyses  the  tongue.  Dog*  ni*  no  longer 
ablu  to  drink  and  they  bito  the  ll«bW.  pendulous  toni^ie  Frogs,  which  catch 
their  prey  wth  the  tnngue,  must  starve:  in  hanj;inK  "*it  ot  the  tnuuth  the  tongue 
prevents  cl<;siire  of  t.hi«  cavity  and  at,  a  rt-suU  Uio  anim»l»  'Mr  fnitu  uKphyxia. 
bscause  they  are  able  to  pump  air  into  the  lungs  only  when  the  mouth  is  ctfx-ed. 

Pathological. — I'atalyiti  tii  the  hypogloiwaj  nerve  (^lossoplr^mi  is  generally 
of  ctniral  oriKin.  and  it  causes  di-ran]^irmrtit  of  spcrch.  The  deviation  tif  the 
lotigUL-  in  casa  of  unilHtcral  paralysis  is  described  on  p.  /t6  Paralysis  of  the 
tongue  renders  chewing  dillicult,  prtveiita  fwmiution  of  the  l«ilus  ami  swallowing 
in  the  muuth.  In  consequence  of  deliciency  in  the  friction-niovetnent  of  the 
tongue,  the  sense  of  taute  m  impuired.  The  sineing  ^f  high  noU-s  and  of  faUetto 
notes,  in  the  production  of  whieh  special  positions  of  the  tongue  appear  to  be 
necessary,  is  interfered  with. 

,S/iasm  of  thf  U'Kguc.  eausing  iiphlh-'ugtu,  is  generally  uf  reflex  origin,  ajid.  111 
any  event,  i*  extremely  rare  Cases  of  idiopathic  spasm  of  the  tnngue  ha\'e  also 
lieen  described  the  tongue  fjeing  moved  with  great  violence.  The  seal  of  irritation 
has  been  either  in  the  cerebral  eorte.T  or  in  the  ineiltilla  oblongiita 


THE  SPINAL  NERVES. 

The  thirty-one  «pinn1  nerve*  are  eonneeled  with  the  spinal  cord  by  means  of 
two  roots:  Thw  antenor  roots  ansL-  a^  neurite*  of  the  gangha  of  the  anterior  horns: 
the  poiieiiiK-  roois  have  m  n-alitv  grow-n  intn  the  Kpiniil  eord  friim  without.  They 
»ri»e  frrrni  the  pear-Khnped  bipolar  cells  of  the  ganglia  of  the  pofiterinr  roots,  one 
fiber  of  which  tMitrrs  the  gray  matter  of  the  sjnnal  cord  as  a  neurits  and  here 
enters  into  eontnct  with  EaiigUon -celts  Cfie  151);  and  the  other  lilwr  o(  which 
niwH-s  to  tJie  >:ungli<in  as  a  dendrite  from  peripheral  areas  endowed  with  sciisi- 
ttilny  The  posterior  rooui  niaVe  ihiir  exit  from  the  sulcus  lietwcen  the  posterior 
Aiid  laierol  columns  of  the  spinal  cord,  the  anterior  rinHa.  from  the  groove 
'JJ^'^U"  f™'  I«t.<-rftl   and  anterior   columns-     'ITic   posterior   forms  the  imindl*- 

sfuiml spinal  f^ranglion.     Then  the  tw-o  roots  enter  into  intimate  union  and  (ofrn. 

«filj  iviifun  [|,^     vertebral  canal,  a  mixed  trunk.     The  two  branches  (iriginating 
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oE  the  cranial  nerves  Even  sciisor>'  branches  of  »thcr  xcnxory  nerv«  mar  mter 
also  inio  the  trunks  of  sensory  nerves.  This  fact  cx[jlains  the-  rcmarkabk  ob- 
nvrvativTi  tliul.  ufti-r  diviston  of  a  nerve-trunk,  for  example  llieiiK-dian.iUpvnpbcraJ 
cstrpmilics  tvmain  scnsilivc.  Landou  oITck  the  *imple  cjiplanation  for  the  condi- 
tions dcwnticH  thflt  the  tisane  of  the  mtiittt  und  acnariry  ntrV4^  c<>ntnin£  (as  do 
most  erf  the  tissuos  of  the  body)  scnton,"  fibers 

As  a  rwull  of  carefully  olisi-rve«l' i-xjiennitffilji  with  division  of  the  roots,  am 
well  as  after  diiiC()vi.Tj'  of  the  reHt-x  relations  of  t-hr  sermori,'  rwsm  la  irritation 
of  the  anterior  root  (reflex  movement)  by  .lohennes  Mullcr  and  Marshall  tlall,  tfar 
following  dcduciion»  may  he  readily  modi-  frtmi  Uic  g«mcral  law  of  Boll;  (i>  At 
the  moment  of  division  of  the  anterior  root  a  contrnctiim  (mt^chnniait  irritatiun 
of  the  motor  fibi-rs)  occurs  in  tlic  muscles  supplied  from  this  root.  (»)  A  sensation 
nf  pain,  hvwuwr,  ulsu  results  (rccurrt-iil  sensibility),  (j)  Aitcr  the  M-ctit^  the 
rvlated  muscles  arv  paralyxvd.  {4)  Irritntion  of  the  peripheral  ^tump  of  th« 
Anterior  root  caustfc  (in  the  Hrst  period  sifter  the  op*imtion)  contmclion  o(  th* 
muscles,  evontualiy  also  a  nenaation  of  pain  in  con&ei|uence  of  the  recurrent 
itcnsibiliiy.  (5)  Imintiim  of  the  central  ttump  in  entirely  without  ellect  (6) 
Sensation  is  completely  pre9c^^■cd  in  tho  paralyzod  parts  of  the  body.  (;)  Severe 
pain  occurs  at  the  moment  of  division  of  a  posterior  root  (8)  A  reflex  movement 
occurs  at  the  mmc  time.  (9)  After  the  MTtion,  all  reicions  supplied  by  the  divided 
root  are  anesthetic,  (lo)  Irritation  of  the  peripheral  stump  of  the  divided  root 
is  without  any  cfTc«t.  _(••)_  Irritation  of  the  central  atump  causes  pain  and  reflex 
movement.  (11)  Muttlity  is  entirely  jirvxerved  in  the  anesthetic  partn.  for  «x- 
nmple  the  extremities. 

According  to  Waller,  the  peripheral  portion  always  undergoes  degeneration 
after  division  of  the  anterior  root.  Division  of  the  posterior  root  in  advance  o( 
or  behind  the  j^n^Iion  leaves  unalt«?red  the  ijeriplieral  libers  that  haw  retained 
their  conweelion  with  the  ganglion  Those  tnat  are  si'vered  degenerate  There-' 
fore,  according  to  Waller,  the  spinal  cord  is  the  nutritional  center  for  the  anieriof 
roots,  and  the  spinal  Ki'^Khon,  on  the  other  hand,  fur  the  posterior 

.^fter  division  of  the  posterior  roots,  for  example  of  the  nerves  for  the  pcnterior^ 
cxircmitics.  the  muscles  retain  iheir  muliliiy.  but.  nevertheless,  characteristic  dta% 
Uirlianc»-»  can  lie  ncnirniied  in  them  These  cnnsit't  in  on  ,ipparem  awkward 
with  which  the  animiit  executes  the  movciitents  (jum^iing  about  in  an  ui»o  " 
iiianner.  huldinK  the  kga  far  apart  in  walking,  etc.).  winch  uetracl^  from  the  n 
liarm'^ny  and  elegance  ~<*»uri('fiai  uiaxia.  Landois  observed  tbol  do^s  in  which 
the  posterior  roots  for  the  posterior  extremitie*  were  di\*ided  on  both  sides  eJt- 
hibited,  after  complete  recover^'  in  other  respects,  difficulty  in  balancing  the 
poitterior  part  of  the  body,  which  often  fell  over  in  running  or  in  wagging  the 
tail.  The  phonotncnn  an-' due  to  the  fact  that  in  conseipience  nf  the  ane^thnsia 
of  the  muscles  and  the  skin,  the  animal  is  unconscious  of  the  resistances  op 
to  it*  muvement*  Therefore,  the  measure  uf  niti.Heular  fun-e  tu  lie  employed' 
cnnnnl  be  prrjperlv  estimated  All  aids  cxcileil  thnnigh  reflex  infliirnees  are  alsO' 
naturally  excluded.  Animals  with  abolition  of  sensibilitv  in  individual  exlrrmitie* 
often  hold  the;ie  in  almormiil  position.i.  from  which  the  animal  with  prcncrvvd 
sensibility  would  at  once  remove  them.  Annlognu*  ataxic  disorders  of  movement 
have  been  observed  also  in  human  beings  with  degenerated  peripheral  cxtrcmitie* 
of  the  cutaneous  nervea. 

L'tider  some  eircumstance*  diviftion  of  the  sensory  nerve*  in  tcriain  regioiu 
may  tndwd  be  attended  with  Hbolitimi  nf  movement  '    In  whole-h.-ifed  anitiiahih 

immobility  of  the  upper  tip  was  observed  after  rvseetion  of  {)•■    ■■■' '  ■ 

imtn'jbdity  nf  the  corrv!j[njndinE  side  of  the  larynx  after  di\ 

larvngcid  ner^'c.  also  loss  of  motility  of  the  esophagus  after  p.  :  1 

nerve.     The  motility  is  thus,  in  Large  mcsaure,  dependent  upon  pm*  I 

the  sensory  nerves  (seitn'nii'hiliiy). 

Elarlcss,  Ludwig  and  Cvon  have  made  the  oK9er%'ati'>t».  ■ 
been  disputed  by  v.   Beiold,  Vtpcnslcy.  Urunhagrn.  and  G.    I 
onicrior  root*  poHeas  a  greater  degree  of  irritabilif.        '   1 
intact  and  irritable,  that.  howjc\-er,  they  esthihil 
90on  as  the  posterior  roots  arc  divided       In  exj;. 
rau8l  tie  lusumed  that  in  the  intact  bo<ly  a  series  >  1 
sively  through  the  posterior  rmns  tfrom  ciint.'wn    - 
peraturc   upon    the   parts   of   the   body,   and    li 
reflexly    through   the   spinal    cord    lo   the    motor 
slighter  additional  irritation  is  required  in  order  v 
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SYMPATHETIC  NERVOUS  SYSTEM. 

Connected  vrith  the  ct-rebfospinal  S)-atem.  the  sympathetic  occupies  a  special 
position  in  conscouence  c»(  the  peculiarity  of  ftrrtingcnicnt  of  tt«  trnct«,  a«  wrII 
as  on  account  of  the  pnismcc  of  non -mcdiillntod,  gray  fibers  and  charact<M*istic&l1y 
eonatructed  ^uishon-cells.  The  anterior  bnmch  of  each  tpinai  nerve  gives  of!  a 
vi«ceral  branch  (fonnerly  designated  communicating  lirancn  »I  the  s)-inpaih«tic) . 
which  is  dcriwM!  cilhrr  fr«m  the  ariterior  or  the  posterior  mol  of  the  Gpinal  nerve, 
end  this  naturally  (in  the  sense  of  Bell's  )aw)  indicates  the  function  of  the  nerve 
All  of  the  visceral  branches  collect  on  each  side  of  the  vertehml  ct>luiiin  to  fnmi  the 
svnipalhctic  chain,  in  the  course  of  which  gii'^Sli'^ic  nodes  arc  intcrpolntrd. 
rrom  the  hrst  dorsal  nerve  downward  there  is  a  ganglion  at  the  point  where  each 
visceral  branch  enters  The  «vinpath«tic  In  the  cervical  portion  a  coatraclicn 
and  partial  coalescence  of  the  ganglia  has  occurri-d,  and  the  eighth  and  the 
seventh  and  aUo  the  sixth  and  the  hfth  nerves  ore  represented  by  tinclc  gan^ts, 
and  the  fuiir  tipper  wrvical  iji*r\'c*  li>gMhcr  hy  the  superior  cervicw  ganghoa. 
Sympathetic  niaments  also  pass  through  the  path  of  mdividtial  visceral  BnincheB 
from  the  KympaHn--iic  into  the  cerebrospinal  nervouit  system. 

From  the  synipaihciic  system  fibers  pus  to  the  various  viscera  of  the  farad. 
the  chest  and  the  abdomen,  where  a^ain  tbc>;  form  ganglionic  plexuses,  from 
which  finally  fibers  endowed  with  vancd  functions  pass  to  the  thfferent  organs. 

Visceral  branches  pass  also  from  the 
cerebral  n■c^^'cs  (although  dcmoostrabk 
with  greater  difticultyj  and  are  con- 
nected with  gansha.  The  ciliary  gan- 
gluiTi  belongs  to  the  third  nerve  as  a  part 
of  the  syinpathetic  system  Tb« 
sphenopalatine  nerves  pass  from  tbe 
second  division  of  the  trigeminas  as 
visctTal  branches  into  the  sphenoi>ala- 
tinc  ganglion.  The  greater  supcrticial 
petrcnal  nerve  albo  is  to  be  considervd 
as  a  second  visceral  branch  oi  this 
eanglion.  The  otic  ganglion  is  to  be 
looked  upon  as  a  sympathetic  gangbon 
of  the  third  divution;  likewise  the  sub- 
maxillary ganglion,  the  chorda  tympuii 
being  the  visceral  branch.  It  appears 
that  the  f{l oropharyngeal,  the  vagua 
and  the  hy]>()Klo-v!al  have  their  visceral 
branches  in  part  in  aJiBStomotic  fila- 
ments that  tlicy  send  to  the  superior 
cervical  ganglion,  which,  therefore, 
gives  ofl  these  cerebral  nrr\'M,  together 
with  the  four  upper  cervjcal  nerves,  to 
the  common  ganghon. 
The  Evmiiatbctic  conisistx:  (i)  Of  meduUated  libera  supnlied  to  it  as  viaeera) 
branches  oy  cerebral  and  spinal  nerves,  and  (a)  of  libers  oi  Rmxak.  which  arite 
froni  sympathetic  ganglia.  The  medullatcd  fibers  arc  [a)  ietin->ry,  {b)  motor,  for 
vessels  (vasomotorvl  and  viscera,  the  latter  entering  into  sympathetic  ganglia, 
whence  Kemak's  fibers,  as  well  as  meduUated  libers,  pass  from  the  ganglion -cells 
to  the  innervated  areas,  t>)  inli'b'i'X'y  fibtrs  and  v<isoiiHati>rs.  in  the  course  of 
which  no  svinpathetic  Kanglia  arc  inurcalatcd.  Tlie  fibers  of  Remak  arc  aJl 
motor  and  tht.'y  innervate  directly  or  indirectly  (that  is  entering  again  into  gangliat 
the  unstriated  miisculatiirR  of  the  vessels,  Che  viscera,  the  Mem,  and  the  muceles 
of  the  heart. 

The  conduction  of  tlio  sympathetic  nerve-fibeis  is  in  part  direct  and  uninter- 
rupted by  menn«  of  8ensor>'.  inhibitory  and  va»odilati>r  tillers.  The  medullated 
motor  fibers  from  the  visceral  branches  conduct  indirectly,  that  is  (hey  pan  at 
first  in  sympathetic  ganglia,  where  they  surround  the  cells,  whose  nemites  then 
continue  the  conduction.  The  nyin|iathct!c  contains  ftirther  secretory  tibcra  and 
fibers  that  control  chemical  proccis<.'s,  na  in  the  thyroid  gUmd  and  tne  adrenals 
According  K«  Langlcy  all  motor  and  sensory  tracts  derived  from  the  spinal  cord 
and  situated  in  the  nynipalhctic  make  their  exit  from  the  cord  bel^^■c<Jn  tbe  first 
dorsal  and  the  second  lumbar  nerve. 


flc.  140  — Duanin  nuiic  Renrucoiuiionof  ilit  Cuunc 
o{»Ttioi«(i(niMuhallhpS)'iiiuth«lk:  i,«piMl 
CHid;  I.  naiial  reot;  j.  donal  ml  wiUi  iisiul 
gMSMn;  4.  iDteKOMkl  n«r*«:  j.  dnrul  hnach: 
a,  nicmi  brancb'.  ;.  s'U'll'c*'  ™  ''■e  bt'''P*<I>M<<^ 
(onl:  t.  Istrnd  cutuiMiui  linni:)i  (i*(loril  ami 
slxlafniMl);  4.  pHtrrioc  bnnch-,  I.,  anierlai 
bnncb;    0.  umrnr  cuiumnu  brkncb  (pccuni 
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Light  is  thrown  upon  the  significance  of  the  ganglia  in  the  sympa- 
Lhotic  system  by  poisoning  with  nicotin.  la  an  animal  thtis  poisoned 
the  ganglion-cells  are  paralysed,  for  irritation  of  the  ganglia  is  without 
efTett.  as  is  also  irritation  of  the  nerves  passing  to  the  ganglion.  On  the 
other  hand,  irritation  of  the  ncrvc-libers  that  pass  peripherally  from  the 
ganglion  is  still  attended  with  results. 

As  to  the  functions  of  the  sympathetic  only  a  general  stinimary  will  be 
given  here. 

1.  hidepcndent  functions  of  the  s\'nipathetic  arc  those  of  certain 
p!exu.<:es  that  persist  after  all  the  nervous  connections  with  the  cerebro- 
spinal axis  are  severed.    These  include: 

I ,  The  automatic  ganglia  of  the  heart. 

).  The  myenteric  plexus  of  the  intestine. 

3.  The  plexiaaes  of  thr  uterus,  the  oviducts,  the  vasa  dcfcrcntia,  and 
also  of  the  blood-vessels  and  the  lymphatics.  The  activity  of  these 
plexuses  may  be  in  part  stimulated,  in  part  inhibited,  through  centrifugal 
nerves  from  the  ct.'rebrospinal  axis. 

II.  Dependent  /•'uncttmts , — The  sympathetic  contains  also  fibers  that, 
like  the  peripheral  ncr\'cs,  functionate  only  in  connection  with  the  cen- 
tral ners'ous  system,  for  example  the  sensor)'  fibers  in  the  splanchnic 
nerve.  Other  fibers  convey  to  ganglia  impulses  received  from  the  cen- 
tral nervous  system,  the  gunglia  in  turn  conducting  the  stimuli  further 
on  in  the  form  of  inhibition  or  motion  to  the  respective  organs. 

A.    CEREBRAL    AND    CERVICAL    DIVISION    OF    THE    SYMPATHETIC. 

I.  Fupit-dilatiHg  i"»(>ffj. ^According  lo  Budge,  these  arie<?  from  tlie  spinal 
cord,  and  Ihey  puss,  according  to  LangTey.  through  the  three  or  four  uppermost 
dorsal  nerves  in  the  sympathetic  cord  and  nscend  to  thrliriid  (inlhr  cull.  Diviititm 
of  the  sympathetic  cord  or  its  communicatinR  branches  caiist-s,  therefore,  con- 
traction of  the  pupil.  Tlic  central  origin  of  these  fibers  is  discussed  on  pp.  734 
and  74 Q- 

1,  The  motor  fibers  for  the  unitri^tcd  muscles  of  II.  Mullcr  in  the  orbit  and 
the  lids  ftnd  for  the  exlfrna!  rectus  past  in  part  through  the  A<tna.l  nrrvcs  from 
the  first  to  the  fifth  (iw  the  cat),  According  to  Frl.  Klunipkc  undOppeiiheim  the 
communicating  hmnch  of  the  lirst  dorsal  nerve  in  man  is  the  path  for  i  and  1. 

3.  Vasoniou>r  fibers  for  the  vcsseU  of  the  extemnl  ear  and  the  side  of  the 
face,  the  tympanic  cavity,  the  conjunctiva,  the  iris,  the  choroid,  the  retina  (only 
in  p.'irt).  tlie  pharynx,  ihe  larynx,  the  Uijiuid  ijlaiid,  the  brain  and  its  mem- 
hraiiw.  dtrived  from  the  thoracic  ncrvi;s  irom  the  first  to  the  fifth 

4.  The  ccr\-ical  sj-mpalhciic  cord  contains  centripetal  fibers  that  stimulate 
the  vasoraoinr  center  m  the  medulla  oblongata. 

5.  Secrttory.  Irophit,  and  vasomotor  fih<rs  for  the  ealiviir)'  ciandt,  appearins 
in  th«  thoracic  nerves  between  the  first  and  the  lifth. 

ft    The  stufat-fibfti  are  dticribcd  on  p,  537 

7    Also  the  lacrimal  glands  receive  aympatbetic  teertlory  fibert. 


B,   THORACIC   AMD   ABDOMINAL   DIVISION   OF    THE   SYBIPATHETIC. 

t.  This  division  inctudos  first  the  svmpathctie  portion  of  the  cardiac  ptftut. 
which  sends  to  ihe  hetul.  accelerator  /il>er'*  frc-m  the  inferior  cervical  and  the 
i;uiH.*riur  tliomcic  };«iigli<m  arifiiiig  (in  the  cat}  from  the  upjter  cervical  niMVfr* 
between  the  first  and  tne  sixth. 

».  The  iias^moion  tot  the  extremities,  the  akin  of  the  trunk,  the  lungs  (in 
part  from  the  va^iis).  p.issinij  throu^Eh  the  sympathetic;  are  dcscritied  on  p,  763. 
the  vasadiialars  on  p,  77J, 

3.  TIk:  piiomotor  nb*rs  ari«  from  Ihe  nerves  between  the  fourth  thoracic  and 
thft  third  Uimbar.      Th«y  r-'"-  t  '  ''"'    ■^mpathelic  cord.  wher«  a  gaagUon-cell  is 
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;<;,      ;■-      :-\:-  ,'r-  r:.  *h^  zir.j?:^     :  -'-v  i'.-^.i^  z  -'.  ■:\zz~i-  •-  rn  -.i;  r-r.'i  :-r- 

U^.^^V:.^z'^J'^^ '    "" '■  " 

'j.  '."?.*  -tiT.'.r.'.ir.-.':  '.!  •.h-:  ;-;.;;.■  ir.d  n:i-.T-i::i':--  r.,'-:i.-- .  :i  i:i^-.ij^i  :-'-.  ::* 
ar.'i  j:-,      .'•.'.'.'-r  '■x-:~.a;;"-r.  cf  ;''.•;  celiac  gir.gl:'.T:  l_i— .i.-_iiLy  i:-jt— .;-£  :rir_';*  :r-." 

iT'Jir.  •;-.-■  ar.-j- 

>  Fsr.aity  -.r.-  a'-.'i.n-.ir.a:  <!:•.-:;:,-  A  •.he  i-.Tr.; a*,-^rT:c  ;  -:i:-i  —.■:.-  ir  i 
T^'  ■»:  :  '  ,*.-'■  '.''  ;h*  Afi't'.r..  the  lari'-;  :r."t:-':r.t:  ". .  ■:■  r:cr.  t'--.y  '.ij^  i::h  -'-t 
art^nal  •.r-^r.i.i  -h»-  Mad-ler  -ht  -jr-rttrs  -o  -^•'r-:-.'r.  -.h-,---'  ;i^i  :r.  :r.-.  *-•--  ^i?:—.- 
p'.'zx-i:'  '.r.'r  vi'^  'ir:i':TtT.:in  ar.d  -ht  st— :r.aL  vv=:;lci  '.rr.;^:-.  r.  ::  iriy  ■  -.=*« 
nt-r.-rir-f.ra/t',  f.a'i-*;;  ir.crtai*-!  nr.overr.cr.t  of  i'r.e  ■'.rjfar.s  -t:  j-jts"::?:  :he  i:=-.:r.:sr.*-d 
s'jj/jjiy  'if  r.^o'.'i  air'j  M:X:r.^  hi  ar.  f-xc:;:r.^  fac'.'.r  Sic:i;r.  iTi'^iei  viiCilir  iuiti- 
f.'.n  -A:',h  '>.f,or.'iar^/  'l*:rar.geir.frr.*.  of  tht-  eirculat:  jr.,  ar.  i  rr-.illy  :f  -.'rx  r.-j:— :-:r. 
Th*:  r'jia'ior.i  '.f  "h-:  adr-inal  Vy>^:(;s  "f)  ".ht  syrr.: i"hc",:c  have  itt-  ijc-^sjoi  ;-r 
J,  T',7  Th':  rma!  :,>.x'is  is  d'.-'itrir*'!  or.  p  1:5.  ar.d  '.he  cavc— — j*  7>,x-.:;  :r.  ccr- 
nection  v,:*.h  '.■r'f;t\'.r.  '.r.  p.  ',:- 

From  ih*:  IirriV-sacral  ^^ortion  of  the  ;ji:r.a;  CTd  Thin-  :is-je  as  s-.-rr.ra-.htUv- 
filam''nti  airiost  ex'.l'j.siviy  mciuliaied  :;rit-r>  tha:  jass  :r.  'h;  s;.rr.r  jtr.n;:;  o-r.; 
an"!  th':r.f;';  [.ar^;y  to  th*r  :r.ffnor  mcM-nit—c  gan^li.r:  ar^d  Thtr.ce  :"  :ho  '">Ti."- 
ga^trjc  ari'l  :Ttff-r:'.r  :r.'. str.toric  r,tr^-ts.  ar.fi  j.arrly  '.hr^u^h  tht  sicr^i;  s'.-;r.-.  i;h«t;c 
Kan^l:a  '.o  *>.'■  ^afral  r.-.-r.''  =  to  the  sk:n. 

Th':  .i<tt:'<;r  -'i!::,i-  contain  inhibitory  rlVt-r?  f  r  thi-  ry.'.:i>.-^^at^;rt  ::'  the 
rli:sc':nf]inj(  r.oloTi  ar,'l  thf-  r'-f.tum.  Inhibitory  ar.'l  ;r;''t'  r  r.:<rs  :  as?  t--'  thi  ■.rtcrr-.a! 
Sph  in '.■('■''  an:.  [rr;tat:ori  of  th'.-  tiranchts  causts  al~'  ■  ^  ■:i;r;ic  ;;■.::  ■'  I  the  v;^:strtiti>! 
muscl'r-I.Ii'T-  of  th'-  5kir.  surroun'lir^  the  anus  and  ^allT  >.■:  tht  ar.al  rruC'-''-.;* 
mc-mhran'- 

Thi'  '(^f'l/  '■''■ji;  .'^-  't-r.']  motor  r.ljf-rs  to  the  rt-ct-.:::'.  a:;-l  :-.<.  c-  '  r.,  :-  i  t  :rf-."r. 
inhibitory  !;b'  r-  ','.  ■.r:f  inttrnal  .iphincttr  ani,  the-  a'i;aixn;  :7i'.:si-i:lat'.;rt  .■:  :ht  sir.r 
ao'l  vas'i'liiJiV.r-  'o  th'.-  m-.icou-;  mim'r irano  of  tht-  rtfti::r.  jr..i  thi  vstv—ta!  j;tnv 
tatia.  Th':  ii.f' r;or  m'v^n'.cTK'  KuTLaii'in  actinj:  a-;  a  riTiix  ci-rtt-r  rttjy  :r,ir:-r.tit 
m'jlor  im;,iih<.-.  to  thi-  liIa'Mir  m  ri-sjj'>n<t  to  irritati'-r.  ■■!  itr.-.ijr\'  r.t-rvi.s  ■. :  ;h;j 
viscus. 

Pathological.  In  atciir'lantt-  with  the  varii-ii  ratniiicatii.iits  i.f  thi-  .-ivr.t:  athctiv- 
it  'jfTtrs  a  -.vj'li-  )n.-I'i  for  j/ath'il'iKical  'Jisturhanct-s  It  shi'tild  !».  st.-iti-,;  that 
afTcrti'ins  of  all  of  tht-  t;Ur!^  rclatcl  to  thi-  va.-c;uiar  sv^ti-m  an  d;>c-j:ijin:  ilik^vhi:^ 

(p-  77°)- 

Th':  o  r;-i..-.i.'  yiiip'i!>u;i-:  is  most  frt-quintly  j.araly^L-.l  1  if  irniatui  Vy  d:rtvt 
tranm.-ilii:  intliu-in  i-s  (luii-;hot-\virtirtils  or  iiiincturi-ii  wounds,  tun-.ors.  er.Urjii-Tl 
lymjihati';  uliiri'!'*.  ari'-urysins.  intlammati'inr.  of  tht-  afiiii-s  of  th<*  hinps  ar.d  the 
Ji'ljiKri'ni  [jli'ura.  i-xostosi-s  of  the  vi-rli-liral  column  may  t-xi-n  in  jian  ar.  :m;ani. 
in  pari  ri  pnriilv/anl  clf'-cl  Tht-  rt-.-iuhin;;  ^ymjitum^  havi-  liiii  in  pan  ardlyrni 
in  ill':  'li':'u-isi';Ti  of  ih'-  1  liiiiry  ;;fint;lion  (\<  i'iS4  >.  lrr:\Vr..'»  i.f  iIk-  ctT^-..-j.^  svt-.v.i- 
thctif:  '-;iu  ii-s  III  ttiaii  'lilal.ition  of  the  [mjiil  f>5pastic  invdria>Lsi .  loj;t-lhfr  v-\'.'t.  ■  -iV.  r 
of  ihf  fai  I-  aii'l  '«  caMrrjially  hypi.-ri'lrosis.  'ijsord'-r-.  in  ni-rir  vjmhii.  ;hf  \v.-.  '.  -*■"■":: 
un:il>li'  to  (oiitra'-t ,  ^o  that  split-riial  al'irratii-'n  itmst  have  a  distiirl'ir.i;  vTvCt 
[irotrusiu?]  of  tlit-  i  yi-)iall.  with  wi'linin;;  ••{  the  pal|nliral  rissiiri  /'iirj. ;..■;.•  ia--s«.' 
an  jni-ri-aM-iI  siipplv  'it'  hl'ioil  to  thi'  ariVeii-ii  siik-  of  ihf  hiari.  iwcasi'-irally  ;r: 
ass'iciati'iii  witli  aindioiii'.  Tin-  rnliii-nui^  may  iiiinasi-  U<  a  ip;Uholoj;ical  dei;n.-i 
Later  oit,  paValy-  i-'  of  tin  cervi.a!  syiiipatlii-tii  i>  iiHtnded  with  dihilation  I'l  thi 
pujiil  (parahlii-  iii',  o..i;.i.  ■.-.hii-li  in  tin  att  'if  areiiiinii'idalK'n  luiderjiiH-s  change 
III  iliaini  lir.  hut  ii'^i  --w  -MiiMilatMn  l,y  liiiht .  ii  !•■  >li;;htly  dilated  by  atrvipiii 
Al  the  ■.anil  tiiin-  tlir'  ifalinl'pral  !J-.>Mri'  is  iiarr^weci.  the  eyeball  retracted,  the 
I'ortiea  s'liii'  >vliai  llaioiii-l,  and  lln-  t.n-^i'ii  '.f  the  eyeliall  diminished.  Irrita- 
li'jii  of  till  sviii]iai  III  1 1[  li,-!-.  Lull  alli-niied  with  inereaseil  secretion  of  saliva 
Ain'inn   the   svrii|<t"m-.   '<i   ii-|-i(;ilii-n   of   the   eervieai   sympathcttc  descril»cd.   uni. 
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Ifitwral  facial  atrophy  ha»be«n  observed  Irritath-e  phcnomima  in  tbe  dtstnh\)tion 
of  thi:  splanchnic  nerve,  especially  as  a  result  oi  l«ad-poi coning,  arc  attended 
with  wvcrc  pnin  (oiituminc  oolit;).  inhiiitlion  M  the  Tnovcmonls  of  the  intestine 
(and.  thervfore.  obstinate  conKtipationl.  n^vx  inhibition  of  the  action  of  the  heart 
(in  the  nense  of  llw  percussion-esperimeni  of  Golia).  Amonfj  the  foniiit  of  irritation 
in  thf  (lixtritiutioii  of  the  scn.'Win-  nerves  of  thu  -lymitiithclic  arc  the  (Miinful  affection 
in  the  hi-po^.istriutn  and  sacrul  regions  dcsigiiatcd  h>T>ogastric  neuralgia,  hystcral- 
gia.  neuralgia  of  the  icBticlc,  which  arc  localized  in  ttic  respective  plexuses  of  thJe 
Kj'mputhctic,  In  cunnectiuii  tsilli  aflectioitK  of  the  alxli^^nnal  K\tnpathetic  ol>sti- 
natc  constipation  i*  at  times  observed,  and,  m  iiddition  to  irritation  of  the  splancli- 
nic.  thcfc  may  be  deficient  secretion  on  thi;  part  of  the  inteiitinal  glands;  at  other 
limes  increased  secretion  from  the  intestinal  mucous  membrane.  With  re*p*ct  to 
all  of  the£e  mibjecCs,  however,  there  ix  us  yet  connderable  ohscurity. 

COMPARATIVE.     HISTORICAL. 

Some  of  ihe  ccrdinil  ni-rvr.'s  Iiehavc  like  the  imlcrior.  and  others  liVc  the 
posterior  roots  of  tht  spinal  nerves  in  selachians  the  nerve- branches  arising;  an 
patt«riiir  roots  supply  upon  the  la.id  the  muiclea  of  thu  visceral  slcclcton.  In  the 
vertebrates  come  of  the  tcrtbra^l  nerves  may  be  entirely  wanting;  others  may  be 
abortive  or  beccimc  Untnehi-s^jf  -jtlitr  nor\"e»,  (Vlnecnnt  po»se)>s  no  olfactory  nerve, 
The  facial  nerve,  which  in  man  is  the  mimetic  and  the  respirator)'  nen-e  of  the 
face,  grows  smaller  and  smaller  in  the  lower  elaises  of  vertebrate!!,  in  conjunction 
with  rcrdtiction  in  the  sute  of  the  facial  muse1e«.  In  binlu  und  reptiles  it  innervates 
the  muscles  attached  to  the  hyoiil  liime  irr  the  siipt-rlicial  musctes  of  the  necic 
and  the  nucha  In  amphibia  (froKL  the  facial  is  no  longer  prewin  as  a  separate 
nerve  The  branch  eiiutvaleiu  to  it  ii  Jerived  from  the  jcnneliun  of  the  triKcminu*. 
In  fish  the  fifth  nnd  seventh  Ker%;e5  furm  n  eommon  eonipicx.  The  portion  cor- 
responding to  the  facial  (also  designated  opercular  brancn.  of  the  Ingcmiiiusl  ia 
especially  the  motor  nerve  of  the  muscles  of  the  ^iU-'^c.^'er  wnd,  thertK-ic.  prove* 
itself  to  be  a  respimtorj-  ner%"e.  The  cyclostomata  (lamprvy)  poswciis  an  inde- 
pendent facial  nerve.  The  vn^is  is  present  in  all  vertebrates.  In  nsh  and  tad- 
poles the  great  lateral  nerve  of  the  abdomen  is  derived  from  it,  passing  in  the 
middle  line  of  the  body  alonjc  the  lateral  canal.  ItK  ihni-inulive  i(nHl<i;^i<-  in  man 
is  the  aikricular  branch*  In  the  frog,  the  ninth,  tenth  and  eleventh,  and  also  the 
seventh  iind  eighth  nerves  arise  from  a  common  trunk.  In  fish  andamphibm  the 
hypugluKMui  i»  the  llr*t  Npiniil  nerve.  In  the  anitihioxus  cerebral  imd  *innal  ne^^■e» 
arc  not  to  be  distinguished  from  each  other.  In  them  aho  the  pcreterior  roots 
supply  the  muEcle&  of  the  viscera.  In  other  respects  the  spinal  ncr%'cs  in  all 
clasaea  of  vertebrates  odiibit  marked  iiniforinjly.  The  sympathetic  ia  wtrntiiij;  in 
cvclostomata,  beinj;  replaced  by  the  vai^s-  In  the  remaining  li.'^h  its  course  is 
along  the  vertebral  column,  where  it  receive*  the  communieAl ing  branches  nf  the 
Spinal  nerwB.  In  the  region  of  the  head  its  anastomoses  wth  the  fifth  and  tenth 
nerve,  are  especially  conspicuous  in  fish.  In  frogs,  and  in  still  greater  degree  in 
birtlK.  the«e  ana»tamot«s  with  the  cerebral  nerves  are  more  exicnnve. 

The  vacus  and  the  sympathetic  were  already  known  to  ihe  school  of  Hip- 
pocrates. Hcrophilus  (,j07  B.  C)  was  the  first  to  distinguish  the  ncr\es  from 
the  tendons,  which  Arintotle  slill  confounded.  He  vtaa  aware  of  the  decuiuiatioii 
of  the  optic  nerves.  According  to  £ra«istratiis  alt  nerves  orit:inate  from  the  brain 
and  the  spinal  cord.  He  distinguished  motor  and  sengon.'  nerves.  Marinus 
{80  A.  D.)  was  the  f>nl  to  describe  seven  pairs  of  cerebral  nerves,  Galen  already 
possessed  a  comprehensive  knowledge  of  the  function.i  of  tht-  ners-cs.  He,  as  well 
as  Rufus  of  Epnesiis  (1)7  A  I).),  whk  familiar  with  the  cmbnrrastefl  hreathinj; 
following  section  of  both  vagi.  He  obser\-cd  aphonia  after  ligation  of  tht  recur- 
nmt  ner%-e  He  was  familiar  with  Ihe  acceMory  nerve  and  also  with  the  ganglia 
connected  wilh  the  abdominal  nerves.  He  did  not  place  (he  olfactory  nerve  in 
the  same  category  as  the  other  cerebral  nerves.  Achillini  (died  I5>jj  discovered 
the  true  olfaciury  filaments.  Fallopiua  placed  the  g)ossophar>'ngeus  in  an  indc- 
pendeni  nusition.  The  cauda  equina  is  mentioned  in  the  T.-tlmud,  Cuitcr  (1  f  J}) 
described  accurately  the  anterior  nnd  posteriw  ro«ts  of  the  spinal  nerves,  van 
Heltnonl  (died  1(44}  announced  tlial  the  peripheral  motor  ner\'e»  arc  also  sensitive 
to  pain;  and  Oiesalpinus  ('5T<)  stated  that  interruption  of  the  circulation  in  a 
part  renders  it  intensttive,  Thomas  Willis  described  the  portion  of  the  accessory 
ner*'*  derived  from  the  vjiiiial  cord,  im  well  us  the  princij)*!  ganj[lia  (1664).  The 
4ft 
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first  reference  to  reflex  movements  was  made  by  Des  Cartes  (1670).  Stephen  Hales 
and  Robert  Whytt  showed  that  the  spinal  cord  was  necessary  tor  their  occurrence. 
Prochaska  first  demonstrated  the  reflex  path.  Duvemey  (1761)  discovered  the 
ciliary  ganglion;  Varoliiis  {<S73)  the  chorda  tympani.  Gall  traced  more  accu- 
rately the  third  and  the  sixth  nerves,  as  well  as  the  spinal  nerves,  into  the  gray 
matter.  Up  to  this  time  only  nine  cerebral  nerves  were  described.  Sonunering 
(1791)  differentiated  the  facial  and  the  auditory;  .-Vndtrsch  (1797)  the  ninth, 
tenth  and  eleventh  nerves. 


PHYSIOLOGY  OF  THE  NERVOUS 
CENTERS. 

GENERAL  CONSIDERATIONS. 

The  central  nervous  organs  are  in  general  characterized  by  the  follow- 
ing properties : 

1.  They  contain  nerve-cells,  which,  arranged  in  groups,  are  situated 
either  within  the  central  organs  of  the  nervous  system  or  peripherally 
in  the  course  of  the  nerves. 

2.  The  nervous  centers  are  capable  of  discharging  reflexes,  as,  for 
example,  reflex  movements,  reflex  secretion,  reflex  inhibition. 

3.  The  centers  may  be  capable  of  automatic  activity,  that  is, 
apparently  without  external  stimulation,  they  may  give  rise  to  impulses 
that  are  conveyed  to  peripheral  organs.  This  automatic  stimulation 
may  be  either  continuous,  that  is  persisting  without  interruption  (tonic 
automatism  or  tonus),  or  intermittent,  pursuing  a  certain  rhythm 
(rhythmic  automatism). 

The  central  organs  are  the  trophic  centers  for  the  nerves  passing  out 
from  them.  They  may  also  act  as  centers  for  the  nutrition  of  the  tissues 
innervated  by  them.  Psychic  activity  is  dependent  on  an  intact  con- 
dition of  the  ganglionic  central  organs. 

The  foregoing  functions  are  related  to  different  centers,  none  of  which 
is  capable  of  representing  several  activities, 

THE  SPINAL  CORD. 

THE  STRUCTURE  OF  THE  SPINAL  CORD. 

The  spinal  cord  (Fig.  250)  contains  within  its  structure  the  gray  matter,  which 
on  section  is  H-shapcd,  and  exhibits  the  anterior  horns  {co.a),  the  posterior 
horns  [co.fi)  and  the  central  connecting  segfment  constituted  of  the  anterior  and 
the  posterior  gray  commissures.  In  the  middle  of  the  last-named  structure,  from 
the  calamus  scriptorius  downward,  passes  the  central  canal,  which  is  the  remains 
of  the  embryonal  meduHar>'  tube  and  is  lined  by  two  or  three  layers  of  cylindrical 
cpithflial  cells. 

The  witile  matter  surrounds  the  gray  and  it  is  divided  into  several  columns. 
In  the  median  line,  anteriorly,  a  deep  fissure  (s.a)  extends  into  the  cord,  but 
not  quite  to  the  gray  matter,  leaving  at  its  bottom  the  ivhite  commissure  (c.a) 
intact.  The  anterior  column-  (f.a)  is  situated  between  the  anterior  longitudinal 
fissure  and  the  groove  for  the  exit  of  the  anterior  roots.  The  lateral  portion  of 
the  white  matter  between  the  anterior  and  posterior  roots  is  known  as  the  taleral 
column  (j.l).  Finally,  the  area  between  the  line  of  exit  of  the  posterior  roots 
and  the  posterior  lon^tudinal  fissure  is  designated  the  posterior  column  (j.p). 
The  posterior  longitudinal  fissure  {s.p)  penetrates  more  deeply  than  the  anterior 
into  the  cord,  up  to  the  gray  matter. 

The  white  substance  consists  of  meduUated  nerve-fibers  provided  with  homy 
sheaths,  and  arranged  longitudinally  in  the  columns.     The  incoming  roots,  as  well 
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OS  the  IvngitudinaU  fibcn  entering  the  columnt  from  Ihe  fcrny  matter,  have  in  part 
a  lrAn«vcr«'  and  m  part  an  ohliqui;  c(Hif«c.  In  ihc  anterior  white  cBtnmiMuiV, 
libers  pacing  in  a  cransveru  diivction  d«cus3atc. 

The  gray  matUT  exhibits  in  crots-steetion  the  anterior  horns  (,fo.a)_  from 
which,  on  each  wi!i\  iht-  Htiirrior  roots  of  thp  spinal  ncr\cs  nrisr.  al&>  the  po»- 
lenor  horns  ((■./'h  wth  the  incoming  posterior  roots  (rp);  and  jn  adilltioa  the 
smalkT  lau-riil  horns  U'O.  In  the  anterior  horn  tiiL-  follounne  pvnips  of 
celts  can  tic  (lislinifuixhc*!:  (i)  The  hirxe  n>i?t-cells  (n)  intuat^d  anu-riorly  and 
latcraUy,  fn^ni  nhosc  ncurii<'«  the  anterior  roots  arise  directly.  The  dcndriie« 
ai  th«»L-  cells  pass  into  the  anterior  ajtd  lateral  colunmx.  and  in  pari  also  into 
the  anterior  white  tommiwiurc,  (»)  The  commissural  cells  (fc),  principally  ante- 
rior and  median  in  Kituatinn,  but  in  part  also  in  the  gray  matter,  whieli  send 
their  neurites  through  the  anterior  white  commis-iure  to  the  opposite  side,  where 
t  hey  divide  into  an  ascendinf;  and  a  descending  branch. 
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Hie-  l]ll  TllllllllMTillltllllir  Ihr -Sr^TuI  i:.r.lMUi.  Iy<r]  ol  lUrKtilitli  IWul  Nrr\c.  X  lOUJIM Sttnlbt^. 
i-i.  i\aMriiV  kmlMtfaHl  BMUrc;  if  j-<<i<iv'i  KiAum,  ui.<^u|nuui  i<"  f»"'i''"<  Imiti'ttJUMl  fcj*'*'j  **■ 
■nlnior  mNunlMUf*^  r4«.  mmil  ^irUimiiLi.  >.ii)i>iunir'  c,  tinirii  (aiui.  i  t.  in'aieriomHaBMR;  t. 
Trin;  tan.  ■nlprlnr  Hnm:  fvi.  l«-E#Tai  hjirr:  .m.i  ^^fliind  i!  ihc  nrtiL-iilnf  iiCfM.c*»L  i*'.^.  j*«l*fli* fc*<l^  *,UMMti> 
liirrjl  Mirl.  i>.  iiitfciiir  m«ilan  anRi|>  III  U'>i'iili"'i-i 'llh,  i.irlltul  ilii- liuia.)  hdn ;  d.  alii ■!  lb*  aduMm 
ol  Stilling  ini  C^Iiik*;  r,  (aliiary  nil.  . i(  i"i  -t-ctticit  horn,  'J,  nnitncr  ruol:  r.^.  {■MmVv  i»«;  /.  IW 
usTtTiiiT^nTn  ItunJtri  f.  rmutior-edumatitiiiilk^  T'l  >oWii»t>n>l  Abmof  tbcpa«akelwn;  M-R'Snl' 
mail*  ni(»<uicr  M  Knbmla;  /j,  aiilwiar  tulunD-.  /J,  Ulinl  celnmn:  l-t.  peacfier  eglOM. 

The  laUtal  hams  contain  the  so-called  coltunQ-ceUa  <ct'.').  thai  is  small  jjangUa 
whose  rwtirites  form  short  connecting  tracts  tieiween  groups  of  cells  at  difierrnt 
levels  of  the  cord.  These  connecting  tracts  are  sitiiatetl  in  the  imierior.  posterior 
and  lateral  white  columnH  (Fig.  3«.  b.  (.  d),  and  thej*  s«tvc  for  the  conduction  of 
extensive  ciXjjtlinatcH  n-llcxet  Intcmal  to  the  ongin  lA  the  posterior  homs, 
adjflc»ni  to  ihe  posterior  conimissiin:.  is  situated  a  gnnip  o(  cells  fonninK  the  column 
of  Stilling  and  Clarice  (J).  Thi«  group  of  cells  is  plainly  visible  from  the  lower 
cxtiemity  of  the  cervical  to  tttc  befpnning  of  ilie  lumbar  enlargieroent.  and  its 
neurites  paM  parity  in  the  direct  cerebellar  tract,  and  partly  to  the  anterior 
white  coniinissure. 

In  addition  there  are  in  the  anterior  portion  of  the  gray  mattsr  ganglia  with 
short  neurites  whose  complex  ramifications  terminate  in  the  imtnediat*  vicinity 


THE   STRUCTt'RE   OP  THB   SPINAL  CORD. 


7'i 


m 


o(  thv  icanKlia — further  pluricordonAl  ssaglia.  who«c  ncuhtcs  rvf)catc41y  *«iid 
divtclcfi  libers  into  the  white  cglumn*  of  the  Uin«  6><lc  (m-  after  passing  through 
Ihc  conimissuref  of  the  oppo«ile  nf  the  cord. 

The  paitsriot  liani  ooniains  in  Addition  In  t.he  );elntiiti>u<  mbctAnee  of  Riilonda 
UK-K)'  (<)  The  tfxct'tibnjfly  iirall.  spindk-ahaiH-il  Ranghon-colls,  whose  iwiiritcft 
pass  into  the  iKWUtriur  coltiiiin,  ;in(l  whote  inincately  br,inch<rd  dendrites  pcnoirat* 
the  base  of  tne  pcBieriur  horn:  (j)  ihe  rjlher  Kujicrlicial  limiting  cells  situaivd 
ntar  the  ajjcx  o(  the  piwtcnor  horn,  whose  nc-uincs  p«s(  t;hn)uj;h  the  p-latinoiw 
ituhtitunrc  into  Lhc  hitenil  column:  (.0  Btar-diapcd  cells,  whose  dendrites  in  parL 
eaur  the  column  of  Burdach.in  part  the  gelatlnouiikuhstaace. 

Tbv  gmy  mattL-r  <:oniains,  in 
Midi  t  tun  to  ibe  x"*'  ]{hon-ce  Us,  xa 
exct-cdingly    line    t»L-twofk    of    most 

dflicato  nrVvc-tihfrs.    This  is  formed  |^       y{\ 

in  part  of  intricaicly  divided  fine 
lib«?rK,  the  dendrites  of  thi-  ginij^ion- 
cells.  hut  also  of  numerouK  ftlihl« 
given  off  by  the  longitudinal  axis- 
cyliiitk-n*  present  in  iill  uf  the  white 
coiutnnn  of  the  »pinal  cord.  These 
have  been  designated  coUaUrais  by 
Santi&s^o  Ramon  v  CajuJ.  The  antv- 
rior  columns  »en<i  a  rich  nctworit  of 
oIUm-mIk  to  Ih*  anterior  horns;  the 

lai^ra!  columns  to  th«  reRion  of  the  ■^J!        %'C 

column*  o(   Clarke  and    thi-  ci-niraj  ^.  lO  *       r*^  ' 

canal,  snd,  in  cniunction  with  the  -1   V"^^L       "1 

collaterals  from  all   three  columns.  y^\.\^      n>^     . 

y  form  the  [icwterinr  gi^y  cnmmis- 
_  .!rc.  The  fibers  of  the  posterior 
columns  acnd  collaterals  to  the  poatv- 
rior  horn,  the  anterior  horn,  and  the 
columns  of  Clarke. 

The  motor  fibers pawinjithrouKh 
the  while  cokimns  of  thi-  spinnl  cord 
jive  tiff  niimcn^iseoUat^rals  to  the 
gray  mati<T  throuRhout  the  entire 
liiiS'h  (nini  above  dijwnwiird  lo  the 

level    at  "■liicJi    the  motor  conduct-  

ing  tract  reaches  the  motor  cells  of  ^"'^  1  "      .0^  «.  *  C 

the  anterior  horn   liy  contact  (Fig  '  '  ' 

151,  m.c), 

The  neurites  that  form  the  ajitr- 
rUir  t!X/ls  give  off  collaterals  to  lh« 
gray  matter  before  they  leave  it. 

If  A  posterior  root-tilxT  be 
followed  into  the  spinal  card,  it 
mil  lie  found  to  divide  into  an 
ascendini;  and  a  descending  branch 
in  the  posterior  column.  From  buTh 
of  the*e  branches.  (i«  wfll  as  from 
Ihc  root-tibcr  itself,  collaterals  arc 
given  off  that  enter  the  gray  mutter 

and  terminate  in  arliorescent  rami-  Fm.  ijt. 

6cations  (Fig.  a^i,  s,  c>.     Tlic  ex- 
tremity of  the  descending  branch  f'>rms  a  collateml   in  the  gray  matter  of  the 
cord,  that  of  tht-  ftsci-nding  branch  a  cnilatcral  in  the  medulla  oblongata, 

Tbe  White  Matt«r.~All  of  the  Inngitiidtnal  ner\"e-nbera  composing  the  white 
matter  of  thir  columns  of  the  spinal  cord  ore  arranged  fiyrtematically.  according 
to  their  function,  imo  separate  bundW, 

Tiirck  obncrved  that  after  disease  of  certain  portions  of  the  brain  Ihc  definite 
tracts  of  fiber*  in  the  spinal  cord  were  secondarily  degenerated.  P.  Svhieferdecker 
confirmed  this  olwervation  by  antmal  exjieri mentation.  Finally,  Flcchsig  dem- 
onnirated  that  the  liK-r-systems  in  tike  spinal  cord  receive  their  myclin-^caihs 
at  different  times  in  the  process  of  development,  and  that   those   libers  wtiiwe 
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former  with  the  tvffmentiira  of 
the  carsbral  jx'dunole  Finally, 
there  develop  the  libcr-sysiernB 
that  connect  the  gunelia  of  the 
pes  of  the  ccrcbrsl  prduncle  and 
perhaps  also  the  gra^F'  matter  of 
the  cerebral  cortex  with  the  Kt]fty 
matter  of  the  spinal  cord,  itw 
pyramidal  tracts  at  ihc  time  of 
Dirth  are  still  non-metJullnted.  In 
ctue>  of  congenitAl  abaence  of  the 
cerebrtiin.  neither  the  pjTatnUls 
nor  the  p>-nini)dal  iractsdevclop. 
Even  pnor  to  birth  myelinated 
fibers  develop  in  the  brain  in  the 
paracentral  lobule,  the  central 
gvri.  the  occipital  lobe,  the  island 
o{  Kcil.and  latest  in  the  frontal 
lobes. 

The  coHittciiita  tissur  of  the 
spinal  cord  is  derived  in  part  from 
ttii;  pia  mater  and  pcnctral^s  with 
tTiP  vessels  only  into  the  while 
mailer,  to  separate  the  iierve- 
titicra  into  Mcparate  bundles.  From 
it  the  neuraelia  must  be  distin- 
guished —  the  true  supportinji 
tissue.  This  is  not  a  connective 
tissue,  bcine  derived  from  tJic 
ectoderm.  It  consists  of  a  homc- 
Ijeneous,  stmctureless,  semisolid 
ground-suhKtance,  together  with 
spider-shaped,  ator-uiaped,  or 
tree>sha|)ed  glia-twUs.  intricately 
interwoven,  and  nucleated  or  noc- 
nuclcatcd  flbcrs  composed  of 
keratin.  The  futiction  of  the 
neunMiia  is  to  afford  a  support- 
ing  Iramcwork  for  the  nervc- 
tisaues.  to  protect  them  from 
pressure  and  toixolute  them  (n 
addition  ii  forms  chnnm-ls  for  the 
fluids,  or  Ivmphsiic  paxsaj^i. 
without  endothelial  hnini^.  for 
the  lymph  sn  jdmndnntly  j;iven 
off  by  the  nervous  elements, 
especially  the  ^anjflta,  kn  a  ri^-mlt 
of  their  acti%-ity,  lo  eventually 
reach  the  pcrivaecular  spaces  or 
\hv  ral>pial  space  directly.  This 
•upportinji;  tissue  is  much  denser 
around  the  central  spinal  canal 
than  the  so-called  central  epen- 
dvnua'Iibers:  furlher.  it  is  more 
abundanl  al  the  apex  and  the 
margins  of  the  posterior  horns, 
where  it  i»  known  as  the  gelatin- 
ous substance  of  Rolando.  The 
neuroglia  is  present  likewise  in 
the  cerebrum.  The  ganglion- 
cells  arc  surrounded  oy  cup- 
shaped  lymph-spaces. 
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THE  SPItfAL  REFLEXES. 

By  reflex  movements  arc  understood  such  as  arc  induced  by  irritation 
of  a  centripetal  (scnson-)  nerve  The  latter  lakes  up  the  irritation,  and 
conveys  it  tn  the  spinal  cord,  tlie  cellular  gray  matter  of  nhich  acts  as 
the  reflex  center.  Here  the  impulse  is  transierreii  to  the  motor  centrif- 
ugal path.  Three  factors  are  thus  rontemetl  in  a  reflex  movement 
;ind  together  constitute  the  so-called  refUw  arc:  the  centripetal  fiber, ^ 
the  transferring  center  in  the  gray  matter,  and  the  centrifugal  fiber  (Pig. 
351.  s  h  V  m).  The  activity  of  the  will  is  excluded  in  the  ot-nirrence  of 
a  reflex  movement. 

Three  varieties  of  reflex  movement  arc  distinguished:  i.  The 
simplf  or  partial  ri-'iicx.  which  is  characterized  by  contraction  of  a  single 
muscle  or  at  most  of  a  small  group  of  muscles  as  a  result  of  stimulation  of 
a  sensory  nerve.  Examples  of  this  type  of  reflex  niovemem  are  thfii 
contraction  of  the  quadriceps  fenioris  muscle  following  a  tap  on  the  knee; 
and  the  closure  of  the  lids  as  a  result  of  irritation  of  the  cerebral  nerves 
on  the  eye.  2.  The  wiJapread  incotrrdinated  reflex,  or  reflex  spasm. 
This  occurs  in  the  form  of  tonic  or  clonic  contractions  involving  entire 
groups  of  muscles,  or  even  all  of  the  muscles  of  the  body.  The  reflex 
b~pasm  is  due  to  a  double  cause:  (a)  the  gray  matter  of  the  spinal  cord 
may  be  in  a  condition  of  excessive  irritability,  so  that  the  conveyed  stim- 
ulus can  be  readily  transferred  from  its  point  of  entrance  to  the  readily 
irritated  adjacent  central  areas.  Such  excessive  irritability  is  caused 
by  certain  poisons,  particularly  strychnin,  and  also  brucin,  cafTein,  atro-' 
pin.  nicotin,  carbolic  acid, etc.  The  slightest  touch  of  an  individual  pois- 
oned by  strychnin  is  sutficient  at  once  to  throw  all  of  the  muscles  of  the 
body  into  spasm.  Reducing  the  temperature  of  the  body  to  23*  C.  like- 
wise gives  rise  in  the  dog  to  niarked  reflex  irritability.  Also  cenain 
pathological  and  morbid  conditions  may  bring  about  a  similar  result.  An 
illustration  is  the  excessive  irritability  in  cases  of  hydrophobia  and  teta- 
nus. Conversely,  the  centra!  organs  may  be  placed  in  a  condition  in 
which  extensive  reflex  convulsions  cunnot  occur.  Thus,  in  the  state 
of  apnea  the  convulsions  usually  attending  strychnin-poisoning  do  not 
occur,  in  consequence  of  the  passive  artjlicial  respiratory  movements, 
which  cause  stretching  of  the  cutaneous  nerves  of  the  abdomen  and  chest. 
Also  the  practice  of  other  periodic  passive  movements  of  portions  of  the 
body  gives  rise  to  a  similar  condition;  and  considerable  reduction  in  the 
temperature  of  the  spine  inhibits  reflex  comnilsions.  (b)  Extensive  reflex 
convulsions  may,  however,  occur  when  the  ref!ex  stimulation  is  severe. 
Examples  of  this  kind  arc  observed  in  man,  as  in  the  widespread  con- 
vulsions attending  intense  neuralgias. 

I'm-  general  con^'ulsion  is  cxicnsor  in  ly^f  (involving  the  spinal  coluoiaS 
oiiist  III 'tonus),  becAuae   the   strength   of  the   exitnann   is  grraicr  than  that  ol. 
trie  flexors.     Ner\c»  ariHiiE  from  the  mctluUa  oblonKHtu  may  be  excited  r^flvxly • 
(tiso  by  stimulation  of  rrmotfty  situated  central  nerves,  without  the  occumoce 
of  gciicml  convulsions. 

Strv-chnm.  the  mojt  pou'#rfiil  of  ih«  |>oiions  exoitinjt  reflex  convulsions.  acl« 
dirtclly  upon  th*  ganglia  of  the  jjray  matltr  of  the  spiniU  cord.  Th*r*(ors.  the 
samu  rellex  convulsions  (woiir  when  'th<;  poison  (in  Iho  frog,  a£t*T  ligation  of  the 
heart)  it  Applied  tlirc-ctly  to  iht-  vxpoaed  spinal  cord.  Thie  spasms  occur  after 
mcchanicAl.  Ihrrmid.  or  rli-rtriral  xlimulattcni.  hut  ni>l  after  chemical  Mlmulatian.. 
Dunne  \\w  spasm  the  heart  stops  in  diastolv  from  irritation  of  the  VHipu.  and^ 
the  pnrKiiurL-  in  the  iu-ic-riL-«  undcrKocii  a  marked  tim'  aa  a  result  of  irritatioii  *" 
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the  vasuniotor  centen  in  lh«  medulla  and  sujoal  coui.  31anirauln  may  die  irtaa 
•Sphv.xiu  during  the  attack:  ullhough  after  utn|[v  dosvs  dvath  results  from  tpiiul 
paralysU  when  thv  convukions  subside  early.  I-'onl  arc  sta  a  rule  immune  to 
(airly  large  dasai. 

Elicitotion  of  iJt^  Reflexes.  Feeble  stimuli  that,  applied  once,  are  in- 
capa-lile  of  exciting  a  reflex  may  do  so  after  rcpt-atetl  appliratiun.  Under 
snch  circumstances  a  summation  of  the  individual  stimuli  takes  place 
in  the  spinal  cord. 

in  ordi^r  to  obtain  sucU  a  result  tUrcc  feeble  tttmuli  in  a  second  sultiec;  the 
bent  rcttulu  are  obt&invd  fiuni  «i.\tveii  in  a.  bccund.  and  tx-yuod  this  nn  inciea«u 
in  the  inten*ity  of  the  effects  m  pMsiblc.  \'t-vtrtheleii,  ttin\uli  (induction -shocks) 
within  other  finiils,  namely  .^n  inttTval  ni  from  o.oj  to  0,04  tccond,  have  been 
found  etfcclivc.  W  Stirling  has  shown  that  the  reticxes  are  probably  dtu  to 
re[>etition  af  the  imiiulses  sent  to  the  nen'ous  eeniers 

Dtfjunon  iif  hV/iritj,  I'iiuKir  li;iii  established  the  l;tw  accuribnn  to  which 
the  dtt^usion  of  reflexes  takes  place:  (1)  The  rctlirx  niovem^-nt,  takes  place  lint  on 
the  &amc  aide  as  that  on  which  the  sensory  nerve  is  stiiuulaicd.  and  only  those 
muacles  are  thrown  into  iiclion  whune  nerve»  arJRe  fivni  the  same  level  of  the  cord 
(3)  If  the  reflex  extends  to  itK  other  side,  it  always  occurs,  at  an  asso- 
cialed  movement  only  in  the  muscles  that  are  already  contracted  on  the  primary 
sid«.  (3)  If  the  intensity  uf  the  spasm  ix  different  wn  the  l\n>  ndcs.  the  im-ve- 
ments  are  stronKer  on  the  primary  wde,  (4)  On  dillu«ion  of  the  retlex  irritation 
to  adjacent  motor  nervc§  those  an."  involved  always  that  arc  situated  in  thi-  'lircc- 
tion  toward  the  medulla  oUonitata  Shemngton.  lnAvever,  has  observed  also 
dilliiHiim  of  rcdexeo  in  a  caudal  [JirvctJun.  (j)  Finally,  all  of  the  musclnt  become 
involved  in  tlie  spasm 

In  exceptional  cax%.  however,  deviationn  from  thu«;  rules  occur.  If,  for 
example,  the  region  of  the  eye  in  a  froE.  after  extirpation  of  the  ccrcbntm.  be 
stroked,  a  reflex  in  the  hind  leg  of  the  opposite  side  often  occurs.  Tit^kltng  the 
foreleg  of  decerebrated  tntunK,  lizard.-;,  turtles,  imd  deeply  narcotized  Aiga  and 
caU,  often  causes  a  movcrocitt  of  the  hind  leg  on  the  opposite  :>tdc.  These  mani- 
fentations  have  been  called  crossed  rctiexcs.  If  in  animals  a  »cctiuii  be  mad« 
throufthout  the  len([th  of  the  spinal  cor<l  in  the  median  lim-  the  reflexes  will  natur- 
ally remain  unilalend. 

Evcrv  sonsor>'  root  has,  in  its  individual  ispinal  tufpnent.  a  motor  reflex  path, 
which  ofli-rK  the  least  ruKiKtanec  to  th«  ili«'h.irp-  (nimple  rclU-x).  There  are.  iiov*. 
ttvcr.  alsn  redox  paths  inb>  adjacent  and  remotu  segments-  there  is  a  functional 
relation  between  certain  motor-cell  groups  and  certam  inuMrle-grou^s  thai  act 
avnergistically.  The  Wik  iissciriatifm-paths  in  the  spinal  conl  art  pnmarily  un- 
decuiwated.  cmsvd  conduction  appears,  however,  to  exist  between  segments  not 
widciv  separated.  The  crossed  rellcx  path  can  be  traversed  wilb  varying  ease 
at  diltcrvnt  k-vcls  in  the  cord.  The  refle.x  readily  posses  in  a  crossed  direction 
from  the  anterior  to  the  j>o*ierior  extremity;  on  the  other  hand,  from  the  pos- 
terior extremity  more  wartily  to  thot  of  the  opposite  side. 

The  rcRexcan  be  conv'e\-ed  n-ithin  various  levels  of  th«  cord.  On  appKHng 
feeble  siimtih  to  the  teg  of  a  decerebrated  frojij,  the  rellsx  traimference  takeit  pliice 
at  the  junction  of  the  cervical  curd  and  the  medulla :  on  applving  stronger  slimidi 
Iran  SIC  fence  i:iVcs  place  at  the  lower  portion  of  the  spinal  cord,  which  can  be 
aiimulalcd  rcflcxly  with  greater  dilTiculty,  If  alternating  heini.iicliLins  uf  the  curd 
lie  made,  the  reflex  iiritation  may  nrvcrthelew  he  propaKiitcd  npward,  paving 
through  b'>th  sides  of  the  cord  in  a  serpentine  manner.  The  greater  the  number 
of  sections,  the  stronger  must  be  the  irritation  of  the  sensory  nvrN'ca. 

%.  Tke  Tvidcsprcad cetirttiitated n-fiex  is  characterized  by  the  occurrence 
in  entire  and  even  different  groups  of  muscles  of  complex  movements 
having  a  purposive  character  or  rcsemblinK  voluntarv'  movements  and 
following  irritation  of  a  sensory  nerve. 

Th«  obwrvattons  are  made  either  on  cold-blooded  aoiinala  (such  as  decapitated 
ffop,  Heards.  or  eelsl  or  on  mammalii,  ih*  four  arteries  oajosing  10  the  brain  being 
ligated  (a,rt!hcial  respiration  beinj;  maiot.aii'i-rt).  so  that  inc  brain  is  rendered  incap- 
able of  functionating  Reflexes  invoh-ing  the  lower  portion  o(  the  spinal  cord  may 
be  studied  also  in  anitnaht  (or  man)  after  transverse  section  of  the  spinal  cord  in 
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Th«  u]>i)cr  dorsal  rcgiun,  but  uumc  time  must  have  clniMn-d  >[tcr  the  section  so 
that  the  ]>rinuM->-  irritutian  of  th«  Icsivn  (sv-callcd  shock),  which  at  lint  ha$  a 
irWcx-mhibumg  cRtct,  mny  subsiil*.  Yoiing  mitmm&lB  exhil>it  reflex  acti%'it>'  for 
some  limt'  rvcn  after  decapitation. 

The  courdinaled  reflexes  include: 

t.  Pri:)teclive  iiiowinriits  atwI  mtivefnents  of  (recapo  Arc  obccrvFtI  in 
bratcd  or  'Iccapitatrd  frogs  and  tunics,  a«  well  as  Ihe  removal  ot  acids  when 
applied  to  the  akin,  ivsiisiancc  to  tixaiion-i  oat  rumen  is.  etc.  All  of  iIksc  move- 
menu  are  exwuled  aiijjaTcntlv  w-ith  dclibrration  and  with  the  tm(iIoyinent  of 
the  most  serviceable  groups  of  mu&clc.  so  that  Pllugcr  was  led  to  atlhbutc  them 
IQ  a  spinal  consciou^nc^^.  Even  excised  portions  of  eel  turn  away  frooi  an  intcns«_ 
irriUint  such  as  a  fluni:-  Also  the  tail  ut  a  decapitated  triton,  lizard,  salacnaodc 
eel,  or  adder  submits  to  gcntte  stroking,  but  turns  away  from  intenM  imtalion. 

J.  GoItx'K  cro.ilciriK  experiment,  which  constgts  in  the  croaking  of  a  decere- 
brated frog  when  the  skin  of  the  back  ia  stroked 

3.  Goiu's  embracing  experiment:  The  piirtiim  of  the  trunk  of  a  young 
frog  between  the  skull  and  the  fourth  vertebra,  r-inirularly  during  tlie  brr«diT 
season,  embraces  cwry  solid  body  that  comes  in  contact  with  the  &km  of  thci ' 
and  cxertj  a  slightly  slimulntinK  elTect, 

In  the  intact  animal  the  stimulating  irritAnt  consists  in  the  dcprc  of  fnhies*'' 
of  the  male  seminal  organs.     The  rcDcx  immediately  ceaacs  after  alight  irritation 
of  the  o^tic  tbaUmiuG 

4.  In  warm-blooded  animal*  (dogs)  the  following  ore  among  the  coordinated 
reflexes  related  to  the  posterior  divided  extremity  of  the  cord:  Scratehing  of  tickled 
portions  of  the  skin  with  the  hlnd-pnw.  as  in  normal  animals:  the  movetmnits 
necessary  for  the  evaluation  of  the  bladder  and  the  rectum,  for  erection  and 
the  act  of  parturitutii.  the:  coi^nhimteil  movemimtx  of  the  feet  and  the  tail  in 
decapitated  duck«  and  pieeons.  Coi^irditialcd  rcdcxcs  simultaneously  in  widely 
separated  sesnicnts  of  the  cord  appear  as  a  rule  no  longer  to  occur  after  removal 
of  the  meduTla  oblongata  For  thifl  reaaun  it  is  believ<:d  that  tlie  medulla  may 
contain  a  complex  organ  of  higher  order  connecting  the  different  rcHex  areas  ia 
the  spinal  coro  (by  white  5bcre) . 

$.  la  man  coordinated  reflexes  occur  also  during  sleep,  as  well  as  in  cotnatOM 
states 

By  far  the  majoritv  of  the  movements  execnted  unconsciously  during  the 
waking  -ttate,  or  when  the  mental  activities  are  otherwise  intently  engaged,  must 
be  included  ntnong  th<'  coordinated  rt^flexcs.  Many  i-mnpltciited  movements  must 
hrst  be  learned  before  they  can  again  unconsciously  be  executed  harmoniOMSly 
us  cocrdinated  reflexes,  such  as  dancing,  skating,  and  riding.  Coughing,  sneezing, 
and  vconiting  are  among  the  cunnlinatcd  reflexes  emanating  from  Tht  spinal  curd 
and  the  medulla  oblongata. 

With  reference  to  the  pectiliarities  of  the  reflexes  the  following  }MHatB 
are  noteworthy: 

I  The  reflexes  can  be  elicited  more  readily  and  in  more  complete 
degree  when  the  stimulus  is  applied  to  the  specific  end-organ  of  the  cen- 
tripetal nerve,  rather  than  to  the  Inink  of  the  nerve  itself  . 

3.  For  the  pruduclion  of  a  reflex  movement  a  stronger  stimtihis  U 
required  than  for  direct  stimulation  of  the  motor  nerve.  The  reflex 
movement  induced  by  a  stimulus  of  adequate  intensity  appears  at  once 
as  a  moderately  strong  contraction,  which  does  not  increase  in  intensity 
with  increase  in  the  intensity  of  the  stimulus. 

3 .  A  reflex  movement  is  of  shorter  duration  than  the  same  movement 
executed  voluntarily.  Further,  its  occurrence  after  the  moment  of 
irritation  is  distinctly  delayed,  the  interval  until  the  appearance  of  the 
muscular  contraction  (in  the  frog)  being  twelve  limes  as  long  as  that 
required  for  conduction  through  the  sensory  and  motor  nerves.  The 
spmal  cord  thus  interposes  resistance  to  the  rapid  passage  of  the  impulse. 

The  ft/ltx  liiMt  (that  is  the  time  required  for  the  irannfcrence  of  the  impulse 
within  the  ganglion -cells  of  the  spmal  cord»is  in  the  case  of  closure  of  the  r\e!id« 
in  man  o  041  seeond.  in  the  frog  on  an  average  m  variutu  muscles  frooi  o.ooS 
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10  0015  tfcimtl  I'hii  tim«  is  incrcaccd  by  jibout  a  third  if  the  impulse  passes 
10  the  opposite  side  or  through  the  k'ngih  of  ihc  cord  (from  the  stiisor>'  root  of 
the  anterior  extremity  to  tli«  irmfjr  root  <■[  the  posterior  exirmiiiyV  Heat 
diminishes  the  reflex  time  and  incrciucK  Ihc  reflex  activity.  Lowerini;  of  the 
temperature  (winter-frogs),  likewise  the  poisons  previously  ntcntioncd  that  in* 
urease  rdlcx  aetivity.  increHSe  the  rvllex  liniv.  wliilt-  at  the  same  time  increasing 
reflex  irritability  Coovertely.  the  ntlex  time  dimimshes  witli  increaie  in  the 
intensity  at  the  ctimulns  nnd  it  mny  thiis  rvm  he  (if  miTiimiil  duration.  It  would 
appear  a8  if  the  rcfipx  retuHingfrom  the  action  of  a  strung  stimulus  tra- 
verses a  shorter  path  (spinal  cord  in  the  liiog)  than  thai  resiUiing  from  the  action 
of  a  fcehlc  stimtilwi,  in  which  eve  the  impulse  must  ascend  to  the  portion  of  the 
cord  below  the  calamus  scriptoriua,  where  the  transfer  takes  place.  There  arc, 
thus,  two  reflex  paths,  one  far  strong  stimuli,  the  other  for  iccble  stimuli,  the 
latter  Iwing  K«n«rally  the  normal. 

The  renex  time  can  be  measured  by  noting  the  time  of  irritation  of  the  sensory 
fiber  and  that  of  contraction.  From  the  result  thus  ohtMiicd  there  must  M 
deducted  the  tim*  required  for  conduction  tJirough  the  two  nerve-tracts,  &s  well 
as  the  duration  of  the  latent  siiniuliition. 

In  aeeorelance  with  their  location  Jcndrassilc  divides  the  rcflitxcs  as  follows: 

I.  Spinal  rafltxes  (tendinous,  muscular,  periosieal.  bony,  articular,  genltal- 
musele  reflexes.  The  pathological  itpinal  ivflex  occurs  only  m  caitc  of  total  or  almost 
total  transverse  section  of  the  spinnl  cord  and  is  manifested  »&  llcxor,  less  com- 
monly as  extensor,  movement  01  the  lower  extremities. 

II.  Cfrtbral  C'!Tticiil  rf/I(-x«),clietiable  especially  hy  tickling  the  skin;  scapular, 
abdominal,  cremastcnc,  scrotal,  gluteal,  plantar,  auricular, palpebral,  palatal,  con- 
junctival, ontil  rcl^cxcs. 

III.  CoHifiex  reflexfr.  for  which  a  spinal  and  a  cerebral  rellcx  center  are 
necessary:  sneezing,  vomiting,  swallowing,  cougtiin^.  evaeuation  of  bladder  and 
rectum,  ejaculation,  all  of  which  belong  to  the  vegetative  (unctions. 


UnflBITIOH  OF  REFLEXES. 

There  exist  in  the  body  mechanisms,  by  means  of  which  the  pro- 
dtiction  of  reflexes  can  be  suppressed,  and  which  accordingly  have  been 
designated  reflex -inhibiting  meclianisms 

I .  Through  the  action  of  the  will  reflexes  both  in  the  cerebral  and  in 
the  spinal  distribution  can  be  voluntarily  inhibited :  for  example,  keeping 
the  eyes  open  when  the  bulb  is  touched ;  suppression  of  movement  on  tick- 
ling the  skin.  It  should,  however,  be  observed  in  tliis  connection  that  Ihc 
inhibition  of  the  reflexes  is  possible  only  to  a  certain  point.  If  thestimu- 
Itis  be  strong  and  frequently  repeated  the  reflex  action  finally  jircdonii- 
nalcs  over  the  volitional  inhibiton'  impulses,  Moreover,  such  relies 
movements  as  cannot  under  any  circumstances  be  executed  voluntarily, 
cannot  be  inhibited-  Thus,  erection,  ejaculation,  the  act  of  parturition, 
and  the  movement-i  of  the  iris  can  neither  be  executed  voluntarily, 
nor  if  excited  rcflcxly  can  they  be  inhibited  by  the  will. 

7.  SctschenoK's  inhibUory  center  is  the  designation  given  to  .-mother 
cerebral  apparatus,  located  in  the  frog  on  both  sides  in  the  optic  thalamus 
and  the  qitadrigeminate  bodies.  Separation  of  these  parts  by  section 
increases  reflex  irritability,  while  irritation  of  the  lower  cut  surface  (by 
sodium  chlorid  or  blood)  suppresses  reflex  movements.  This  result  can 
be  observed  also  on  one  side.  It  is  believed  that  analogous  organs  exist 
tn  the  higher  vertebrates  in  the  quadrigeminatc  bodies  and  in  the  medulla 
oblongata.  From  what  has  been  said,  it  is  clear  that  reflexes  occur  more 
regularly  and  are  more  rendily  elicited  after  exclusion  of  the  brain. 

5.  Strong^  irritation  of  a  sensory  nen/e  suppresses  reflex  movetnent. 
The  reflex  does  not  appear  even  when  the  centripetal  nerve  involved  is 
strongly  irritated;  for  example,  inhibition  of  sneezing  by  friction  of  the 
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nose;  inhibition  of  the  movements  tisually  elicited  by  tickling,  by  biting 
the  tongue.  EBi>eciany  strong  irritation  may  even  suppress  the  reflexes 
coordinated  for  voluntan*  movement.  Intense  pain  in  the  abdominal 
organs  (intestine,  xilenis.  kidneys,  liver,  bladder)  renders  impossible  the 
act  of  walking  or  of  standing.  In  the  same  category  belongs  the  faUing 
down  which  follows  injur\'  to  viscera  richly  sujjpIieJ  with  ner\'e3,  and 
which,  either  by  involvement  of  motor  nerves  or  by  loss  of  blood,  would, 
of  itself  be  insufficient  to  account  for  the  inability  to  maintain  thC'^ 
erect  posture.  Stimulation  of  the  ceniral  organs  through  other  centri- 
petal patlis  (such  as  the  organs  of  special  sense,  the  sexual  nerves,  etc.) 
diminishes  the  reflexes  in  other  jjaths. 

4,  During  the  discharge  of  an  energetic  reflex,  such  as  ejaculation, 
the  production  of  less  active  reflexes,  such  as  coughing,  is  suspended. 

5,  Attention  should  also  be  called  to  the  fact  that  inhibition  of  re- 
flexes, whether  through  the  will,  or  through  the  irritation  of  sensior>' 
ner\'es,  therefore  by  reflex  action,  is  often  attended  with  the  excitation 
of  antagonistic  movements.  In  some  cases,  further,  it  appears  to  lie 
sufficient  to  inhibit  n  refiex  to  concentrate  the  attention  on  the  execu- 
tion of  such  a  complicated  reflex  movement  in  order  to  prevent  it- 
Some  persons,  for  example,  are  unable  to  sneeie  if  they  think  intently 
of  the  motor  processes  conceniecJ;  as  the  will,  in  a  measure  prematurely, 
begins  to  control  the  rellex  center  by  the  thought,  the  normal  course 
of  the  reflex  excitation  for  the  stimulus  from  the  periphery  u  interfered 
with. 

6,  Certain  poisons,  such  as  chloroform,  picrotoxin.  morphin.  quinin, 
potassium  bromid,  and  others,  diminish  reflex  irritability,  probably 
after  a  transitory  increase.  A  constant  current  passed  longitudinally 
through  the  spinal  cord  enfeebles  the  reflexes,  particularly  a  descending 
current  If  a  frog  be  paralyzed  by  asphyxia  in  air  free  from  oxygen, 
the  brain  and  the  spinal  cord  are  wholly  unirritable  and  are.  therefore, 
incapable  of  refle-x  excitation.  The  motor  ner\'es  and  the  muscles, 
however,  sutler  little  impairment  of  irritability,  even  after  the  lapse  ot 
several  days. 

According  to  the  molhod  of  Torek  the  degree  of  rcl1«t  irritability  in  decapi- 
tated frngs  is  tested  l~>y  cstimatrn):  the  time  thiii  clnpacs  between  imnteraion  ot 
the  fuot  ill  dilute  nulphuric  oc^il  »nd  n-ithdruwnlof  tliupart.  After «p])lioBtioa  of 
blood  to  the  cptic  lot>c»  or  uftcr  irritation  of  a  scnsorj'  ocrvc,  the  time  is  iB- 
creased. 

Setsehenow  differentiates  the  reflexes  into  tactile,  or  those  that  »re  elicited 
by  irritation  of  tiietile  nerves,  and  palhie.  or  those  rvmlting  frutn  irritation  0^ 
tensoiy  (ptun-trangtnittinel  lilM-rs.     He  bdievrs.  wnlh  Paschmin.  thai  the  uettMr 
reflexes  are  inhibited  by  tlie  will,  and  the  pathic  by  the  center  descnbeil  hy  turn.' 

Theory  of  Reflexex. — The  foliowing  theory  lias  been  froiiosed  to  explain  The! 
pheniJini-nn  ol.iscrvi-d  in  con  nee  I  ion  with  rt'llex  irmvenu-nls      ft  is  belie^td  lh*t 
the   ceniripctal   liber,  in    the   ttansmissjoii   of   the  impulse   conwyed   thrmi^  1 
it.  cncouQiers  contiiderable  re&istaucc  »itbi»  tlic  gray  matter,  with  the  KimKli-jn- 
Cells  of  which  it  is  contact  on  iJ]  eidcs  through  the  fibrous  network  of  thr  gray. I 
matter.     The  ica«t  reiiiftt«nci^  is  in  ihe  directimi  <■(  th<ii«e  tnoior  ncr^-es  that  mak*f 
their  exit  at  thr  same  spinal  level  <>n  the  wrnic  ride       In  this  way  the  weakest  J 
irritation  ^ives  rise  to  the  simple  ri'llex.  which  in  general  can  be  reeognited  lu  ft| 
aimple  protective  nr  deteiiaive  movement  with  re«iiect  to  the  seat  o(    sensory 
Btimutation.      In  the  dircrtioii  nl  iithrr  motor  xaiititiun-ivIlK  the  c«i«ductioi>  of 
the  imputsc  encounters  still  greater  resistance.      In  order  for  the  reflex  to  be  trans- 
milled  al»(i  alonj^  these  |>ntl)s,  either  ihe  jtinmlus  mu?«  he  con*iderably  incrcivd 
(fur  with  incrciuwna  strength  and  duration  of  the  stitnulatioii  the  reflux  movement 
may  iacrcuc  in  extent),  or  the  resistance  in  the  course  of  the  conduction  betw-eea 
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the  ccIU  of  the  ifray  matt*r  must  be  dimitiiBhed.  The  latter  may  bo  brou^t 
;ib(iut  hy  tht;  wcLjuii  of  tlic  poiKone  mrntinnr'I,  »«  well  as  tinder  ihe  tnlltMnicv  of 
general  mcivasc  in  nervous  irritalMlity.  such  as  is  obscrveii  in  cams  of  hystrrja 
and  neurasihcnia.  Thus,  extensive  reflex  conv-ulsions  may  occtir  as  a  result  of 
tncTt&se  in  llii:  intmxity  of  the  stimuliiN  rir  of  a  dimimitton  in  the  conduction- 
rcsistnncc  in  the  ^inal  cord.  Of  lht>s«'  measures  thni  h.i^f  lici-n  »hnwn  by  experi- 
ence to  diminish  or  prevent  reflex  manifi-staticms  the  conclusion  is  JustLtiffd  that 
thcv  interpose  iDcroi^tcd  rtrsislaucc  in  lh«  twnductiiii;  |>ath»  (if  tlic  reflex  arc,  The 
ncti'on  of  influence  inhibitinE  reflexes  musfl  be  intcrpn;ti-d  in  a  similar  manner. 
As.  ohviouslv,  the  libers  of  the  reftex  arc  must  hf  connected  with  the  rcScx-in* 
htbicing  conducting  tracts,  it  is  believed  that,  through  the  rvtWx-inhibiling  stimtt- 
lattoQ,  rt-aistance  is  at  the  »uite  time  inttrposed  in  the  reflex  arc  Difliculty  is 
rncountrred  in  explaining  thr  wirkiqiread,  co>jrdinat(:d  retlextm  aciriinlmK  to  the 
view  discussed  It  has  b^n  assumed  that  from  long  use  and  alsci  tlituxiKh  heredity 
(h<isc  groups  of  ganglion-cells  that  (Irsi  receive  the  impulses  arc  plawrd  in  cora- 
municatiim,  under condicion.t  moKt  favomblc  to  conduction,  with  oLncm  that  trans- 
mit the  imptdic  to  those  groups  of  muscles  whose  activity  best  rcmovo  the  bcdy 
or  ihc  rcsfjcctivo  member  from  poa&ibk-  injurious  effects  of  the  stimulus  by  a 
eonrdinatcd,  purposive  movement.  Thus.  »  stimulus  alvruvs  excites  a  fi«*up  of 
gnnf;]inn-cclU  coordinated  by  practiee  and  responding  to  the  stimulus  ax  an  nar- 
moTiidUB,  c"i>rdinstcd  motor  mi-charism, 

Pathological. — Abnormalities  in  the  reflex  activity  afford  the  physician  a 
lavKu  ami  important  Kuld  in  the  invcstifiaiion  of  diseases  of  the  neri'ous  system. 
EnfeehiriTicni  tir  even  iiiinlitiiin  of  rcfk-x  activitv  may  occur  (i)  as  a  mult  of 
impairmritt  or  loss  of  irritability  in  the  centripetal  tibcfs:  (i)  as  a  result  of  analo* 
guu^  diftoiUcrs  in  the  central  organs;  (j)  or.  finally,  in  the  centrifugal  libers.  The 
reflexes  arc  enfeebled  or  abolished  when  the  entire  nervous  ^ynlem  is  greatly 
depressed,  as  after  concussion,  compression,  inflammation  of  the  central  organs, 
dunng  asphyxia  and  deep  coma,  and  in  consequence  of  various  intoxicntionp. 
After  division  of  the  upper  portion  of  the  spinal  cord  in  mar ,  and  in  apes,  abolition 
of  the  reflaxes  is  often  obstrrved  in  the  parts  below  tlie  level  of  division.  It 
appears  that  tho  upper  portions  of  the  cord  contain  the  nigion  wher<!  normally 
the  reflexes  are  reaaiiy  transferred,  and  after  divi.iion  of  whieh  the  reflexes  are  in 
alwyance.  Dogs  and  cats,  like  the  frog,  exhibit  aciivr  reflexes  after  divisuin  of 
the  spinal  cord. 

tndcr  ahtiormal  conditions  special  atleniion  has  been  given  to  the  behavior 
of  certain  reflexe»,  for  e.^ainjile  tli-c  itO'Ciilled  tendon -ntlexes,  which  cunnist.  in 
reflex  contraction  of  a  muscle  when  a,  blow  is  stnick  on  its  tendon,  for  example 
the  fiundriceps  extensor  of  the  thigh,  the  tendo  Achillie.  etc.  Thus.  Wcstplial, 
Erb,  and  others  have  found  that  the  ten  don  re  flexes,  particularly  the  patellar- 
lendon  reflex,  also  known  as  knee- phenomenon  or  knee-jerk,  is  alrnost  conxtaoUy 
wantin((  in  easei^of  alaxio  lalirt;  doruilis, but  iv  ubniinnally  increa'M^d  and  extensive 
in  cases  of  si'Wtic  spin.il  paralysis  which  is  characteriied  by  a  lesion  of  tho  pyra- 
midal tracts.  Division  of  the  musclc-ncrvcs  abolishes  the  patellar  phenomcnoil 
in  rabbits,  as  does  also  division  of  the  hiiinal  conl  between  the  lifth  and  aixih 
lumbal  vertebrae,  !n  Lamlois  the  coiiirnciion  of  the  'nindriccpn  occurred  0.040 
second  after  the  blow  upon  the  patellar  ligament;  according  to  Jcndrcisaik  0-OJ9 
second  sftcr  the  Wow.  A  stroiijcer  blow  liaa  no  effect  upon  the  rvflcJi  tiia«.  Ac- 
eordtng  to  Westphal  these  phenomena  are  not  simple  reflex  processes,  but  com- 
plicated  phenomena  related  to  muiele-tone,  so  that,  for  example,  diminution  in 
the  tone  of  the  iiaBdricL-|)s  femoris  mav  atiolish  the  phcn<imeiion  The  intact 
existence  o(  the  external  iegmenis  of  iW  posterior  columns  of  the  spinal  cori 
is  iieri-syary  for  Ihc  preservation  of  the  phenomenon.  It  i*  enfeebled  by  physical 
or  mental  fatigue  and  itKreased  by  IransiltTj'  slimiiU  that  involve  the  attention, 
Jendnissik  found  it  especially  marked  when  muscles  of  the  bodv  were  contracted 
voluntarily,  tor  example  the  tauacles  of  the  arm.  It  is  enfeebled  by  titroiig  and 
prolonged  contraction  and  extreme  tension. 

Another  retlex  of  diagnostic  importance  is  the  abdominal  reflex,  which  ennsista 
in  contraction  of  the  abdominal  muscles  on  stroking  the  skin  of  the  abdomen  with 
the  handle  of  a  percussion -hammer.  Thus  absence  of  this  reflex  on  both  sides  ts 
indicative  of  dinuse  disease  of  the  bnun  ii\  thi-  presence  o(  u  etrvbral  ili.-jordcr. 
.Alwenc*  on  one  side  is  indicative  of  a  [cx-al  disonler  in  the  '>pposite  half  of  the  cere- 
brum. The  hypochondriac,  anal,  cremasteric,  conjunctixal.  mamniillar^'.  pupil- 
lary', nasal  reflexes  and  nilKrs  may  also  be  made  obiccts  of  tnvcsLigatioii.  C«rcbral 
lesions  attended  with  hemiplegia  nlwa>^B  exhibit  oiminulion  of  the  reflexes  upon 
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the  paralyzed  side,  although  Dot  rarely  tbe  patellar  reflex  it  increa»d.  In  casu 
nf  cxtc-nuvc  ccrtrbTO]  di»:a»e.  ttie  reflexes  are  waniinjc  on  both  sid(9  if  coma  is 
present  at  the  snmr  time.  natuTslty  also  those  of  thir  anus  and  the  bladder. 

In  gcing  to  sleep  there  is  transitory  increase  of  the  reflexes  In  early  sleep 
the  reflexes  are  enfeebled,  the  pupils  small.  During  mnind  strep  the  ahdominal. 
cremasteric,  and  patellar  rcScxtrs  u.rc  wantinj;^  tickling  of  the  soles  of  the  feet 
and  of  the  nnac  is  cfloctivc  only  when  of  a  t-crtain  degree  of  intensity.  During 
narcosis,  aa.  for  example,  that  ioducetl  by  chloroform  or  morphin,  the  abdominaJ 
reHcx  (liuippears  first,  then  the  conjunctival  and  the  patellur  reHcx,  an<)  finally 
the  pui>ils  iieconie  contracted. 

Abnormal  increase  in  rrflex  activity  is  generally  indicative  of  an  increase  in 
the  irritabilitv  of  the  reflex  c«itcr-  Abnormal  irritabiltiy  of  the  centripetal 
ncrvex  inny  also  be  tJie  cause,  while  injury  is  a  rau»c  of  inhibition.  As  the  har- 
monious execution  of  volunlarj'  movvinml*  is  largely  controlled  and  rcpjlatcd  by 
reflex  activities,  it  will  be  readily  understood  that  various  derangements  in  tlioac 
movements  are  observed  in  IIk-  pri-Kencc  of  disease  of  the  spinal  curd,  u  for  cx- 
ampk  the  ehara>cteristic  disorder  of  gait  and  of  the  movement*  of  the  hands  in 
caaos  of  tabes  dorsalts. 


CENTERS  IH  THE  SPINAL  CORD. 

The  spinal  cord  contains,  in  various  situations,  centers  that  OD  : 
stimulation  permit  the  evolution  of  certain  coordinated  motor  mechs 
isms.  These  centers  are  capable  of  prcserx-ing  their  activity  even  when 
the  spinal  cord  is  separated  from  the  medulla  oblongata.  Further,  the 
centers  situated  in  the  lower  portion  of  the  cord  may  remain  active  after 
division  o£  the  upper  portion,  but  in  the  normal  body  these  spinal  centers 
are  subordinate  in  their  activity  to  other  hinhcr  reflex  centers  in  tlie 
medulla  oblongata.  The  centers  may,  therefore,  be  designated  also 
subordinate  spinal  centers.  Further,  the  cerebrum  may,  partly  through 
the  formation  of  conceptions,  partly  as  the  organ  of  the  will,  exen  an 
influence  upon  certain  of  the  subordinate  spinal  centers  by  excitation  or 
inhibition  of  the  reflexes.  The  following  particulars  arc  deserving  o£ 
mention : 

The  center  jor  dilataticn  of  the  pupil  is  situated  in  the  lower  cervical 
portion,  extending  downward  to  the  level  of  the  first,  second,  and  third 
thoracic  vertebr.-K— Budge '.s  ciliospinal  center.  It  is  stimulated  by 
darkness.  In  man  both  pupils  react  simultaneously  if  the  retina  on  oi 
side  is  darkened.  Extiri>ation  of  this  portion  of  the  spinal  cord  on  on* 
side  is  followed  by  contraction  of  the  pupil  on  the  same  side.  The  motorl 
fibers,  which  have  their  trophic  center  in  the  same  situation,  pass  through 
the  anterior  roots  of  the  upper  three  thoracic  nerves,  in  the  cat,  into  the 
cervical  sympathetic. 

In  goats  and  cats  this  center,  separated  from  the  medulla  oblongataj  may 
be  stimulated  directly  by  a  state  of  Inc  blood  causing  dyspnea,  and  lilfe«ite  by 
reflfrx  stimulation  of  sensory  nerves,  for  example  the  median,  espcciAlly  if  the 
imtability  of  the  spinal  eord  lias  been  increased  by  srrychnin  or  atropui  After 
total  division  of  the  upper  jiorlion  of  the  cervical  cortl.  fiHlnkv]ii«nt  sectiofl  of  ifc 
sympathetic  is  followed  by  contraction  of  the  pupils.  The  superior  dilator  ccnu 
situated  in  the  medulla  oblongata  is  described  on  p.  749. 

The  center  for  dcjecaiion — Budge  s  anospinal  center.  The  centripetal 
ner\'es  are  contained  in  the  hemorrhoidal  and  inferior  mesenteric  plex- 
uses. The  c-enier  is  situated  at  the  level  of  the  fifth  {in  the  dog)  or  sixth 
and  seventh  (in  the  rabbit)  lumbar  vertebrae.  The  centriftigal  fibers 
are  derived  from  the  pudendal  plexus  and  pass  to  the  sphincter  muscle. 
The  excitation  of  this  center  and  its  domination  by  tlie  cerebrum  arc  dis- 
cussed on  p.  285. 
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jKftcf  divUion  of  the  eptnnl  c«Td  Golts  objcrvH  thnt  iho  anal  sphircter  con- 
tracted rhythmically  about  a  lincer  introduced  into  the  rectum  The  coordinated 
activity  oi  the  cemer  lu.  tht-rvlore.  pi>*sible  only  through  connection  *'ilh  the 
c«r«bnim,  Aftrr  extirpation  of  thr  liimliar  cord,  th»  anjil  i<i'hin(;t.pr  at  limt  loses 
iu  tone,  although  this  is  partially  restored  later.  The  muscle  docs  not  dcgcnerat*; 
perhapii  its  trophic  center  is  tit uated  in  the  mesenteric  ganglion. 

The  center  for  tnieturition .  Budge's  vesicospinal  center.for  thcsphinc- 
ter  muscle  is  situated  at  the  level  of  the  fifth  (dog)  or  the  seventh  (rabbit) 
lumbar  vertebra,  (or  the  muBctilar  wall  of  the  bladcJor  at  a  somewhat 
higher  level.  It  ftinctionates  in  a  coordinated  ntanner  only  when  con- 
nected  with  the  ccrclirum  (sec  p.  532). 

The  ^t^nler  jor  erection  is  Bitualed  in  the  himbar  portion  of  the  cord. 
The  centripetal  fibers  are  the  sensory  nen-es  of  the  penis.  The  centrif- 
ugal fibers  are.  for  the  deep  arterj-  of  the  penis,  the  vasodilator  nerves 
from  the  first,  second  and  third  sacral  nerves  (Eckhard's  erector  nerves), 
for  the  ischiocavcmosus  and  the  deep  transverse  perineal  muscle  the 
motor  fibers  from  the  third  and  fourth  sacra!  nerves.  The  latter  may 
be  stimulated  also  voLuntarily.  the  former  also  in  part  from  the  cerebrum 
by  directing  attention  to  sexual  activity.  Eckhard  observed  ert;ction 
also  after  stimukttan  of  higher  ponions  of  the  sjiinal  cord  (Landois 
likewise  in  man),  as  well  as  of  the  pons  and  the  cerebral  peduncles. 

In  iiccorduncc  with  clinical  olwcrvaiicms  the  ccntcra  (or  the  l>Ud(lcr  nnd  the 
rectum  anti  for  erection  arc  situated  at  the  point  of  exit  of  the  Ursi,  second,  third 
and  fourth  sacral  n&rvea. 

The  center  for  cjaculaticn.  The  sensory  (dorsal  nerve  of  the  penis) 
are  the  exciting  nerves.  The  center  (Budge's  genitospinal  center)  is 
situated  at  the  level  of  the  fourth  lumbar  vertebra,  in  raJibits.  The 
motor  tiljers  of  the  vasa  deferentia  are  derived  from  the  fourth  and  fifth 
lumbar  nerves,  which  enter  the  sympathetic  and  finally  ]>ass  thence  to 
the  vasa  deferentia.  The  motor  fibers  for  the  bulbocavernous  muscle, 
the  ejaculator  of  the  seminal  tluid  from  the  bulb  of  the  urethra,  are 
contained  in  the  third  and  fourth  sacral  iler\'es  (perineal  nerves),  Ejac- 
ulation may  be  induced  by  mechanical  stimulation  of  the  lumbar  cord, 
in  guinea-pigs. 

The  ceitler  jor  the  act  0}  fiarluritian  is  situated  at  the  level  of  the  first 
and  second  lumbar  vertebrae.  The  centripetal  fibers  are  derived  from 
the  uterine  plexus,  into  which  also  the  motor  fibers  from  the  spinal  cord 
again  enter.  Goltz  and  Frcusbcrg  obser^'ed  impregnation  and  delivery 
in  a  bitch  with  the  spinal  cord  divided  at  the  level  of  the  first  lumbar 
vertebra.  Similar  results  have  been  observed  in  women  with  the  s])in.il 
cord  divided.  Xormal  birth  occurred  with  subsequent  involution  of  the 
uterus  and  secretion  oE  milk. 

Centers  jor  file  vascular  nerves,  "both  vasomotor  and  vasodilator,  are 
distributed  throughout  the  entire  spinal  axis,  Among  the-se  is  to  be 
included  also  the  center  for  the  spleen,  which  is  situated  between  the 
first  and  fourth  cervical  vertebr*.  in  the  dog.  They  can  be  excited 
rcfiexl\'.  although  they  arc  subordinated  to  the  dominating  centers  in 
the  medulla  oblongata.  They  may  l:>e  influenced  also  by  psychic  stimu- 
lation, from  the  cerebrum. 

Centers  jor  ike  secretiott  of  stLvat  have  perhaps  a  distribution  analogous 
to  that  of  the  centers  for  the  vascular  nerves. 

Thp  movements  exoilcd  from  the  emters  named  are.  in  accordance  with  what 
has  been  iinted.  To  be  designated  coordtnaied  reflexes  and  fundamentally  to  be 
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included  with  Uic  coOnlinatnl  reflexes  of  the  musculaturt  nf  the  trunk  and  tlic 
cxtrcmitK-s 

Musculai  Tone.— Automatic  funciions  »1>o  were  formerh'  crcditrd  to  the  spinal 
cfinl.mK-  (if  nliith  was  a  CM-tain  intidcratc  Acyirc  nf  active  tmsiftn  ol  thcmuscIcK 
that  is  cJcsiKnatcil  lone,  li  was  thoughi  ihat  ihc  tone  of  the  transversely  striatcvl 
fibers  was  dcmonfctratcd  by  the  reiroctifJii  t'f  the  cxircmitii.*  t<i  a  diviik-'l  muocle, 
but  this  te.  d^ie  sinij-ily  to  the  circunisUiiici:  tliut  all  of  the  musclci  are  somewhat 
Klrttched  beyond  their  normtil  length,  ant!  lar  this  reaiion  alto  parnU'^ed  niiiscies. 
which  tniist  >iave  I'-st  Their  nerviiuB  tone,  exhibit  exartly  the  same  phenomenon. 
Also  llicincreast'd  cortraeticMt  of  certain  inuseles  after  paralyxts  of  their  antagonists, 
am!  the  distortion  of  the  face  ttmari!  the  healthy  Kule  after'iinilateral  facial  jiaraly- 
t.i'i,  hstve  lieen  cited  ax  exanijilex  of  t.<nie-  TIie*e.  however,  are  due  to  the  fact  that 
after  ncliviiy  of  the  intact  muscle  strength  is  wanting  to  restore  the  parts  aflected 
lo  the  normal  median  position  of  rest.  The  following  exiierimem  of  Auertutch 
»n(l  Hcidenhoin  in  ojijtiMed  lo  the  U!u>iini|il.i<m  i)f  a  tirnic  contrnclion.  If  itic 
muscles  of  a  decapitated  frog's  leg  be  made  tense,  ihcy  do  not  elongate  after 
divisicrti  of  the  sciatic  nerve,  or  after  paralybis  of  |ihis  nerve  by  apphcation  of 
.immonia  or  carbolic  acid.  If.  however,  a  dccapiioted  frog  is  suspended  in  an 
nhnormal  poritton,  it  will  be  obKep\'ed  that  ii!  the  iciatie  nerve  on  one  sirte  or  the 
poBtrrior  nuil*  of  ihe  ncrx-cK  of  this  exlfrmity  have  beer  divided,  then  the  mtrmbcr 
upon  this  side  hangs  in  a  relaxed  manner,  while  the  mt*niber  upon  the  intact 
Hide  is  (lightly  retracted  The  scn.'iory  nerves  of  the  latter  are  by  the  weight  of 
the  memlHT  thrown  i«Tm;intTitly  into  a  state  of  Kt-ntle  ttimulation.  so  that  by 
this  means  a  slight  reflex  n-traclion  upward  of  the  member  is  brought  ahcut. 
which  fails  to  occur  as  soon  as  the  sensory  ncrvc-lilxrrsof  the  member  arc  jiaralyaed. 
If  the  slixht  retraction  mentioned  is  to  be  consjdervd  as  tone,  then  it  is  lo  be 
cbaractenzed  as  rtflex  tone.  With  this  experiment  that  of  Uarless,  C.  Ludwig 
and  Cyon  should  he  compnreil  (p.  -i*^.). 

IRRITABILITY  OF  THE  SPINAL  CORD. 

At  th«  present  tiine  there  ir  no  unanimity  of  opinion  as  to  whether 
the  spinal  cord,  like  a  peripheral  nerve,  is  irritable,  or  whether  it  is  char- 
acterized by  the  remarkable  peculiarity  that  most  of  its  conducting 
paths  and  ganglia  are  without  reaction  to  direct  electrical  and  mecham- 
cal  stimuli. 

An  outline  of  the  %'iews  of  the  opposing  investigators  is  as  follows;  If  stimuli 
are  careftilly  applied  to  the  expoBcd  white  or  gray  maiter,  neither  movement  nor 
sensory  iierecption  results.  In  making  this  observation,  however,  the  greatest 
care  must  l>c  taken  to  avtjid  irritalioii  of  the  root*  of  the  spinal  nerves,  as  the>e 
natuK^y  react  to  stimuli  and  thus  excite  sersations,  .is  well  us  reflex  movements, 
on  the  one  hand,  and  also  dir<-ctly  excited  movements  on  the  other  hand  As 
the  «pina!  cord  thus  conveys  to  the  brain  the  impuUes  brought  to  it  through 
the  stimulated  posterior  nwis,  but  is  incapable  of  reacting  ei-en  to  sttmuli  excitlDg 
sensor\'  impressions  Schill  ha»  designated  it  as  estlicwMlie ,  that  is  transmit  line 
perceptions  Moreover,  as  the  cord  is  capable,  in  like  manner,  of  conducting  both 
voluiilary  and  nflex  motor  impulses,  without,  however,  being  itself  reecpti\'e  for 
motor  impulses  applied  directly,  it  is  kineaodic.  that  is  iiiuveinent-oonductmg. 

According  to  SchifT.  therefore,  all  of  the  result*  that  follow  stimulation  of 
the  unuijurea  spinal  cord,  such  as  spasm  and  contracture,  are  caused  by  simul- 
taneous stimulation  of  anterior  roote,  or  they  are  reflexes  from  the  posterior 
columns  alone  or  from  the  posterior  columns  and  the  postenor  roots  at  Uie  same 
time  Diseases  involving  (aily  the  antcriiw  and  lateral  eolunms  never  cause 
irritative,  but  only  paralytic  syTiipioms  In  the  state  of  complete  anesthesia  and 
in  that  of  apnea,  all  stimulation  is  without  effect.  .XccordinK  to  SchilT's  view  all 
of  the  centers,  both  spinal  and  cerebral,  eaimot  be  stimulated  by  arti>i4,'ial  means. 
The  situation  of  a  center  can  fur  this  reason  be  determined  only  by  the  paralytic 
method. 

Schiff  concludes,  therefore,  that  in  the  posterior  columns  the  sensory 
root-fibers  produce  pain  en  stinmlaiion,  but  not  the  actual  paths  for  the 
posterior  columns  themselves.  Schiff,  however,  observed  as  a  sign  that 
stimulation  of  the  Actual  paths  caused  tactile  scmsations,  dilatation  of 
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the  pupils  with  each  stimulation.  Removal  of  the  posterior  columns 
causes  anesthesia,  loss  of  touch.  Algesia,  pain -sensation,  is  preserved, 
and  at  first  there  i&  even  hyperalgesia. 

The  anterior  raluinns  cannot  l>e  stimulated  so  as  to  affect  either 
transversely  striated  or  unstriated  muscles,  if  only  the  actual  tracts  are 
stimulated,  Movements  may  occur,  however,  either  if  ihc  motor  rool- 
fibers  are  stimulated  or  if  the  current  reaches  the  posterior  columns,  in 
whieh  it  stimulates  the  sensory  root-fibers  and  thus  causes  reficx  move- 
ments. 

N'ympfrtiis  iflvestigMors  arc  nppofiprf  lo  these  vi>wg  and  express  themat-hcs 
m  favor  o(  the  poBBibiliiy  of  direct  stimulaiion  of  the  spinal  cord.  Kick  maintains 
that  he  IS  ablt!  to  induce  movvmentK  of  the  hind  legs,  by  irniaiin]{  ilimalv  thv 
anterior  columns  iwiliiicd  for  a  considcrabtft  diittuice  in  (mipr  to  climinale  diffusion 
of  the  currcnl.  fiicdcrmann  reaches  the  conclusion  that  the  motor  nerve  is  must 
irritable  on  its  transverse  secliou.  Atso  on  tranhverse  stction  of  the  s|jinal  curd, 
in  thr  fniK,  frcMe  stimuli,  such  aa  descending  oiMtiiinK  »Jiocl<.'<,  are  effective,  but 
not  further  downtrard.  This  obicr\-ation  i»  in  mvor  uf  annlo^uiui  wnsihility  to 
sttimdi  on  the  part  of  both.  Aeccrxling  to  Schifi'*  i«vtsltt;iilj<.>«»  in  this  cun- 
aection,  however,  the  anterior  column  of  the  spinal  cord  of  the  £ri>j;  ccntaint, 
in  addition  to  the  |[>nf;itudinal  fibers  controlling  movement,  also  wnsorj-  fibers, 
stimulation  <if  which  miiy  ciiusc  reilcxrji  Thercf<>n'.  »11  of  the  observations  m&tUf 
OD  the  anterior  c'.itumns  of  the  frogs  are  not  available  as  evidence  in  favor  of  the 
direrl  irritability  of  the  motor  paths  in  the  anlcnor  columns.  The  M-n«iry  librrs  in 
i]u»tian  arc  believed  to  rise  fnim  the  i;™yin;itterand  topas''  within  the  miinalcord 
lo  the  anterior  columns,  without  first  making  their  exit  through  the  posterior 
roots — intracentral  nerves. 

The  vasoconstrictors  passing  downward  from  the  vasomotor  center 
through  the  spinal  cord  can  be  irritated  within  the  cord  by  all  stimuli. 
Direct  stimula.tion  of  any  transverse  section  of  the  spinal  cord  causes 
contraction  of  all  of  the  vessels  innervated  below  that  level.  In  a  similar 
manner  the  fibers  ascending  in  the  spinal  cord  and  exerting  a  pressor 
effect  upon  the  vasomotor  center  can  be  irritated.  Their  stimulation 
causes  no  sensation.  According  to  Schiff,  the  results  obtained  in  these 
observations  are.  however,  likewise  not  due  to  direct  irritation 

The  spinal  cord  appears  to  be  insensitive  to  chemical  stimuli,  such 
as  moistening  the  cut  surfaces  with  blood. 

The  motor  centers  can  be  irritated  directly  by  blood  at  a  temperature 
above  40"  C.  and  by  blood  from  an  asphy.xiated  person  or  by  sudden  and 
,  .;(otal  anemia  in  consequence  of  ligation  of  the  aorta ;  liltcwisc  by  certain 
~^^sons,  such  as  picrotoxin,  nicotin.  harium-compound&. 

In  experiments  of  this  character  tht  spina]  cord,  for  example  at  the  level  of 
the  last  thoracic  vertebra,  must  have  been  divided  some  twenty  hours  previously, 
111  order  that  it  shall  have  reeovercd  from  shock,  The  posttrior  rootit  in  the 
lower  portion  should  also  have  been  divided  previously,  in  order  to  eliminate 
any  jjO!i*tble  reflex  iniltieiices  If  dyspnea  he  inducrt-d  in  earn  thu*  prepan-d.  or 
if  their  bljuid  be  overheated,  cxtengor  spasm,  vascular  contraction,  secretion  o( 
sweat,  evacuation  of  the  bladder  and  the  rectum,  as  well  as  contraction  of  the 
aicru&  or  the  vasa  dtfcremia.  occur  in  the  dLitribution  of  the  nerves  from  the 
lower  portion  of  the  cord.  The  »d ministration  of  c«.Tti»in  poisons,  such  as  picro- 
toxin, has  a  Htnilor  vUvci.  In  animoU  with  the  medulla  oblongata  diWdcd. 
rhythmic  respirator)'  movctiients  can  even  be  induced  in  this  way,  if  the  spinal 
cord  has  been  prcvienisly  rendered  bishly  irritable  by  the  administration  of  str>'cli- 
nin  or  the  action  of  heat. 

Also  mechanical  stimuli  are  capable  of  irritating  the  ganglion-cells 
of  the  anterior  horns,  and.  according  to  Biedermann.  the  gray  matter 
responds  to  electrical  stimulation. 
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The  remarkabls  fact  is  worthv-  of  mmtion  tfant  after  unilateral  division  of 
the  spinal  cord.  or.  in  the  rabbit,  of  the  posterior  and  the  innermost  portion  of  ibe 
Utnral  column,  hyperesthesia  below  the  level  o(  the  iectiun  anpean  upon  the 
same  side,  sn  that  rnbbit«  cr>'  iiloiid  on  jli^hL  jinMinic  being  miitlv  upon  the  toe«. 
The  phenomenon  mav  persist  for  some  three  weeks,  atid  it  may  be  replaced  by 
normal  oi  Hubaonnaf  H.iifiibility.  The  health)'  iide  exhibits  permanent  i:npair- 
raeiil  of  sensibility.  Similar  reaults  have  beet)  observed  in  human  LcinKs  v^ith 
like  ]vnon».  An  iunalof{:oui  phenomenon  occur*  aft«r  divinrn  of  the  anteri(>r 
columns,  that  ta.  u  miirke^I  tendency  to  contrvctione  in  the  muscles  belonr  iht 
level  of  the  section — hyperktnesis 

In  the  iutart  body  the  nomial  irritnbility  of  the  spinal  cord  is 
dependent  upon  tlic  continuance  of  the  normal  circulation.  Ligation 
of  the  abdominiti  aorta  gives  rise  rapidly  to  paralysis  and  anesthesia  in 
the  lower  portions  of  the  body. 

5ud<len  total  anemia,  as  from  oceluMon  of  the  aorta,  in  dogs,  causes  ai  Arst 
convulsions,  laEting  tor  twenty  seconds;  Chen  paralysis,  lasting  for  one  minute: 
next  *cn«cry  excitation,  lasting  for  two  minute*;  and  tinally  anetthe«ia.  lasting 
for  three  minutes  InriiiicMt  dejjcnenitiv'e  proc<.-MVs  appear  in  the  gangli<ni-r«Il& 
in  the  course  of  a  few  hours. 

After  prolonged  ligation  the  anterior  roots  of  the  spinal  cord  and  the 
entire  gray  matter  of  the  lower  portion  of  the  cord  that  has  been  rendered 
anemic  undergo  degeneration.  Motility  and  sensibility  are  permanently 
lost  in  the  posterior  extremities. 

CONDUCTUTG  PATHS  IN  TH£  SPmAl  CORD. 

Method.— The  conductini:  paths  in  the  spinul  curd  con  be  demonstrated  by 
means  of  histolo^cal  examination;  of  no  lew  importance  is  a  study  of  tfac  func- 
tional disturbances  exhihitcd  by  persons  suffering  from  injury  or  degvneratioo 
in  circumRcribcd  areas  Animal  ex  penmen  I  at  inn  iit  capable  of  allordin^  conHrma- 
tion  in  nn  analogous  manner,  iilthimgh  certain  ditfcrenfes  in  the  relations  of  the 
conditions  are  observed  as  compared  with  tho§e  present  in  human  beings. 

Flatau  established  the  genera]  law  that  the  short  paths  in  the  spinal 
cords  arc  situated  nearer  the  gray  matter,  and  the  long  paths  nearer 
the  surface. 

Loealisid tactile  insprcisions — pfinun'-ifnsc,  sensation  of  evld,  muscle' 
scnsf — are  conveyed  upward  through  the  posterior  columns  on  the  same 
side.  The  conduction  of  the  sen.-yitiun  of  heat  is  s.iid  to  take  place 
throughout  the  entire  gray  matttr  Interruption  of  the  posterior  col- 
umns abolishes  the  sense  of  cold,  the  pressure -sense,  and  the  muscular 
sense.     The  course  in  the  brain  is  described  on  p.  745. 

The  columns  of  Gnll  in  the  cervical  cord  ct^ntuin  continuations  of  the  pas* 
tenor  dorsolumbar  and  lower  dorsal  roots  The  palh  for  the  mttsc1e-«ense  is 
through  the  column  ol  Burdach;  where  it  approacnes  the  medulla  oblongata  Is 
sktuaU-d  the  path  ftir  thtr  muwle-ieiise  in  the  jinnn 

In  the  rabbit  the  path  for  localized  tactile  sensation  is  situated  in  the  lateral 
column  in  the  lower  portion  of  the  don^al  cord  Division  of  certain  portions  of 
the  lateral  column,  in  the  rabbit,  atxili.ihi's  this  aentuition  for  certain  related 
cutaneous  areas.  TqIoI  division  upon  one  side  hjis  the  sjimc  c&cct  Vrr  the  entirv 
half  o(  the  body  l-wlow  the  level  of  the  section.  The  condition  ol  aI>olishe4l  taetilr 
and  muscular  sense  is  designated  anesthesia. 

The  impulses  for  localised  voluntary  mcvemaiis  are  conducted  in  man 
through  the  anterior  and  lateral  columns  of  the  same  side,  through 
the  pyramidal  tracts.  At  the  corresj  ion  ding  level  of  the  spinal  cord  the 
fibers  enter  first  into  contact  with  the  ganglion -cells  of  the  anterior  horns 
and  thence  the  impulses  pass  into  the  appropriate  anterior  root  (Fig. 
955.  M). 
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The  exact  division -experiments  •>{  C.  Liidwis!  and  WorMchiloff.  Ott  and 
Mesdc  Smith  demcn«trat<Mi  in  the  rabbit  thm  m  the  lower  dorsal  portion  of  the 
cord  the  course  of  the  fibers  is  pxclusiwl)'  in  the  Intcrsl  column.  Partial  division 
o/  the  taicrftt  column  abolislies  voluntary  movement  in  individual  related  muscles 
below  th(s  level  oi  the  (teetion.  From  what  has  already  been  cmted  it  will  be 
clear  that  the  lateral  columns  incr(.'»«r  progressively  in  size  drd  In  the  number 
of  fibers  they  contain  from  below  upward.  In  the  anterior  horn  ev-cr>*  motor 
Aber  enteni  into  relation  witlj  one  ganglion -cell,  as  has  beeji  demonstrate<l  in  the 
frog. 

The  fibers  that  intermediate  the  tactUf.  widespread,  cofirdinaied  reflexes 
enter  through  the  ijosterior  roots  and  then  pass  to  the  columnar  cells, 
At  the  various  levels  oi  the  cord,  the  groups  of  ganglion-cells  that  con- 
trol the  coordinated  reflexes  are  further  connerted  by  fibers  that  for  the 
extremities  pass  wHtliin  the  anterior  mixed  tracts  of  the  lateral  column 
(the  ground-bundle  of  the  anterior  column  ?)  and  for  tli«  trunk  in  the 
posterior  column.  Frum  the  motor  ganglion -eel  Is  the  fibers  for  the 
stimulated  muscles  pass  through  the  anterior  roots. 

Ataxic  tabri  dofsalir.  In  which,  principally  on  a  syphilitic  basis,  de(^erfttion 
of  the  posterior  columns  is  encountered,  is  noteworthy  on  account  of  its  charac- 
teristic motor  diKturliunces.  Voluntary  movements  can,  it  is  true,  \x  executed 
with  full  strength,  but  lh«y  lack  the  line  harmonious  Rradation  with  reference  to 
inten*ily  and  cxicn:  This  function  is  in  part  subserved  by  the  nonnal  existence 
of  tactile  »eii»«ti(itis  and  of  the  muscular  and  articular  sense,  the  pathx  for  which 
are  situated  in  the  posterior  columns.  After  depencralion  of  the  latti-r.  not  only 
anesthe&ia.  but  also  derangement  in  the  execution  of  the  tactile  rrHexca,  occurs, 
as  the  centripetal  segment  of  tlic  arc  is  interrupted.  Also  the  tone  of  the  muscles. 
^7hicb  depends  essentially  upon  reflex  stimulation, is  considerably  towered,  and  in 
consequence  the  muKdec  exhibit  an  excetsive  degree  of  passive  extensibility.  An 
(issociated  lesion  of  the  simply  »*n8ory  nerves,  however,  may  in  an  analogous 
manner,  as  a  result  of  anesthesia  and  loss  of  the  palhie  retlexes.  give  rise  also  to 
disturbances  in  coonlination  of  movement.  As  the  fibers  of  the  posterior  roots 
pass  thruugh  the  white  matter  of  the  posterior  columns,  it  vill  thus  be  clear  that 
disorders  in  the  .sensory  sphere  occur  as  a  result  of  degeneration  of  the«  parts 

The  view  also  is  maintained  tiy  some  that  tabes  represents  a  disease  of  the 
l^osterior  roots  extending  to  the  spmal  cord,  for  the  roots  also  arc  found  involved 
in  ^e  degenerative  process,  and  their  involvement  may  be  responsible  f«r  the 
derangement  in  the  sensory  sphere.  The  latter  consists  in  part  in  an  abnonnal 
increase  of  tactile  or  pain  impressions,  associated  with  lanciruiting  painti,  while 
in  part  it  may  be  increased  to  the  [loint  of  anesthesia  or  aruilgesia  At  the  same 
time  tactile  sensibility  is  altered,  m  consenuence  of  trriiation  of  the  posterior 
columns,  as  indicated  by  sensations  o(  nuraDness,  softness,  formication,  or  con- 
striction. Often  sensory  conduction  is  delayed,  llie  sensiliility  of  the  muscles, 
joints  and  internal  parts  is  altered.  If,  finally,  the  posterior  coJumns  really 
contain  fitiei*  for  the  conduction  of  widespread  coordinated  reflexes,  ihe  ataxia 
can  be  explained  in  part  by  an  iiilerruption  of  tkesc  paths.  The  exceedingly  rare 
cases  of  tabes  witht^ut  sensory  deninncmenl  are  to  be  interpreted  only  by  assuming 
that  either  the  conducting  paths  of  the  cn.-.rdmated  reflexes  ^r  the  ganghon-celU 
arc  injured. 

Inhibition  of  the  laftilr  reflex  takes  place  through  the  tracts  of  the 
anterior  columns.  At  the  proper  level  the  conducting  fibers  pas.s  from 
the  anterior  coltinin  into  the  gray  matter,  in  order  to  enter  into  contact 
with  the  fibers  of  the  reflex  apparatus. 

The  transmission  of  pain  impressions  takes  place  through  the  pos- 
terior roots  and  llience  through  the  entire  gray  matter.  Loss  of  pain  or 
of  thermal  sensibility  occurs  m  man  as  a  result  of  disease  of  the  Hr)inal 
cord  in  or  near  the  posterior  horn.  In  part  decussation  of  the  fibers 
that  pass  from  one  side  to  the  other  takes  place  in  the  cord.  Their 
further  course  to  the  hrain  is  described  on  p.  745. 
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If  the  gray  aia,tl«r  is  divided  except  for  &  small  connretinK  band,  this  nionc 
will  Kufltce  to  convey  pain  impressions  upward.  According  to  SchiH,  howcvoT, 
the  trAnsmisftion  under  «uch  oitvumftAncrs  in  dtlaycd.  Only  tiftcr  the  gray 
matter  has  Wen  n-holly  diviriH  does  tho  cfudiiotiiMi  of  all  pmn  urngation  Umtn 
the  portions  o(  the  body  b«low  the  lev«l  of  the  station  coase.  In  thiK  way  th« 
conaitioii  lit  :ijinI^fMa  i%  Iiruti^hL  about,  wliili'  tsictili-  Kcncibility  [irrsists  it  the 

Eosterior  columns  arc  intact  .^  similar  c^'ntlition  is  no\  rarely  ob'Ben.pd  in  hunuui 
einss  during  incyiuplctt-  chlorofomi- narcosis,  and  particularty  during  the  narcoftix 
inducird  by  the  cumbiiic-d  adininiht ration  of  chloroform  and  inorfihin  As  thrao 
poisons  Ix-numh  the  nerves  trfiiistniLlinj;  pain  wnsationx  carlicT  than  the  tactile 
nerves,  those  operated  on  maintain  that  they  appreciate  the  opcralion  as  a  tactile 
impression,  as  pnrssurc,  etc..  but  nut  us  pain.  As  lliv  condtiction  of  paia  takes 
place  every«'herii  1hrouf;h  iht  RTiiy  matter,  and  as,  further,  the  excitatii<n  of  pain 
extends  ttw  mon-  ■wirtcly  thnnij;hmit  the  gray  matter  the  mow  intenftc  the  painful 
manipulation,  the  so-called  iirndiati'in  nf  (lie  pain  improBsirvnB  can  he  under- 
Stood.  Ill  the  pretence  of  severe  pain,  the  pain  appears  to  ratliatv  widely  f«>m 
its  scat  of  rinEin.  Tliux.  for  example,  in  ca^e  of  severe  tiK)lh;ichf  br^inninE  in  a 
given  tooth  the  pain  soon  r;uliale9  In  the  entire  mnxillar)'  region  and  even  to  the 
entire  half  of  the  head.  In  contradiction  of  this  statement  Ekchterew  maintains 
that  the  path  for  pain  impressioaa  ia  situated  in  the  lateral  columns,  in  the 
rabbit,  hen  and  dog. 

The  impulses  for  spasttwdic.  inwluitlary.  incoiinUiuilcd  mmfcmcr.h 
are  transmitted  through  the  gray  matter  and  from  the  latter  through 
the  anterior  roots. 

Such  transmission  occurs,  for  cxompli:,  in  cases  of  epilepsy  and  as  a  res 
of  certain  intoxications,  for  instance  witn  strychnin,  in  cases  of  uremic  intoa 
tion  and  of  tetanus.     Also  the  convulsions  associated  with  anemia  and  dyxpnca  ar 
transmitted   downward   from   the  medulla   ot)lun({ata   thnntgh   the   entire   graj 
matter, 

The  impulses  (or  uidespread  teflcx  convulsions  are  transmitted  Irom 
the  posterior  roots  to  the  ganglion-cells  of  the  gray  matter,  further 
through  ihe  anterior  horns  and  finally  into  the  anterior  roots,  and  imder 
conditions  that  have  Ix-en  described  in  the  discussion  of  this  variety  of 
reflex  convulsions. 

inhibition  of  the  path ic  rcjitxfsis  effected  through  the  anterior  column 
downward  and  then  in  the  gray  matter  to  the  connecting  tracts  of  the 
reflex  organs,  into  which  resistance  is  introduced. 

The  vtixt^motors  pass  thrmigh  the  lateral  columns  and,  after  having 
entered  the  ganglion-cells  of  the  gray  mailer  at  a  given  level,  leave  the 
spinal  cord  through  the  anterior  roots.  Later  on,  they  approach  ve&seU 
provided  with  a  muscular  coat,  either  simply  through  the  path  for  the 
spina!  nerves,  or,  more  frequently,  they  pa.ss  through  the  communicating 
branches  into  the  sympathetic  and  from  this  to  the  vascular  plexuses. 

Divisiiin  of  ihv  sjitnal  cor<l  parnlyies  »II  of  the  vaxomotms  lielow  the  level 
of  the  section.  Stimulation  of  the  peripheral  stump  of  the  cord  conversely  causes 
contraction  of  all  of  the  vessels 

Fibers  having  a  pressor  action  enter  the  cord  through  the  posterior 
roots,  then  pass  upward  in  the  lateral  column  and  undergo  incomplete 
decussation. 

Their  linal  goat  is  the  dominating  vaiomotor  center  in  tlie  medulla  obtoagat 
which  tiius  they  stimulate  relle;tly.     Analogous  depressor  fibers  must  pusf 
the  spinal  cord,  alihoiigh  notbtng  concerning  them  is  known. 

From  the  respiratory  center  in  the  medulla  oblongata  there  pass 
downward  in  the  lateral  column  on  the  same  side  the  rcspiraSor y  mn-is. 
which,  after  reaclung  the  ganglion-cells  of  the  gray  matter,  pass  through 
the  anterior  roots  into  the  motor  nerves  to  the  muscles  of  respiration. 
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UmUtcrol  Or  total  division  of  th*  «pinal  cord  at  progressively  higher  Itveli 
pnralyies,  nccordingly,  respirator;'  nerves  ariting  at  successively  higher  lev«ls  on 
the  same  (tirir  or  on  t>oth  shIm. 

Pathological.— In  case  of  degeneration  or  direct  injury  of  the  spinal  cord  or 
of  individiiiil  poriiimc  of  the  cord,  it  should  be  especially  noted  that  occaxionally 
in  recent  cases  irritative  and  paralytic  phenomena  occur  nide  hy  side  in  closdy 
adjacent  portions  of  the  cord,  and  as  a  result  an  analysis  of  the  clinical  picture 
is  rendered  ilillicult. 

Dcpcncration  o(  the  posterior  columns,  withijut  involvement  of  the  aflercnt 
poatcricr  roots,  causes  (oss  of  tactile  scncihiLity  as  the  most  conspicuous  sytnptom, 
while  Ihcnnal  den»tbility  is  preserved.  I>eKenemtioQ  of  the  i;anj;li  on -cells  in  the 
anterior  horns,  for  example  in  cases  of  spinal  paralysis  of  infants,  gives  rise  to 
paralysis  in  the  diatrilmtitm  nf  the  otTercnt  moiornerves.  At  the  same  time  the 
muscles  supplied  hy  these  nerves  undereo  rspid  atropM*.  The  ganglion-cells  are 
the  trophic  centers  for  the  nerves  and  llie  nuiicles.  The  results,  under  such  cir- 
cumstances, are  ihr  s:nnr  iis  those  that  follow  iwrmaiimt  divisifin  of  a  jwripheral 
motor  ncr^e  As  some  fibers  pass  from  above  dowtmard  through  the  amerior 
horn  to  the  oppusitc  side,  alao  aorae  fibers  on  the  contralateral  side  degenerate. 
Deci'neralii'n  of  the  |io>(terior  icray  horns  rives  rine  to  impairment  tit  cutaneous 
scnsibilitv  and  to  trophic  disorders  in  the  skin.  Degeneration  of  the  central  por- 
tion of  the  gray  matter  csu»c«,  in  addition  to  trophic  disorders  in  the  skin.  Iocs 
of  thermal  .lensibility. 

It  is  a  hijjhiy  intcretting  fact  that  temporary  occlusinn  of  the  abdominal  aorta, 
in  nibhite.  cjiuw-s  perniancnl  seiianr)'  and  motor  paralysis  in  the  entire  area  cor- 
trolled  by  the  portion  of  the  spinal'cord  whose  circulation  is  cut  ort.  Ganglion- 
cells  and  nerve-lilient  of  the  anterior  horns  undergo  degeneration  Then  swondary 
drgcn<niti"ti  of  the  antrrior  rnols  follows  (with  the  rxcn'li'>n  nf  the  cmitaincd 
vasomotor  libers),  and  of  the  white  matter  adjacent  to  the  anterior  horns.  Sub- 
nequcntly  tho  posterior  luwns  alwi  undergo  reduction  in  size.  AH  of  the  tracts 
.passinginto  the  cord  remain  intact,  namely  the  portcrior  roots,  the  npinal  ganglion- 
cells,  the  posterior  columns  and  the  extreme  periphery,'  of  the  anteroiatcraJ  tract . 

Oostrnctiofl  of  the  lower  portion  of  the  spmalcord,  in  the  dog,  up  to  tha 
cervical  cord  giws  rise,  in  addition  to  loss  of  sensation  and  of  motion,  to  reduction 
in  the  temperature  of  the  lower  portion  of  the  body.  hut.  if  great  care  be  taken, 
to  no  trophic  disorder,  except  that  the  bones  appear  to  be  briiilc  The  anus  is 
dilated  only  at  tirct,  hut  later  tho  i^ihmcter  ri-;;ain«  iiK  nonnul  tune  and  sponta* 
neotisly  contracts  rhythmically  (perhaps  it  contains  its  innervation:il  center  within 
itself],  while  all  the  other  paralyzed  muscles  of  the  body  undergo  degeneration. 
The  diinestive  proccasu.  the  intestinal  movemciit!i.  the  .net  u(  pnrtunlion,  the  act 
of  nursing  arc  performed  ni^mially;  but  the  temperature  of  the  body  can  be 
regulated  only  vrithin  certain  limits.  The  paralysis  of  the  bladder  present  at 
lirst  improves;  tho  tone  of  the  blood-vessels  is  restored  in  the  course  of  a  few 
da>-a.  A  series  of  important  vital  processes  are.  therefom-,  not  directly  dependent 
upon  the  existence  of  the  ypinal  cord.  Init  they  are  rather  decent raliwd'. 


THE  BRAIN. 

GENERAL  OUTLINE  OF  THE  STRUCTURE  OF  THE  BRAIB. 


COURSE  OF  THE  MOTOR  AND  SERSORY  TRACTS. 

With  rrxprct  to  an  organ  exhibiting  such  a  high  degree  of  complexity  of 
Structure  as  the  brain,  it  is  o(  the  greatest  importance  to  be  acquainted  with  its 
jnetieral  arransi^nient,  even  if  tndy  from  a  l>ricf  descripti'ii.  It  is  li.i  the  credit 
of  Mcyiiert  thai  he  devised  a  practical  system  of  this  character  based  on  extensive 
investigations.  This  will  be  used  in  the  discussion  of  the  subject  that  follows, 
although  consider&tion  will  be  given  also  to  the  n-mlts  of  more  recent  ia%'esti- 
gation. 

The  uvieht  i-j  the  hraiii  in  man  is  on  the  average  in  the  male  1371  grants, 
in  the  female  1331  grams.  The  uppermo«l  and  outermost  layer  of  the  cortex 
consists  of  a  layer  uf  glia  containing  nerve-tiljers.  Beneath  thi«  is  the  layer  of 
small  gafigljim -cells,  and  next  to  this  the  layer  of  large  pyramidal  cells,  'which 
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in  turn  covcro  the  layrr  of  irrc^larly  formed  gftngtion-cfUs.     Each  gAnj^ion-c«II 

fiossesses  a  neurite  and  numerous  dendriics.  Between  the  cells  ever>'wber«  lie 
ftrge  numbers  of  bimdles  of  itieduUuted  nerve -libura. 

The  cortex  of  the  hniin  conciisiE  nf  pvriphertl  gray  matter  with  numerous 
convolutions  and  sulci  (Fig  i^i-  C).  This  can  be  recognized  as  the  cenira]  organ 
of  the  nervous  syslctii  from  the  presence  of  large  numln-rs  of  f  an  gh  on  ■ceils.  From 
it  pass  all  of  the  motor  lilK-rs  i  hut  can  tic  stimiualed  hy  the  mind  (will.cvncriition). 
and  to  it  pass  all  of  the  fibers  derived  from  the  organs  of  special  sense  and  tbe 
seosory  organs  tliat  inlcnnediatc  the  psychical  perception  of  external  impreBsioas. 

All  ol  thetc  tracts  together,  in  part  cortictn>clal,  in  part  corticofugal.  punue 
in  general  a  crrtvcrgr-nt  course  toward  th«  cf  ntrttl  part  of  each  cerebral  hcmitphere , 
wh«re  the  large  central  ganglia  of  the  brain  arc  situated,  corpus  striatum  (C.  e.). 
lenticular  nucleus  (N.  1.).  optic  thalamus  (T.  o.)  and  quadrigeminate  bodies  (v). 
Some  fibers  merely  pass  bj-  1h«.'se  Btructures  (j,  5).  but  m.'iny  iMitcr  the  central 
grav  matter.  The  nbcr-systcm  mentioned,  which  has  a  radiating  ftrran torment 
within  the  cerebral  hemisphere,  is  known  as  the  corona  radiata.  or  the  projraioM' 
sysUttt  of  lilt  first  litdtT.  In  addition  to  this,  the  white  matter  contains  iwo  other 
groups  of  libers,  namclv  {a)  the  commissural  tibcrs— corpus  callosum  and  anterior 
commissure  (ccj,  which  connect  the  two  hcniisphercs:  and  (h)  the  aasociatioa- 
fibers,  by  means  of  which  difletent  areaa  of  the  cortex  of  the  same  side  are  con- 
nected <a  a). 

The  large,  cellular,  gray  masses  of  the  central  cerebral  ganfi^lln  form  the  first 
stage  in  the  course  of  a  Uu^e  number  of  fibers  of  the  projection- system  of  the 
first  order.  On  entering  these  central  masses  the  libers  undergo  an  inierruptioa 
in  iheir  course,  while  a  reduction  in  the  number  of  lilicr>  of  tlie  corona  radiata 
takes  Tilac«.  In  detail  the  relation  of  the  libers  of  the  corona  radiata  to  the  great 
central  ganglia  according  to  Mcyncrt  is  as  follows:  The  entire  mass  of  fibm  of 
the  system  of  the  corona  radiata  breaks  un  in  general  into  as  many  bundles  as 
there  are  ganglia  on  each  side.  Then?  arc  tiius  systems  for  the  striate  body  (i,  t). 
the  lenticular  nucleus  {t,  3),  the  optic  thalamus  (j,  j)  and  the  quadii geminate 
bodies  (4.  4)- 

According  to  Flechsig  the  convolutions  of  the  brain  can  be  divided 
into  two  groups:  The  tirst  group  contains  only  association  and  com- 
missural fibers,  by  means  o(  whirh  the  convolutions  arc  connected  with 
other  cortical  areas.  The  other  group  contains  in  addition  bundles 
which  pass  to  the  optic  thalamus  in  the  corona- radiata.  These  Flechsig 
designates  sense- ccttUrs,  of  which  each  possesses  its  own  motor  ap- 
paratus. 

The  central  convolutions,  the  seat  of  the  cutaneous  and  tbe  muscular  sense, 
serve  as  the  principal  soimrc  of  origin  for  the  association -tracts.  Then  the  auditory 
area,  and  in  lesser  degree  the  visual  area,  play  an  important  rdle  as  the  source 
of  origin  of  the  ossociation-tnieM. 

From  the  large  central  ganglia  there  develops,  later  passing  downward, 
the  proieclion-iyilrm  of  Iht  itcond  ordsr.  whose  lon^tudinal  fibers  reach  their 
temporarv  termination  In  the  so-called  gray  matter  m  the  central  cavity.  This 
is  the  cellular  gray  matter  that  extends  from  the  third  ventricle  through  tbe 
aqueduct  of  Symus.  the  floor  of  the  fourth  ventricle,  to  the  lowermost  portion 
of  the  gray  matter  of  the  spinal  cord,  occupying  the  interior  of  the  medul- 
lary tube.  It  represents  likewise  the  second  suse  in  tlic  course  of  the  fibers. 
Accordingly,  the  project  ion -system  of  the  second  order  extends  from  the  large 
central  ganglia  of  the  cerebrum  downward  to  the  gray  matter  of  tbe  centra! 
cavity.  The  fibers  of  this  system  must  obvioiuty  be  of  widelv  varying  length, 
some  terminating  in  the  gray  matter  of  the  central  cavity  adovc  the  medulla 
oblongata  (oculomotor  origin),  while  others  extend  to  the  k-vel  of  the  last  spinal 
nerve.  The  gray  matter  of  the  central  cavity  forms  a  mass  for  the  interruption 
of  the  fibers,  and  un  iiicre.ue  in  the  number  o(  tibers  takes  place  in  it,  fur  many 
more  libers  pass  out  from  the  gray  matter  of  the  medulla  oblongata  and  the  s{>inal 
cord  to  the  periphery  than  were  sent  to  it  from  above  from  the  central  ganglia 
of  the  cerebrum. 

With  reference  especially  lo  the  nrranvcment  of  the  ttbcrs  of  this  projtction- 
aystcm  of  tbe  second  order,  it  is  assumed  that  the  fibers  descending  frcm  the 
lenticular  nucleus  and  the  striate  body  (6,  $)  uRit«  to  form  a  spscial  tract  passing 
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through  the  upper  portion  o(  the  cnista  of  the  ccrrl»n»l  pedoncle  downwonl  into 
the  meduUit  oblongata,  or  anW  to  the  pofiE  according  to  Flffchsig  In  a.  similar 
oiAnocr  a  bundle  passes  from  ittc  optic  tnalainus  (7)  and  from  the  quadrigmninate 
bodies  (6.  6)  chat  dexcends  through  the  tCKinmtum  (H)  of  the  cerebral  jieduncle. 
Both  groups  of  tiVcrs.  thosr  in  the  crusta  as  well  ns  those  in  the  tegmentum, 
unite  below  in  the  spinal  cord. 
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Flo.  >5i. — I  DfiiErnmiiulif  RrptvMaLiiioo  at  ihe  Simciut?  of  ihc  Itninr  C.  C.  crrebral  cona;  C.  L  ilnar* 
MdV;  Ml,  ImliniliK  Qadrun*  Tol  opiic  ihal&mw,  V.  quaitriccnicuii:  hodini  P,  ctrrhnl  pnluDclr:  II, 
KSmealuaa:  p,  tnuu:   1.  t.  fibmof  ihc  conxu  rviuti  10  the  nmiF  brth:   1,  1,  in  the  Imiiculii  ducIcui'. 

4.  5,  Id  itip  apiit  thsUnnui;  4,  4,  lo  iIh  BDwIricFiniiiiiir  twijict  <.  ilircci  nlm-i  to  ihr  (virlirjl  iviriFi,  6.  b, 
bm  fmin  ihc  riuidnicniinatc  loiliFt  lo  uief(>aitQtuni:  7,  Abcn  iTom  Ihc  oplic  IbaUmm  loihr  K^nncniurn; 
n,  (bfii  ftiMhrr  niirv^  K.  1^,  libm  Irom  iIm  Hiule  bodr  <.iid  ih«  ImTifuIar  n'lrlfiit  ii>  lti<  (nnu  nl  Ihr  (rrr- 
laal  ptdundi.  M.  ihcti  funhcr  (minr;  S.S.C(iunr  of  Ihe  vnmrT  lSI>m.  R.  Imiuvtrv:  irtlwn  □]  ihi  ipiiul 
rari:  vAV,  undriiir  md.  h.U,  jMicrioT  nM:  n,  a.  iModilloB  AW<'.  c.  i,  inmniiMunl  rilwrs.  II.  Tnni- 
rtnf  Srclinn  ih^m^h  ihr  l\-kit?Hot  Pnir  tit  the  O^J^'lrijft'rrinjirtf  ttoHi^-*  4ml  thr  Cfrr^n]  Podui^clr*  r>f  Mna 
dim  Mroim)-  p.  Cmtla  n\  the  trduiidr;  i.  silminiii  niiEn,  t.  Itit  iguiilriirntinsif  Invlmnilh  'h?  Imm- 
rtrrt  ■Bcrmbof  (hr  KfUvlua.     Ill-  A  1 -ik«  Srciima  fromibf  Dogr    ^^  From  the  ,t|Vr   ^^  Fmm  thr  iiuiim-iiig. 

According  to  Wernicke  the  lenticular  and  caudate  nuclei  are  not  parts  of  the 
cerebrum  intn  which  filicTS  of  the  corona  radiatn  from  the  cortex  enter,  hut  they 
are  independent  sinicturt'S  analogotis  to  the  cortex,  from  which  libers  originate. 
These  titers  later  on  readi  the  tegnieuium.  wliere  tlM;\'  lie  side  by  side  wuli  the 
fibers  derived  from  the  oplic  thalami  and  the  quiuirigemiHatr  hndiet. 
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The  fibcn  ttiBt  lisuss  tram  tbe  thnlomus  nnd  the  quadri|;cnniiiata-  bocUcs  tbrough 
th«  tegmentum  of  tlic  ccrrbral  pcdunclv  (6.  fi.  j)  repn'seni.  according  lo  Me>iiert, 
reflex  paiha  Accurdinglv.  tlic  cerebral  masiiC!!  mcmioiie<l  wtjuld  tw  tlie  tentera'. 
for  certain  t-xtinsivR  cownliiinlnl  rcllescs  This  is  indicated  by  the  fact  that  After 
dfstruciion  of  the  paihs  for  the  conduction  of  voluntary  Jrapulscs  in  animals  the 
techiiicjil  ii<.-rft-ctioii  uf  the  iiiovctnvnu.  in  m  for  tia  iheae  arc  induced  hy  rcScx 
activity,  rcmuin.i  intact.  The  libers  named  uass  in  the  suinal  cord  at  first  down- 
ward upon  the  tutne  side  (m),  hut  thev  probably  cro»i  Mow  in  thv  eninol  cord 
ilMlf- 

Finally  there  passes  out  o(  the  entire  gray  matter  of  the  central  cavity  a 
group  of  hbert  tlial  cuiiKtilutc  the  f  roj>flii»«.jj'il««  it/  thg  third  ordft.     These  art  , 
the  peripheral  nerves,  wnsurj-  ami  nunor.     They  exhihit  in  their  totality  an  in- 
crease oi  fibers  as  compared  with  the  number  of  fibers  in  the  projectton-s>'steoi 
uf  the  accond  order. 

The  cerebellum  represents  a  sc^>oratc  central  organ  of  Kpccial  character  con- 
taining gray  matter  in  part  as  a  cortical  layer  and  in  part  as  central  accumulations. 
It  is  ci.mnectcil  with  the  «Tc>>rum  (i)  thriMigh  the  superior  <.-cTcbellar  peduncles, 
formed  of  fiber*  (mm  the  system  of  the  corona  rudiatn,  pasnng  then  into  the 
tegmenl-um.  and  reaching  the  ccrehrllum  after  total  dwussation ;  and  (a)  through 
the  middle  cerebellar  peduncles  to  the  pons  and  from  the  pons  through  the  cerelira) 
peduncles  to  the  hemntphtfres.  The  cercbt- llutn  is  connected  aUo  with  the  &pinal 
cord,  namely  (i)  vrith  the  iiostrrior  C"luinn  (cunfate  and  jtracile  columnt)  and  (j) 
with  the  anterior  column  (rcstiforra  bodv).  The  two  hemispheres  arc  connfcted 
by  the  transverse  commissural  fibers  of  the  pons. 

The  distribution  of  tin-  ctrvbrnl  vtMclx  is  detterving  of  consideration  Unra  the 
practical  alandpoint.  The  arter>-  of  the  (oua  of  Sylvius  supplies  the  motor  areas 
of  the  cortex  iti  animals --in  man  the  paracentral  lobule  is  supplied  hy  the  anterior 
cerebral  artery.  The  reffion  of  the  third  frontal  convolution,  which  is  of  stieh 
importarce  for  the  function  of  speech,  is  siippHcd  bv  a  special  branch  of 
the  Sylvian  nrtery.  Those  portions  of  the  frontal  li>l)e.inniT>'  of^ which,  accordinff . 
to  Ferrier,  causes' derangement  of  intelligence,  arc  supplied  by  the  anterior  cerrbral  ^ 
artery  Tlie  middle  cerebral  artery  supplies  the  internal  capsule,  with  the  excep- 
tion of  its  most  posterior  portion,  which.  t«>Keth«T  with  the  uncinate  eyrtiS.  is 
supplied  by  the  anterior  chorwd  ancr>'.  Those  portions  of  the  cortex,  lesions  Ot 
which,  acconling  to  Ferrier.  i,Hvc  rise  to  hcmiiinoithesia.  arc  supplied  by  the  pos- 
terior cerebral  artcr>-.  Isolated  anemia  of  this  area  is  believed  to  have  some.' 
connection  with  melancholic  states  in  human  beings. 

Course  of  the  Tracts  for  VotunUtry  Movements :  Psychomotor  or 
CorticomuscuUr  Paths  (Fig.  355). — Frnm  ilie  motor  regions  of  the  cere- 
bral cortex.  Irom  which  impulses  arc  sent  for  voluntan-  movements  in 
the  ilistribution  of  the  t-erebryl  and  spinal  motor  nerves,  the  fibers  thai 
cofistitute  the  pyramidal  tracts  (Fig.  255,  u,  /'.  t)  pas.s  through  the 
anterior  two-thirds  of  the  posterior  limb  oif  the  internal  eapsule  (Fig.  355, 
G.i:  Figs.  163.  s64).and  then  through  the  crusta  of  the  cerebral  peduncte 
(Pig.  354,  middle  portion  of  the  lower  free  circumference  of  the  crusta), 
throiigli  the  pons  on  the  same  side  (P)  into  the  pyramid  (Py)  o( 
the  medulla  oblongata.  At  this  point  the  majority  of  the  fibers  cross 
through  the  pyramid.il  decussation  to  the  opposite  side  and  pas*  down- 
ward in  the  lateral  cnluinn  (lateral  pyramidal  tract,  a)  to  the  level  of  the 
spinal  cord  (Fig.  355).  from  which  the  anterior  root  for  the  transmission 
of  the  voluntar\-  impulse  in  question  makes  its  exit-  Before  entering  the 
anterior  root  the  (ibcrs  enter  into  conmmnication  with  IhcKanglion-cella 
of  the  anterior  horn  (stirrounding  them  by  delicate  arborizations). 
From  each  ganghon-cell  there  passes  as  a  ncurite  a  motor  filament  into 
the  nerve-fiber  of  the  anterior  root,  The  largest  numl>er  of  decussated 
fibers  in  the  pyramids  pass  to  the  motor  nerves  of  the  extremities.  A 
smaller  number  of  fibers  (Fig.  355,  b).  however,  do  not  decussate  in 
the  pyramid.  Imt  pass  on  the  same  side  in  the  anterior  column 
of   the  spinal    cord    (anterior    pjTamidal    tract,    b,    s)    and    remain 
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Upon  the  same  side.  These,  however,  in  their  (unher  course  through 
the  spinal  cord  likewise  cross  over  to  the  opposite  side  through  the  an- 
terior white  commissure.  A  portion  of  these  libers,  at  first  undccus- 
sated.  appear,  however,  to  remain  upon  the  same  side.  It  is  perhaps 
their  function  to  innervate  those  muscles  of  the  trunk  that,  like  the 
respiratory,  the  abdominal  and  the 
perineal  muscles,  are  generally  made 
to    contract   together    on    both  sides. 

With  rcferene*   to  the  relBtions  of  ihc        I*  1  ■  '' ' 

crossed  and  uncrututef I  l^livrs  individual  vena- 
tions occur,  [n  isnUtcd  css^k  tht:  con- 
ditions arc  rcvcrsud,  and  in  raic  instances 
the  (lyran)idal  tracts  rtiii.aiii  ujxin  ilic 
name  wdc  from  the  Wain  downward.  In 
this  WBiy  arv  ti>  Sr  <■* plained  the  cxcvodinglj- 
raw  cases  in  wluch  paralysis  of  voluntAry 
movemeni  has  been  observed  on  the  satne 
mdi;  ;i!!  the  Icftjon  of  the  ccwbra]  o(irti;X. 
Ciiws  arc  imcommon  also  in  which  tlie 
muscles  of  the  trunk  and  the  lower  ^^T  ''ii'^. 
L-xtrcinitirs  arc  movrd  liilatrrally  on  volun- 
tar>'  efforts  at  unilnt<:ral  movement.  PinailVt 
it  should  be  nu-iilioiicd  that  Unvcrrirnt 
occasionally  observed  in  the  doj;  u  double 
dvcuMation  of  the  tracts:  once  in  the  pyra- 
mids and  again  in  the  spinal  cord  Pyram- 
idal tracts  arc  present  only  in  mammals). 

The  cerebral  motor  nerves  naturally 
have  their  center  for  volunlarv'  stimu- 
lation in  the  cortex  of  the  cerebral 
hemisphere.  Prom  this  point  the  fibers 
that  transmit  voluntary  impulses  pass 
through  the  intcnral  capsule  and  the 
crusta  of  the  cerebral  poiiuiiulc,  where 
they  lie  in  front  of  and  internal  to  the 
pyramidal  tracts.  Then  their  course 
IS  directed  to  their  nuclei  of  origin.  ^  ^KTri 

In  Fig.  255,  c  represents  the  course  of  X.'ff^- 1 

the  facial  nerve  to  its  nucleus  of  origin. 
The  hypoglossal  ner\-c  passes  with  the 
pyramidal  tract  and  behaves  like  the 
anterior  root  of  .1  spinal  nerve. 

Course  of  the  Tracts  for  Conscious 
Sensation. ^From  the  cortical  area  in 
whifli  is  situated  the  center  for  sensi- 
bility, which  is  designated  the  sensory 
sphere  .in<l  is  fully  describecl  on  p.  7S5, 
the   conducting    tracts    pass    through 

the  posterior  third  of  the  posterior  TimI)  of  the  internal  capsule  {Figs, 
sdj.  264).  The  liliers  for  the  transmission  of  the  muscle-sense  pass 
through  the  middle,  those  for  the  sensations  of  pressure,  temperature, 
and  pain  through  the  inner  half  of  the  jjostcrior  third  of  the  internal 
capsule.  The  tracts  then  pass  through  the  tegmentum  of  the  cerebral 
peduncle  an<l  their  contimiation  through  the  pons  and  further  to 
the  medulla  oblongata.    The  fibers  for  the  transmission  of  cutaneous 


/J'. 


ft, 


H 


Kh).  j^<.— r  "iri  .1!  iliL  r'lilH  flit  Volufllarv 
!hfnte<mcn(:  d.  h,  PjLtl»  tft  iKt  (rrrfiTal 
muriii  noTi*,  t.  imiti  (ui  I'lc  liKiil  ncti». 

G  >.  inKtnal  ininulc.  Si.  Irnliculiu  nu 
clfiH"  ^  tmrui  .V  /,  niici'tii  ol  <inflift 
ol  ilif  f»(i»l  fKtw.  fy.  i'jTiniiii,  nlh 
JKUauliiin:      ''J.     diviry    \kA\~.     Or. 

/t.K,  atilrtiiit  ntr*.  r,  lairmi  y)rr»mid»l 
tmcti   :,  *Dlvruir  frraEtiicljil  irul- 


746 


COURSE    or    THK    TRACTS    FOR    CONSCIOUS    SENSATION. 


sensibility  pass  through  the  fillet  and  the  ventral  portion  of  the  reticular 
formation. 

The  connections  of  the  posterior  roots  of  the  nerves  of  th*  spinal  cord. 
through  which  sensibility  ih  transmitted,  are.  according  to  recent  inves- 
tigators, as  follows: 

The  posterior  columns  transmit  inipubes  from  the  afferent  poste- 
rior roots  upward,  A  lateral  and  a  median  bundle  ran  be  recognized 
in  the  posterior  root.  The  median  bundle  of  each  afferent  root  in  its 
course  upward  in  the  posterior  column  is  generally  situated  to  the  outer 
side  close  to  the  posterior  horn  (Pig.  157.  3).  Each  root  as  it  enters  at  a 
higher  level  (1)  displaces  further  and  further  inward  the  fibers  derived 
from  the  roots  situated  ut  a  lower  level.  Therefore,  the  sensory  fibers  com- 
ing from  the  lower  extremities  are,  in  the  cervical  cord,  situated  princi- 

Eally  in  the  columns  of 
oil.  while  the  columns 
of  Burdach  still  contain 
many  fibers  from  the 
upfier  extremities.  As- 
cending, the  fibers  of 
the  posterior  columns 
terminate  above  in  the 
medulla  oblongata,  in 
the  furmations  (nuclei  of 
the  gracile  and  cuneate 
columns)  known  as  the 
nuclei  of  (he  posterior 
columns.  Krom  these 
nuclei  many  fibers  pass 
into  the  fillet  (L)  of  the 
opposite  side.  Other 
fibcn  pass  to  the  cere- 
liellum.  The  lateral 
fibers,  coarse  and  fine,  of 
the  posterior  root  (j.  a) 
enter  the  delicate  plexus 
of  the  posterior  horn,  in 
which  the  ganglion-cells 
of  the  posterior  horn  are 
lodged.  From  the  plexus 
of  the  posterior  horns 
there  arise  numerous 
fibers  that  pass  forward  through  the  gray  matter,  undergo  decussa- 
tion, and  then  continue  toward  the  cerebrum  in  the  anterior  and  lateral 
columns.  At  a  higher  level  these  hbcrs,  with  their  original  accom- 
paniments, reunite  (at  L),  so  that  almost  all  of  the  posterior  root-libers 
(deciissated )  again  tic  together  in  the  fillet  or  the  intermediary  layer  of  the 
olive.  The  further  course  of  these  libers  to  the  cerebral  cortex  is  dis- 
cussed on  p-  801.  A  portion  (5*  of  the  fibers  of  the  posterior  root.'^,  which 
are  not  connected  with  the  oells  of  the  spinal  ganglia,  terminate  in  the 
cells  of  the  column  of  SlilUng  and  Clarke,  wluch  are  at  the  same  time 
the  trophic  centers  fur  those  fibers  The  fibers  turn  outward  from  the 
cells  and  ascend  in  the  lateral  cerebellar  tract.  Their  further  course  is 
upward  to  the  rcstiform  body,  and  thence  to  the  cerebellum.    These 
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fibers  are  concerned  in  the  regulation  of  equilibrium,  and  their  superior 
path  of  conduction  is  situated  in  the  cercbclluin.  In  cases  of  tabc3  these 
tracts  and  the  columns  of  Stilling  and  Clarke  are  often  degenerated. 

In  the  human  brfun  the  sensor)'  conducting  path  for  the  tactile  and  the  mus- 
cular sense  (continuation  of  the  posterior  roots  And  the  direct  ccrcbcllnr  tract) 
develops  first.  This  pasMS  irom  ih*  nuclei  of  the  poilerior  coltimnB  (Fig,  i$j) 
throuffh  the  thuUmuK  and  the  lenticulu'  nucleus  to  Uie  central  convolutions, 
rspnrially  the  poat^-rior. 

The  circumstance  that  a  portion  of  the  sensory  cutaneous  nerves 
cross  in  the  spinal  cord  to  the  opposite  side  explains  the  fact  that  uni- 
lateral division  of  the  spinal  cord  in  mnn,  and  in  apes,  abolishes  cutaneous 
sensation  upon  the  opposite  side  of  the 
body  below  the  level  of  the  lesion,  while 

the  muscular  sense  is  preserved.     Upon 

the  side  of  the  injury  hyperesthesia  is  /      "^BM  ^^-L* 

present  below  the  level  of  the  section. 

From  experinicnta  on  mantmals  Brown- 
Sjquanl  concluded  that  the  decussating 
sensory  n«r%c-til>crs  cross  in  the  spinal  cord 
to  llic  opposite  side  at  various  levels— tin- 
fibers  UiAt  transmit  tactile  sensibility  at  the 
lowest  level,  then  those  thnf.  trnntmit  xentia- 
ttonfi  of  tickling  and  pain,  and  at  the  highest 
level  those  that  transmit  thermal  impressions. 

All  of  the  titters  that,  [nirsuing  a 
longitudinal  course,  connect  the  spinal 
cord  with  the  medullary  mass  of  the 
cerebrum,  thus,  as  a  rule,  undergo  com- 
plete decussation  in  their  course.  There- 
fore, in  man  the  result  of  a  destructive 
lesion  of  one  cerebral  hemisphere  is  gen- 
erally complete  paralysis  and  abolition 
of  sensation  upon  the  opposite  side  of 
the  body.  Also  the  fibers  arising  from 
the  nuclei  of  origin  of  the  cerebral 
nerves  decussate  within  the  brain. 


K/unic- 
ffraf. 


■SJiimU. 


^fS 


».a 

B.S' 


t.A 


JTttflrP 

fta.  lii.^Coune  «t  lb*  Snuori  Hbrn 
Irnm  Ou  Paasior  Rooli  ihrouah  Ihr 
5piiu1  Conl  4p*4/d  In  <bq  Crrcbruni 
Thf  upluialian  ol  Ih*  6\itn  oill  be 
dtfiT  {com  lh(  dnKliplitin  in  ihr  tml. 
tad  with  ii  als)  Fit.  n6  ibould  be 
eompuHl:  Ak.  anitrior  not;  P-X, 
poawrvic  moi ',  r.Cgn>uiiil-buDdl<<ii 
thp  aniwior  rolumn;  ly  Y  nnwrCor 
piTd.iiud>l  ma.  fyS,  lilml  pvrua- 
idil  trad.  G  S,  uroiinil-liunillf  of 
lh«  Urrfai  dttumn;  A'J.V,  cprrbfrlUr 
iratl  ol  Ihr  liilcul  ciiumiiL  G.  olonffl 
ciCclI-.  /<,  mliinin  al  HuHirh^  Py. 
py[inu&,  (",  aUvi;  i..  filki  uc  ialei- 
RiMiirv  li-vrr  ill  Ihr  ••live,  hlir* 
■miBMr;  rrHirorm  ixtAy;  nuiilm  d( 
thr  4lpr>df r  fidrjnin  jiml  nuclru^  irf  Ihr 
<uqtalc  ^olucna  oE  (ha  cnod^iila  ab- 


Only  in  those  cases,  not  rare  it  is  true,  in 
which  the  Icsirm,  as  frum  pressure,  inflamma- 
tion, etc..  involve*  the  ecreoral  nerves  «luated 
at  the  base,  are  paralysis  and  BiicsthcAia  ob- 
servL'il  on  the  same  side  of  the  ht-ad, 

Particulars  as  to  the  site  of  decussation 
have  already  been  6tatcd.  Dccuasation  i&kea 
place  (i)  in  the  »pinal  cord,  (2)  in  the  medulla 
oblongata,  and  finally  (3)  in  the  pons.  Decus- 
sation is  already  complete  in  the  peduncles,  Gubler  observed,  in  ease*  of 
unilateral  injury  of  the  pons,  paralysis  of  the  facial  nerve  on  the  same  side,  but 
paralysis  of  the  body  on  the  oppusite  $tde.  From  this  he  concluded  that  the 
nn'veg  from  the  iruuk  must  undergo  decussation  below  the  pons,  the  facial 
fibers  within  the  pons.  Such  rare  instances  are  desisnatcd  alternating  hemiplegia. 
The  conditions  are  made  clear  in  Fik  2$$. 

Exccpliors  U>  decussation  are  formed  by  the  olfactory  ner\-es.  which  do  not 
decussate  at  all  ('),  and  the  optic  nerves,  which  decussate  only  partially  in  the 
chiasm. 


748 


THE   MBDDLLA  OBLOSCATA. 


THE  MEDULLA  OBLONGATA. 

The  medulla  oblongata,  which  connects  the  spioal  cord  with  the  brain, 
resembles  the  cord  in  many  respects,  particularly  from  llie  fact  that  it 
contains  centers,  which,  like  those  in  the  spinal  conl,  convey  simple 
reflexes  (for  example  that  of  closure  of  the  eyi-lids).  Further,  it  contains 
centers,  however,  that  occupy  a  controlling  relation  to  centers  of  a.nalo> 
gouB  (unction  in  the  spinal  cord;  for  example  the  centers  controlling 
the  vasomotor  ner\'e5.  the  secretion  of  sweat,  dilatation  of  the  pupils,  tlie 
reflex  nioventeiils  of  the  body.  With  reference  to  the  irritation,  some 
of  the  centers  are  reflex,  others  automatic. 

The  nonnal  function  of  the  centers  is  related  to  the  gaseous  inter- 
change maintained  by  the  normal  circulation  in  the  medulla.  If  this 
is  interrupted  by  asphyxia  or  sudden  anemia  or  venous  stasis,  the  centers 
are.  at  first,  thrown  into  a  state  of  increased  irritation,  bcin^  later  par- 
alyzed by  overstimulation.  Overheating  also  acts  as  an  imtanl  to  the 
centers.  Not  all  of  the  centers  are  active  at  the  same  time  and  they  do 
not  all  exhibit  the  same  degree  of  irritability.  In  the  normal  Iwdy  the 
respiratorj'  and  vasomotor  centers  arc  in  constant  rhythmic  activity. 
The  cardiac  inhibitory  center  is  in  some  animals  not  continuously  irri- 
tated ;  in  others  slight  stimulation  occurs  normally  only  with  inspiration 
(in  conjunction  with  stimulation  of  the  respiratory  center).  The  spasm- 
center  is  not  irritated  at  all  under  norma!  conditions,  and  the  respiratory 
center  nnt  during  intrauterine  life.  The  medulla  oblongata  is,  as  the 
seat  of  many  centers  of  importance  with  reference  to  the  maintenance  of 
life,  as  well  as  for  the  transmission  of  various  ner\'e-paths.  of  the  greatest 
significance.  The  details  are  considered  in  what  follows.  The  reflex 
centers  will  be  considered  first  and  then  thv  automatic  centers. 


REFLEX  CENTERS  IN  THE  UEDULLA  OBLONGATA. 

The  medulta  oblongata  contains  a  number  of  reflex  centers  that 
permit  the  execution  of  coordinated  movements. 

The  coilcr  fcr  dostire  oj  ttte  eyrliiis.  The  scnsor>'  fibers  of  the  trigem- 
inus to  the  cornea  and  the  conjunctiva. as  wt?ll  as  the  skin  in  the  vicinity 
ot  the  eye,  conduct  ccntripetally  the  impressions  received  to  the  medulla 
oblongata,  where  they  are  transferred  to  the  motor  path  of  the  facial 
branch  that  innervates  the  orbicular  mu.icle  of  the  lids.  The  center 
extends  from  about  the  middle  of  the  ala  cincrca  upward  to  the  posterior 
margin  of  the  710ns. 

Intense  illumination  of  the  eye  also  causes  closure  of  the  eyelids 
through  the  intermediation  of  the  Optic  nerve.  The  stimulation  passes 
through  the  quadrigeniinaie  bodies  to  the  center. 

Reflex  clomire  of  the  cvcUds  Ukca  place  in  mati  always  on  both  skJm.  tui 
voluntarily  the  eyelids  cm  )k  do»cd  on  on.-  dHc  On  inwnw  irniauon  the  c*>r- 
rujjator  and  ibc  musck-gixnip  Hut  cIcvntM  Ihi^  nose-  and  tbc  chi-ck  >^™  the 
lowrr  m.irsin  of  the  orbil  also  coiuract  xn  order  t"  swrnnr  more  wrfcci  Pr««;t'«n 
and  clfMure  of  the  eye.  Tho  duration  of  voluntary  and  rcflcsi  closure  ol  »«  «>•*- 
Itdi:  is  irnm  0.3  to  0.45  second. 

The  ceHterforsnuamg.  The  centripetal  path  is  thrmigh  tlje  inner 
nasLal  branches  of  «ie  trigeminus  and  probably  also  through  i.^e  olfactory 
nerve  (for  strn  "  \  The  motor  path  leH<ls  to  the  expiratory  mo»- 
cles.     Sn  practised  voluntarily. 
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The  center  jor  ccu^ing,  according  to  Kohts.  is  situated  above  the 
inspiratory-  center  and  is  excited  centripetally  through  the  sensory 
branches  of  the  vagus.  The  centrifugal  fibers  arc  the  expiraton*  ncrveb. 
including  the  constrictors  of  the  glottis. 

The  fhonation-ntiifr-  The  center  for  the  eonlrol  of  the  voice-mech- 
anism is  situated  from  the  origin  of  the  vugus  upward  to  the  <^dri- 
getninate  bodies.  New-born  animals  from  which  the  brain  was  removed, 
with  preservation  of  this  portion  of  the  brain,  are  stili  able  to  cry. 

The  center  jor  (fte  movenutils  of  stuking,  as  we!!  as  of  cfteu^tng.  The 
centripetal  nerves  are  the  sensory  fibers  of  the  mouth,  including  those  of 
the  lips  (second  and  third  divisions  of  the  trigeminus  and  the  glosso- 
pharyngeal). The  motor  nerves  for  the  movements  of  sucking  are  the 
iaciat  (the  lips),  the  hjTJOglossal  (the  tongue),  the  third  division  of  the 
trigeminus  (elevator  of  the  lower  jaw  and  the  branches  of  the  depressor 
ol  the  lower  ^aw).  After  transitor)-  (by  cocain)  or  permanent  paralysis 
of  the  trigeminus  the  sucking-reflex  ceases.  The  same  motor  nerves  take 
part  in  the  act  of  chewing,  but  the  action  especially  of  the  hypoglossal 
for  the  movement  of  the  tongue  and  of  the  facial  for  that  of  the  buc- 
cinator is  necessary  to  keep  the  food  between  the  teeth, 

The  center  for  the  secrctioti  of  saliva  is  situated  on  the  floor  ol  the 
fourth  ventricle,  and  can  be  stimulated  reflexly.  Irritation  of  the 
medulla  oblongata,  when  the  chorda  tympani  and  the  glossopharyngeal 
nerve  are  preserved,  causes  active  secretion  of  saliva;  a  lesser  amount  of 
secretion  when  these  nerves  are  divided;  and.  linaUy,  none  at  all  when 
the  cervical  sympathetic  also  is  destroyed. 

The  catlcr  jor  ihe  act  of  titj^.tiUlion  is  situated  on  the  floor  ot  the 
fourth  ventricle  above  the  respiratory  center  and  is  stimulated  through 
the  sensory  ner\-esof  the  palate  and  the  pharynx  (second  and  third  divi- 
sions ot  the  trigeminus  and  the  vagus).  The  centrifugal  path  is  through 
the  motor  branches  of  the  pharyngeal  plexus.  Irritation  of  the  glosso- 
pharyngeal docs  not  cause  swallowing,  but  rather  inhibition  of  the  act 
of  deglutition.  On  the  other  hand,  every  act  of  swallowing  excited  by 
irritation  of  the  palatine  nerves  or  the  superior  laryngeal  nerve  causes 
rapid,  abortive  contraction  of  the  diaphragm  (deglutitiunal  brt-athing). 

The  cfiitcr  for  voinitins  i.s  discussed  on  p.  jSi.  The  relations  be- 
tween certain  branches  of  the  vagus  and  the  act  of  vomiting  have  been 
pointed  out  on  p,  710.  The  center  may  be  set  into  activity  by  direct 
apphcation  of  apomorphin  or  emetin. 

The  upper  center  jor  the  dilator  mmcle  of  tlie  pupil  and  the  unstriated 
muscles  of  the  ortnt  and  Ikf  eyelids  is  situated  n  the  medulla  otiiungata. 
The  pupillary  libers  passing  through  the  trigeminus  arise  from  the  origin 
of  this  nerve  and  downward  as  far  as  the  second  cervical  nerve  (in 
the  rabbit).  Anastomotic  filters  pass  from  this  point  downward  through 
the  lateral  columns  of  the  spinal  cord  to  the  ciliospinal  region,  and  thence 
through  the  three  or  four  uppermost  thoracic  nerves  into  the  cervical 
sympathetic.  The  center  is  normally  stimulated  reflexly  by  cutting 
of?  the  light  from  the  retina.  It  is  irritated  directly  by  states  of  the 
blood  causing  dyspnea  or  by  occlusion  of  the  carotids, 

The  center  may  be  irritated  reflexly  also  by  stimulation  of  sensory 
nerves  of  the  trunk  (.sciatic).  These  fibers  pass  (from  the  sciatic) 
through  the  two  lateral  columns  :ip  to  the  center. 

Finally,  there  is  situated   in  the  medulla  a  higher  center,  which 
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ertahlishes  a  coanectton  among  the  various  centers  fur  the  ref1exe<i  in  the 
spinal  cord.  When  Owsjannikow  divided  the  medulla  6  mm.  above  the 
faUnmsscriptorius  (in  rabhiwl.  the  general  reflexes  of  the  body,  in  which 
the  anterior  and  the  posterior  extremities  took  part,  persisted.  When 
the  section  was  made  i  mm.  lower,  only  partial,  local  reflexes  usually 
appeared.  The  center  extends  upward  to  a  little  above  the  lower  third 
of  the  medulla. 

In  the  frog  the  medulla  contains  the  sole  center  for  movement  from 
place  to  place,  Division  of  this  abolishes  such  movement  in  response  to 
external  irritation  and  only  simple  reflexes  remain,  but  no  reflex  move- 
ment, such  as  jumping,  crawling,  swimming. 

PalboloEicml. — The  medulla  oblonj^atA  may  be  f-he  s«at  of  a  t)^)^^!  disease 
dnignaled  bulbar  paraJysfs.  nr  glossop)>ar>'nKoUbiat  parahus,  ntiended  vrith 
proxreitttivc  jiitr&ly.iis  of  tne  Imlbar  (ImlhiiH  r)»irhilicu»,  mciliillft  obloiijrata)  nuclei 
of  various  ceicbinl  nciri-*,  wJuch  often  represent  the  motor  segments  oi  important 
reflex  mccbonitins.  J'roui  tbc  latter  point  of  view  the  clinical  picture  ucscrwa 
conndcration ,  Generally,  the  di&order  bcgim  with  paralysis  of  tUc  tongue,  at- 
tended with  fibrillarv'  iwitchtrjr.  in  consequciiM  of  which' ip*ech,  the  fomiKtion 
of  the  boltia,  and  Rwallowing  in  the  mouth  arc  reiulen-d  <Iilt:cult.  The  Krerctioa  of 
an  extmncly  viscwus  saliva  itulicates  an  inability  to  secrcTe  a  water)-  saliva  by 
reason  of  paralysis  of  the  facial  n*r\'e.  Further,' swallowing  is  rendwed  diflicuu 
or  even  impossnble  in  consequence  of  paralysis  »f  the  i)har>'nx  and  the  palate. 
As  a  result  of  the  latter  the  formation  of  comtonancs  ix-twee^  the  tongue  and 
the  soft  palate  is  interfered  with;  speech,  funhcr,  becomes  nasal:  aid  ofieti 
especially  fluid  articles  of  food  enter  th«  narea  on  efforts  ai  swallowing.  Then,  tlie 
fociaj  branches  for  the  lips  become  paritlyzcd.  The  mimetic  expression  of  the 
mouth  is  cxtremt-ly  ehanictcristic,  "as  if  frozen  isliff,"  and,  at  the  tame  lime, 
in  conspquencr  of  iioriBontal  enlargement  of  thi?  opening  of  the  mouth  (as  the 
orbiculans  oris  eapecially  is  paralyied),  marked  by  u  laenmosu  appearance. 
Later  on.  ij)eecb  iwcome*  more  grpatly  interfered  with.  When  the  disr>rdcr  is 
marked,  all  of  the  musck'S  of  the  face  are  paralviit'd.  Under  such  circumstances, 
tlie  laryngeal  mu.<icle5  are  not  rarely  paralyzed,  so  that  phonation  is  abolished, 
and  the  reaily  entnince  of  fluid*  into  the  larvnx  is  favored  The  enormous  rv 
tardation  of  the  putse-Wat  often  present  indicates  irritation  of  the  cardiac  in- 
hibitory fibers,  derived  from  tlie  accessory  nerve.  If.  later  on,  atlaeks  of  dyspnea 
Occur,  such  as  havt  been  ol»erved  after  paralysis  of  the  recurrent  ner^-c.  or  such 
as  are  constant  after  section  of  the  pulroonaiy-  branches  of  the  vagi,  death  may 
take  place  suddenly  amid  signs  of  asphvxin  If  the  attacks  become  more  severw 
and  more  frequent.  Rarely,  the  clinical  picture  is  eompltcatcd  by  paralysis  of 
tlie  muscles  of  ma&lication  (in  consequence  of  paralysis  of  the  motor  poinion  o( 
the  lifth  ncr\'e),  contractjini  of  the  ntipils  (in  conH-quencc  of  par^ilysis  of  the 
dilator-center)  and  paralysis  of  the  abducens  nerve. 

THE  RESPIRATORY  CENTER  AND  THE  INNERVATIOH  OF  THE 
RESPIRATORY  APPARATUS, 

Flourens  determined  the  position  of  the  respiratory  center  in  the 
medulla  oblongata,  behind  the  point  of  exit  of  the  vagi,  on  either  side 
of  the  posifrior  extremity  of  llic  floor  of  the  fourth  ventricle,  between 
the  nuclei  of  the  vagus  and  accesson,-  nerves.  He  designated  this  the 
vital  point  or  naiid  i-ital.  because  its  destruction  is  followed  at  once  by 
arrest  of  respiration  and  therefore  by  death.  The  center  occupies  ex- 
actly the  same  situation  in  man,  as  Kehrer  has  demonstrated  in  a  per- 
forated new-born  child.  The  center  is  bilateral,  and  it  can  be  divided 
by  a  median  section,  the  respirator)'  movements  continuing  symmet- 
rically upon  both  sides.  H  one  vagtis  is  divided  the  respiration  be- 
comes slowed  u]»tm  the  corn:s|^>oiuiing  side,  If,  however,  both  vagi  are 
divided,  the  breathing  is  unciiual  in  Ire<juency  and  vigor  on  the  two 
sides  of  the  body,     IrritAtion  of  the  central  stump  of  on«  of  the  two 
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divided  vagi  causes  arrest  of  respiration  only  upon  the  corresponding 
Mde.  while  respiration  continues  upon  the  other  side.  The  same  result 
is  brought  aliout  i(  tlie  trigeminal  nerve  ujKtn  one  side  is  irritated-  On 
unilateral  transverse  division  of  the  center  tlie  respiratory  movement 
ceases  upon  the  side  of  the  injurj-. 

According  to  SchiH  the  ropii-dtory  center  is  sitUAtrd  nvAr  the  IfttersJ  nxargin 
of  the  gray  matt«r  forming  th«  floor  or  the  fourth  ventricle,  extending  poctcriorly 
not  so  far  as  the  ala  cinorea.  According  to  Gierke  and  Heidonhain  and  others 
that  pwrliiiii  <it  ihc  mcilullii.  (]<-Ktructi()no(  which  if.  fiillowrd  livci'niJitkm  of  rc«|)irii- 
tory  movement  is  a  single  or  double  nerve-like  etrand,  passing  dow-nwanl  in  the 
substance  of  ihc  medulla,  within  which,  however,  gray  malicT  with  small  ganglia 
it  found.  This  i»  said  to  be  conKtiluted  in  pan  of  the  rooi«  of  the  v»kii!i.  iri- 
gcminus.  acceiwory  and  glossopbaryngenl.  connt-cu-d  wiih  those  of  the  oj>po- 
sitc  side  by  means  of  libers  and  exicndirg  downward  into  the  eervieal  enlarec- 
meal  of  the  spinal  cord.  The  etrand  thus  cuiinectii  as  nn  intcrcenlml  bundle 
the  spinal  eord  (the  soat  of  ort^n  for  the  motor  respiratory  nerves)  with  the  nuclei 
of  origin  of  the  cerebral  rmrvts  named,  the  relations  of  which  to  the  respiratory' 
movements  am  in  part  demonstrated 

It  Is  most  probable  that  the  dominating  center  thai  controls  the  rhyihni 
and  the  symmetry  of  the  rcniiiratory  movr-menU  :»  tttualed  in  thr  meilulli  ob- 
lonsata.  but  that  in  additinn  Qther  centers  of  subordinate  importance  are  situated 
in  tiic  spina)  cotd  and  arc  controlled  by  the  center  m  the  mrduUa,  recrivinj;  their 
impulse  to  activity  from  that  center.  If  in  new-born  luiinials  the  cord  i*  divided 
below  the  medulla  by  means  of  fin  cxceedintdy  ;harp  instrument  rcspirator>'  move- 
ments of  the  chcKt  will  occAsionnlty  persist,  from  stimulation  of  the  spinal  cen- 
ters, an  observatioit  that  Landois  was  able  to  conHrm  in  young  dogs  and  eats. 

The  spina!  respiratorj'  centers  are.  moreover,  susceptible  even  to  reflex  in- 
llMeiices  (excitation  or  inhibition).  NitM:hm»nn  divided  the  tipinal  center 
situated  in  the  u[>per  cervical  cord  by  means  of  a  longitMdinal  section  into  two 
equal  parts,  both  of  which  then  had  an  excito-respiraton,'  influence  upon  the 
diaphragm  upon  caeh  side,  even  thinigh  the  medulla  just  Iwlow  the  calamus 
scnptorivis  had  been  dindcd  upon  one  side.  Accordingly,  the  spinal  centers  of 
bolli  Bidea  mitsi  be  connected  in  the  spinal  cord  [rritation  originating  in  one- 
half  of  the  center  in  the  medulla  may  tnu4  affect  the  spinal  centers  on  bvth  sides, 
for  example  the  ongins  of  both  phrenic  ncncs.  The  sptnal  center  for  the  phrenic 
ncr\'e  is  situated  beiween  the  third  and  seventh  segments. 

In  addition  to  the  spinal  cord,  the  brain  also  contains  subordinate  cerebral 
taptrjitory  centtn.  In  the  tisitue  Ix^tween  th<i  ulriate  Ijocjy  and  thi?  i>ptic  thalamus 
I,  Oil  found  a  center,  irritation  of  which  markedly  infrcased  the  nimiber  of  respira- 
tions. On  destruction  of  this  center  the  dyspneic  respirator)'  accetefjilion  Oitai- 
dyspnea)  induced  by  heal  ceases. 

In  the  of>iic  thalamus,  on  the  floor  of  the  third  ventricle,  ChriaUani  found 
further  a  ^ijccial  tnspiraiory  center,  which  through  Stimulation  of  the  optic  and 
BudIlor>'  nerves,  also  after  prc^'ious  extirpation  of  the  ccrcbnun  and  the  striate 
bodies,  or  also  through  direct  irritation,  c»ukc»  deepcninR  of  inspirsitioin  iind  accel- 
eration of  respiratioii .  and  even  arfc*t  m  inspirntion.  This  injipir.itory  center  can 
be  exliqjated  and  it  cun  then  he  demonstrated  that  a  Cifitrr  cunlroUtig  fxpiraium 
is  situated  in  the  substanei;  of  the  anterior  f|uadri geminate  body  not  far  from 
the  atjueduct  of  Sylvius  Finally.  Uie  poMerior  quudrigeminaie  body  contains  a 
accoiid  cerebral  impMUl^ry  cenur  and  aim  an  inspirator)'  inhibiting  center.  Ob- 
viously all  of  ilu'jie  centers  are  connected  with  the  center  in  the  medulla. 

According  to  Marckwald.  the  regular  rhythm  of  the  respiratory  movenienta 
is  niiiinlaintd,  in  addition  to  the  posterior  quadrigeminatc  bodies,  also  by  the 
scnaor>'  nucleus  of  the  tngcnunus. 

The  restiiratory  center  consists  of  two  central  area!:  engaged  in  alter- 
nate activity;  the  inspiratory  and  expiratory  centers,  of  which  each 
forms  the  motor  central  point  for  the  well-lcnown  group  of  in-sjjiratory 
and  expiratory  muscles.  Tlic  center  is  an  automatic  one.  for,  even  after 
division  of  all  of  the  sensor)'  nerves  that  may  exert  a  reflex  influence  upon 
it.  it  preserves  its  activity.  Tlie  irritability  and  the  stimulation  of  the 
center  are  dependent  upon  the  state  of  the  blood,  particularly  the  amount 
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notfoacsu  or  increMcd  these  if  ainady  pnaent.  Lanfcndorf  oboervinl  in  en 
•eqamcc  of  cWctricaJ.  swdunucal  or  cboncal  imtatioii  (witfa  «alt)  menDr  aa 
cxptraiorr  ellcct.  oa  the  other  haod.  alter  irritaiioa  of  the  cervkjl  mnl  &al^ 
ordioxte  cmter).  ad  tnicnmovy  effect .  Aoconlinc  to  Laborde.  a  MipatkiaJ  learn 
io  tbc  nd^borbood  ot  the  apex  ot  tbe  calamus  acriptornii  cmuata  ancat  of  the 
fetpttaiocy  laawuncMa  o(  a  few  miastaa'  dosaiioa. 

if  ameat  of  the  hoot  ta  oukmI  by  tmtatica  of  tbe  peripbcnJ  itomp  of  the 
diviifed  ra{m,  arrc«t  ol  n«pualioa  for  a  few  acconda  cncuc*  at  tbe  same  tboe^ 
in  conM^ii«nc«  of  the  anaat  of  the  heart,  tranntoiy  aBcmta  eceun,  a»  a  rcablt 
of  which  th«  irhtabiLity  of  tbe  napiistory  center  is  thmtmAed.  lo  that  fcaptfatieB 
rrairi  foe  a  tiiae.  The  obaervations  of  Ablfeld  are  tnoet  remailcable,  in  vhieb  m 
^Mte  of  abofation  of  the  action  tA  the  heart  in  the  Dew*bon  the  nspuatoc?  mow- 
nenti  stiU  penlsted.  aa  in  dogs  after  poiMcuog  with  antiar. 

Hrtcivacc  faaa  already  been  maoc  to  the  KTcai  carTcspondcnce  in  the  rtgdim- 
titm  of  tbe  fcajaratory  and  tbc  inteatinal  nervoua  sjrateaoa  (p.  lU). 

In  addition  to  direct  irritation  of  the  respirator)-  center  locally,  il 
may  be  in&ucnccd  also  by  the  will  and  rcflexly  through  a  number  of  cen- 
tripetal nerves. 

Through  the  v/ill  it  is  possible  to  suppress  the  breathing  for  ooly 
a  short  time,  that  is  unlil  the  increased  vcnosity  of  the  blood  exdtcs  the 
respiratory  center  to  renewed  activity.  The  number  and  the  depth  of 
the  movcmcntfi  can  be  increased  for  a  considerable  time;  in  addition  the 
will  has  an  influence  upon  the  rhythm.  The  influence  of  the  cerebral 
ccRtex  u[)on  the  ret^>iration  is  considered  on  p.  7^. 

The  rcfpirator>-  center  caji  be  influenced  reftexly.  and  there  are 
both  excitor  and  inhibitory  nerves.  The  nerves  through  which  the 
respiratory 'enter  is  stimulated  rcflexly  are  contained  in  the  pulmcmaiy 
branches  oi  the  vagus,  also  in  the  sensory  nerves  of  the  eye,  the  ear,  and 
the  skin.  Under  normal  conditions  their  action  preponderates  over  that 
of  the  inhibitor.'  nerves.  Thus,  for  example,  a  cold  bath  makes  tbe 
respirations  deeper  and  thus  causes  moderate  acceleration  of  pulmonary 
ventilation. 


4 


tnfittetKf  of  tht  Vagtu. — Division  of  the  vagus  on  both  sides  causes,  in  con- 
■equcnce  of  removal  of  the  inHuMicc  of  these  btiinulating  titrere.  tlowing  of  tbe 
mpiratory  movcmcnta-  Under  such  circumstancv*.  the  entire  amount  of  air  cx- 
chanf^d  rtmams  for  n  time  unchnngcd,  but  respiration  is  deepened  *nd  tal:es 
place  with  exoi;«sive  and  inadequate  inspiratrMy  cflort.  In  agreemt-ni  witb  exfen- 
mentaj  MtcUon,  subsequent  feeble  letanteing  irritation  of  the  central  stump  01  the 
vagus  is  a^ain  folluwod  by  acceieration  of  the  rospiretory  mo\'cmcRts.  Mon 
nuurked  irrttation  causes  arrext  of  breathing  in  inspiration  or  (particularly  when 
the  ncr\'C  is  cxhausiedl  in  expiration.  Irritation  of  the  sensory  iicr%-c!i  of  the 
thoracic-  and  abdominal  wall  causes  rctiirdation  of  brcathinjr  when  txith  vasi  are 
divided. 

Accurding;  to  l.«wandow*ky  sligfit  irritation  of  the  central  stump  oE  the  vagus 
by  Ririms  wf  mdiitcil  currents  causes  diminished  depth  of  inspiration.  Then,  as 
the  streiipli  of  tlw  current  is  increased,  rcsjnration  becomes  accelerated-  A  still 
Stranger  irritation  cauMC  the  thorax  to  nNfume  the  innpirator)'  positioo,  then 
amat  in  inspiration  and  finally  irregular  restlessness  of  the  rcBpiralcry  move- 
ments  If  the  conUaHl  cuffCit  Ijc  employed,  closure  of  an  ascending  cturent  or 
(in  chloral -narcosis)  an  tinintemiptrd  ascending  current  applied  10  the  central 
atujnp  of  ihc  vagus  causes  arrrst  of  breathing  in  expiration  or  sloivini;  of  the 
reapiraiory  rhythm  (inhibitory  efTccO:  while  an  interrupted  descending  current. 
oa  well  ns  closure  of  desceiulinK current,  cause  urrcsi  of  breathing  in  mspiratioa, 
or  ttccclemiion  of  breathing  (stunulatinc  •:ilect}. 

Ck^mttai  irrifntitm  of  the  ^i>nirn)  st'inip  <rf  the  vagus  by  means  of  sodium 

-  ry  arrpBt  i>f  tirralhiBg.  Momentary 
cd  irritation,  cxpimtory  cRccts  The 
'  M>  1  rji-  ;.]ii'_'ii;iijBt  rool-bundles  of  the  centers  ol  the 
tunlh,  tenth  "vr^  in  the  rabbit. 
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It  oDc  lung  is  atelectatic  (devoid  of  air) .  the  pulmoauy  tibcrs  of  tlic  vaeua 
of  the  same  side  arc  inirrita'bic.  Section  of  the  vapis  upon  the  aide  of  the  hvalth;^ 
lung  a«ts.  therefore,  in  the  same  way  as  section  of  both  vagi. 

The  inhilnUfry  fibers  which  act  upon  the  center  for  the  respirator)* 
movements  pass  in  the  superior  and  inferior  laryngeal  nerves  to  the  res- 
piratory center.     The  recurrent  fibers  are  inactive  in  deep  narcosis. 

Even  flirecl  ciecmcal,  mechnnical  or  chetiiieal  irritation  of  the  cfntfr  itself 
may  inhibit  ri'Sptriition.  |K-rhai>«  hpcii;iBe  the  irritaiion  aflccts  the  central  ex- 
tremities of  ihL'  inhibitorj'  fiber*  at  their  point  of  entrance  into  the  ganglia. 

Irritation  of  the  inhibitory  fibers  or  their  central  stumps  causes, 
thei'cforc,  slowing  and  even  cessation  of  breathing  in  expiration.  Ir- 
ritation also  of  the  nasal  branches  of  the  trigeminus,  and  the  orbital 
branches,  as  well  as  the  oIfaetor>*  and  the  glossopharyageal,  catises 
arrest  of  breathing  in  expiration,  as  does  also  irritation  of  the  pulmonary 
rtbers  of  the  vagus  by  the  introduction  of  certain  irritant  gases  into 
the  lungs,  Chemicnl  irritation  of  the  trunk  of  the  vagus,  by  means  of 
weak  solutions  of  sodium  carbonate,  induces  csjicnially  expiratory  inhibi- 
tion of  breathing;  mechanical  irritation  (rubbinj;  with  a  glass  rod),  in- 
spiratory inhibition.  Also  the  irritation  of  sensory  cutaneous  nerves, 
particularly  of  the  chest  and  the  abdomen, for  example  by  a  sudden  cold 
douche,  and  sX^o  of  the  splanchnic  nerve,  causes!  arrest  in  expiration,  the 
former  often  after  preceding  clonic  spasm  of  the  respiratory  muscles. 
The  influence  of  irritation  of  sensory  nerves  upon  respiration  is  in 
genernl  widely  distributed,  thus,  for  example,  that  of  the  sensory-  fibers 
of  tlic  phrenic  nerve,  the  heart,  the  aorta,  the  abdominal  viscera.  The 
slowing  of  the  respiration  in  conjunction  with  pressure  upon  the  brain 
is  particularly  noteworthy,  the  breathing  not  rarely  becoming  labored 
and  stertorous. 

In  man  irritation  of  the  natal  mucous  membrane  in  inspiration  causes  at 
first  inhibition  of  breathing  in  the  phase  present  at  the  time;  then  follows  {nspira- 
Iton.  During  the  ptritHl  of  rellcx  slowing  of  respiration  the  amount  of  work 
pcriormccl  by  the  respiratory  muscles  i*  altered,  and  particul;irly  the  work  in  the 
t]ow  respirations  is  increased  through  (ruitlesj  eSorts  at  inspiration.  On  the 
other  hand,  tl  hus  been  found  that  the  volume  of  giucs  interchanged  in  the  lunijii 
remains  the  same  during  corresjiondinc  ix-riodB.  and  that,  also,  the  respiratory 
iTiterchange  of  ga.tes  is  at  hr*i  not  altered  threctly. 

Under  normal  conditions  the  pulmonary  branches  ol  the  vagus  appear 
to  affect  the  respirator)'  centers  through  a  mechanism  of  self-regulation 
in  such  a  manner  that  the  inspiratory  dilatation  of  the  lungs,  and  the 
asiioci.'ite<l  rarefaction  of  the  contained  air,  exerts  a  mechanical  irri- 
tation upon  the  ncrvc-fibers  stimtUating  the  expiratory  center  reflexly. 
Conversely,  the  expir.itory  diminution  in  the  size  of  the  hings.  and  the 
resuUmg  increase  in  intrapulmonar>'  air-pressure,  causes  irritation  of  the 
nerve-fibers  passing  to  the  inspiratorj-  center.  These  fibers  are  situated 
in  the  posterior  portion  o(  the  true  trunk  of  the  vagus. 

According  to  Lewnndovesky  there  is  a  special  expiratory  center,  although  in 
normal  hnreathing  the  inspiratory  cenier  alone  is  active,  rhythmically  stimulating 
the  inspiratory  muscles  and  then  peniiiitiue  th<m  to  rehix. 

Dtglutit tonal  hreathivg,  that  is,  a  slight  contraction  of  the  dia- 
phragm after  each  act  of  swaltawing,  occurs  as  an  irradiation  from  the 
irritation  ol  the  swallowing-cenier  to  the  respiratory  center. 

The  Excitation  of  tb«  First  Respiratory  Movements. — Tlie  fetus  im- 
mediately after  birth  is  in  a  state  of  apnea,  as  oxygen  is  abundantly 
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supplied  to  it  thrcmgh  the  placenta.     All  factors  that  interfere  with  this, 
tupply,  therefore  especially  compression  of  the  umbilical  vessels  and  per-] 
sistent  ucerine  i-finiractions,  cause  reduction  of  oxygen  and  increase  of 
carbon  dioxid  m  the  blood,  and  in  consequence  a  state  of  the  bkmd 
results  that  stimulates  the  respiratory  center,  and  with  this  the  im- 
pulse   for  the   Fespirator>'    movement    itscH.      Thus  the  fetus   within 
tlu*  unopened    inembranes    may  be  stimulated  to   respiratory  xno\ 
nrtents.      If  the  facioni   interrupting  the  gaseous  interchange  persistJ 
the  ftttmuiated  rest>ira.tion  becomes  dy&pneic.  and  finally  death  occuraj 
from  asphyxia.     If  the  venosity  of  the  fetal  blood  develops  gradually, 
as.  for  example,  in  case  of  slow,  quiet  death  oi  the  mother,  the  medulla 
oblongata  of  the  fetus  may  die  gradually  without  the  development  of 
re»pirator>-  movement,  without,  therefore,  the  interruption  of  fetal 
apnea.     This  is  a  paralysis  due  to  slowly  insidious  irritation. 

.\ccordinj;ly.  the  rrspiratoty  mo\-cTnenl  «  excited  in  the  medulla  directly  by 
the  dyspneic  state  of  the  blocxl.     Asphyxia  of  tbc  mother  may  have  the  same 
elfect  ai  tomptetaioa  of  the  uinbiltciu  vessela.     lo  such  an  event  the  maieml 
blood  rapidly  becoiscei  waous  and  iibatracts  the  oxyfcea  from  tbe  blood  of  tin', 
(ctua.  in  conseaucncc  of  which  the  death  of  tbc  latter  is  accelerated.     If  tbc  taocbcri 
bas  be«fl  rapidly  asph^'xisted  h\-  earKon  mnnoxid  tbc  life  of  tbe  fetiu  may  btJ 
-ptolRLgBd.  as  toe  carbon-monoxtd  bemoelobiQ  of  the  matenul  blood  natnnll^j 
ean  ramore  no  oxygen  iruux  the  fetal  blood.     When  the  pottoning  takes  plae* 
slowly  carbon  monoud  also  panes  over  ixilo  the  (cial  blood- 
In  many  instances.especially  when,  after  persistent  uterine  contrac- 
tions, the  irritability  of  tbe  respiratory  center  is  already  greatly  en- 
feebled, the  dyspncic  state  of  the  blood,  which  becomes  even  more 
marked  after  birth,  is  not  in  itself  suthcient  to  stimulate  the  respiratory 
movements  in  rhythmic  and  typical  form.     For  this  purpose  there  is 
required  in  addition  irritation  of  the  external  integument,  for  example 
through  lowering  of  the  temperature  on  evaporation  of  the  amnial  liquor 
in  the  air.     If.  also,  in  consequence  of  the  first  movements  that  follow, 
air  has  entered  the  respiratory  passages,  tbe  air  may  exert  a  stimulating 
influence  upon  the  pulmonary  brandies  of  the  vagus. 

Accordinf  to  the  obaervatioas  of  v.  Prcuschen  the  mimulatitm  of  the  retptra- 
lory  center  throueh  tbe  nerve*  of  tbc  external  int«Kuiiicnt  i»  more  elective  than 
that  throueb  the  branches  of  the  vagiis  to  the  n-spir.ilofv  of|>nii.  A1(0  in  Antmala 
that  havo  rteen  made  apneic  by  mcitns  nf  vigorouE  artihcial  respiration,  this  ob- 
server noted  active  resptratorymovctnt^ni-ijettin);  in  after  application  of  eutaneooc 
irritants,  >uch  ac  a  douche  r>f  ccild  viuti-r  Mfehiinical  cutaneotu  trrilantx.  such  as 
friction  or  dapping,  nipport  a(lvanl»Erougl>'  the  stimulatinn  of  the  nqjiratocy 
center,  a>  does  also  doticiiing  with  cold  water  or  irritation  with  the  cicctnc  bnufa. 
If  tbe  placental  circulation  is  conipleiely  intact,  cutaneous  irritation,  however. 
alone  induces  no  rcspiraton'  movements. 

.\rtifi<ial  Hfipiralory  Minfttnetls  in  tkt  Asphyxiaitd. — In  man.  it  it  customary, 
(or  purposes  of  ie«ut>ctlation  in  tbe  prvaeoce  vi  uaphyxia.  lo  pmctive  artificial 
respiratory  movements.  The  Mibjects  under  luch  circumstances  have  usually 
Iteun  EMtlncated,  ttrangulnicd  or  drowned,  or  are  children  been  in  a  state  of  as- 
phyxia (intrauterine  su Ducat i on ) .  The  first  duty  in  the  ptvsenca  of  rach  a  con- 
dition is  the  removal  from  the  air-possagcs  of  'foreign  matters,  such  as  mucus 
or  edematous  fluid  in  tbc  newborn  or  tin-  a^ihyxiaued,  water  in  the  case  of  the 
drowned.  \<y  liiwi-riiij;  ibc  hcftfl :  in  desperiitc  cases,  even  after  irachrniomv.  by 
suction  tbnmgb  on  rlaiitic  catheter  introduced  into  the  opening.  Next.  artttlciaX 
rehpirAtta^MH^^BUtidcftukifi  ut  once.  Various  devices  and  methods  have  been 
dcKcriliG^^^^^^^HP*'^'  bul  Uiii^- cannot  be  coii.-><d<:r(;d  in  detail  bere.     .Utemats 

■'  '■■  .'.■■«^^^^^^C«'-'''i     I  ■> 1-  -■     -"  '  »)Kt\-tiy  RftM-v^-ys  ioterchange,  ean  b* 

i-ix  t>Y  npplic-'«ii'>n  of  the  lint  hand, 
I     <    .  <rtial  aeeubitiif,  ihc  vertebral  column 

l>ciD]t  A<  'tfa  ilie  aid  ui  fluiUble  support)  as  far  as  poouble.     Tbe 
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mouth  if  held  open  untl  thv  tonj^c  (which  vrould  <leprcxt  the  vpiRlottit  liy  (olLinv 
backward)  in  drawn  forward.  Artihct.il  dilatation  of  the  thorrtx  cnn  b«  c^t^cted 
by  stimulating  the  phrenic  nerves  at  suittih!^  intervals  hy  means  of  sponge- 
electrodes  connected  with  an  indttccion-appamtus.  The  eleciradcs  are  placed  in 
the  RtuaLion  of  the  rmteriar  ^rfuce  of  tne  scilvive  muscle,  irritation  of  which 
will  augment  the  in8piriittt>n.  In  desperate  ciuex  air  may  be  blown  directly  into 
the  opened  trachea  through  an  clastic  tube  by  means  of  a  bcUows  or  with  the 
motitn.  Care,  however,  ih  re<|iiiri-d  in  this  connection,  in  order  in  avoid  injury  to 
the  lungs.  Artificial  rcsijiralion  has  a  vivifying  effect  throuKrh  both  the  supply 
oi  oxvEco  to,  and  the  removal  of  eiu-bon  dioxid  from,  the  blood :  therefore  par- 
ticMla'r5'  favoring  the  n>ov^.^ncnt  of  the  blood  in  the  heart  and  in  the  larpe  vessels 
of  the  thorax,  and  ihus  stimulating  the  circulation.  If  the  action  of  Ih*  h«art 
has  nlreadv  euased,  rcnuscitatiun  cniinot  be  hont^d  for.  In  the  case  of  »s[ihvxiAted 
newborn  children  efTorls  at  rcsuscilaiiou  should  not  be  abandoned  loo  early,  that 
is  before  cessation  of  the  heart-beat,  even  if  at  first  they  appear  Iiopeless.  as  the 
medulla  retains  for  a  long  time  some  measure  of  irritability.  Ptluijcr  and  Ziintt 
obBcr\'ed  the  reflex  irritability  and  the  heart-beat  persist  in  the  fcnis  f<ir  several 
hours  after  death  of  ihe  mother.  In  the  case  of  resuscitated  newborn  children  the 
reituadtating  measures  should  Ik  auapcnded  only  after  loud  crying  ha.i  taken  place. 

Reference  should  he  made  here  to  the  remarkable  experiments  of  B4hin,  who 
succeeded  by  means  of  rhythmic  compression  of  the  hwirt  in  conjunction  with 
artificial  respiration  in  resuscitating  animals  (cats)  whose  respiration  and  heart- 
beat had  ceaaed  entirely  (or  forty  mmutes  m  consequence  of  asphyxia  or  poisoning 
with  potoxsium-salts  or  chloroform  and  in  which  the  r'nrotid  pn'Vsun!  had  f»llen. 
The  compression  oi  the  heart  causes  a  sHsht  movement  of  olood  (much  like  a 
feeble  systole);  at  the  same  time  the  compression  acts  as  a  rhythmic  stimulus 
for  the  heart.  The  heart-beat  return*  first,  then  alio  the  n'.ipir«li(ni.  The  resun- 
citatcd  hearl-Hcat  itwlf  causes  inierchonKe  of  air.  After  restoration  of  breathing 
reflex  irritabiliLy  also  returns  and  gradually  likewise  voluntary  movements.  The 
aniiualt  are  blind  fur  a  few  days,  the  biatn  torpid  in  functiuti.  tlic  iiriiie  rich  in 
sugar.  The  experimenlt  show  the  great  import*nce,  m  the  resuscitation  of 
nsphvxi.iled  individuals,  of  iiimultancoiis  action  upan  the  heart. 

Pof  physiological  purfiGSfs  artificial  respiration  is  practised  by  blowing  air  by 
means  of  a  ImIIows  into  a  triiclieal  cannula  provided  with  a  raiall  lateral  opening 
for  the  escape  of  the  expired  air.  If  the  animal  is  at  the  same  time  paralyzed  by 
curare  it  cannot  be  thrown  into  a  state  of  disturbing  restlessness  in  consequence 
of  indeiiendcnt  and  reflex  movements  of  the  muscuhiture  of  the  body 

PalDQlogical. — ^If  the  lung  is  lUstemk-d  with  air,  it  cannot  be  deprived  of  this 
by  direct  compression,  probably  because  in  consequence  of  the  direct  pressure 
ajtecting  the  lung  the  small  bronchi  aru  compresiwd  before  air  can  escape  from 
the  pidnionnry  alveoli.  If.  however,  a  lunjl  be  hlled  with  carbon  dioxid  instead 
of  air  and  if  it  be  suspended  under  water,  the  carbon  dioxid  will  be  absorbed  by 
the  water  and  the  lung  may  thua  become  entirely  airiest  (atelectatic).  The 
occurrence  of  atelectasis  m  certain  portions  of  the  lung  in  connection  with  disease 
of  this  organ  can  be  expl^unet!  in  Ihut  m.imier.  If  broiichi  are  rtccluded  by  mucus 
or  exudate,  marked  accumulation  of  carbon  dioxid  takrs  place  in  the  related 
pulmonary  vesicles.  This  becomes  the  greater  the  more  richly  tlie  blood  in  the 
lungs  (in  consequence  of  the  existing  disease  of  the  lung>  is  itaelf  impregnated 
witn  varbun  dioxid.  If.  finally,  the  carbon  dioxid  is  absorbed  from  the  capillary 
blood  of  the  alveoli,  or  from  the  lymph,  the  at!ectcd  pulmonary'  area  may  become 
atoleclatic, 

Amorc  the  pathological  phenomena  that  are  caused  by  abnormal  (direct  or 
ufiiuilly  rellex)  irritation  of  the  respiraifiry  ci-nier  are  BpaJtm  of  the  ri-Hjiirntorj' 
muBclefl,  inspiratorj-.  expiratory  or  complex  spasm;  also  attacks  of  diminished 
respiratory  frequency  (spanipnea)  or  increased  respiratory  fretjucncy  (pykiiopnea) 
oliserved  in  neurotic  individuals,  logetluT  with  dyspnea  and  a  seiisi'^  of  fear. 

A.i  the  brain  has  relations  to  the  respiratory  movements  the  mudifH-atior  in 
these  movements  in  conneciion  with  cerebral  disorders  are  readily  explained.  The 
paralytic  aiTcctions  are.  as  a  rule,  upon  the  9ame  side  lus  the  paralysis.  Also 
Chcync- Stokes  br>;alhinj£  it  observed. 
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After  remnval  o(  the  irrilailon,  the  hcsn  still  remains  for  a  ihort  time  in 
state  of  rest.  Irritation  ol  the  vasutt  has  thus  an  iii/ii6t'Ji>o'  afur-effftt.  4.  Also 
chcrmical  irritation  of  ihc  center  is  effective;  a  cryslal  of  sodium  clilorid  placed^ 
upon  tltc  iiu-<iulltt  u[  the  frug  inhibits  the  hi-uit-bcat.  5.  If  the  hejut  has 
h<.-vn  arrcsttd  l>y  irritating  ^f  the  vajnis.  it  inak*.-^  a  sin(;k-  cojrdisatcd  contraction 
on  direct  irritation  (for  example  by  a  ncc'dlc-jinck) ,  althixigh  the  contraelions  of 
iJie  heart  in  vague-arrest,  both  after  irritation,  aa  well  as  those  that  ansc  Becondarily 
in  a  poriion  of  the  heart  in  consequence  of  irrilutioii  iti  another  ]>r>r(i(in.  taku 
piftce  with  Kri'iiter  diflic^lty,  csjwrciallj'  in  the  nuheleit  t>.  In  the  water-tiu^ts 
the  inhibiiorv  tihcrs  are,  according  to  A.  B.  Ma>-er,  contained  only  in  the  rlght'^ 
vagus,  Lun^oia  found  this  by  no  means  conslaiit  in  rabhitit.  7.  The  nerve  can 
occasionally  \x  nuixewtfully  .iliniii!nt(-d  mechonicully  nlan  in  human  Ix-ings  bv 
digital  compression  aj^ainst  the  ccrA-ieal  jxTtion  of  the  vertebral  column:  althoucn 
alarming  attacks  of  sviicopc  have  Wt-n  obscn.*cd  to  follow  thin  procedure  and  Krr 
this  reatfun  ita  practice  i«  to  be  eaiiti<med  against.  8.  The  l>chiivit>r  of  the  i-asus 
nerve  in  the  (de«troconie  State  hax  been  considered  on  p.  66^  and  the  contraction* 
law  for  the  same  nerve  on  p.  6(15,  g.  Sehiff  found  that  irritation  of  the  vaguc^ 
in  the  frog  caused  acceleration  of  the  pulse  (through  an  action  upon  the  accelerator 
tibers  coniained  in  the  vagus),  after  he  had  displaced  the  blood  in  the  heart  by 
a  solution  of  ^iidium  cMorid.  If,  xtilwriiui-iitly.  bluod-acTum  is  agiun  inlrodoced 
into  the  hcan.  the  inhibitory  action  of  ine  vagus  is  refitOffwd-  10.  Many  sodium- 
aaltfi,  naturally  in  suitable  concentration,  arc  capable  of  abolishing  the  mhibitory 
action  ol  the  vMri;  while,  convenkily.  potassium-jwilti  possess  the  property  ol 
rcttoriQK  the  inhibitor>-  function  of  the  vagi  suspended  by  the  action  of  sodmni- 
Bolts.  Both  sodium-salts  and  potassium -salts,  however,  can.  after  protnictt-d 
action ,  induce  a  state  in  which  the  festitulion  of  the  suspended  inhibitor^'  function 
of  the  vagi  is  ni>  longer  poecible  Under  such  eircuntutanccs  the  heart-lieat  is 
generally  arrhythmic  1 1 .  If  the  pulsations  of  the  heart  are  greatir  accelerated 
In  eonsequenee  of  high  intracardiac  pressure  the  activity  of  the  cardiac  branches 
of  the  vj.KU'n  is  comncpondingly  diminialied.  Thi-t  ix  the  ea^;  also  in  L-fnuiectinn 
with  the  simultaneous  action  "f  diivct  cardiac  irritants,  The  lc»cned  activity  of 
the  vagus  in  conjunction  with  high  internal  pressure  wiihm  the  heart  occurs  onljrj 
if  the  aurick-B  and  tltc  venous  sinus  (in  the  frog)  aru  at  the  saioe  time  greatly' 
distended,  ii  In  the  frog  reduction  in  temperature  impairs  the  inhibitory  in- 
liucncc  of  the  vaeus.  whjk-  elevation  of  temperature  increases  it.  In  the  rwwbom 
and  in  the  state  ot  hibernation  the  irritation  is  ineffective. 

Among  poisofts  museann  irritates  the  terminations  of  the  va^i  in  the  heart, 
and  it  may  es-rn  cau»  diastolic  arrest,  which  may  then  be  ncutraliied  by  atropin. 
DigitaUn  reduces  the  frequency  of  the  heart-beat' by  imtation  of  the  vagus-ceat«r. 
Doses  of  eouMilrralile  size  dimmish  the  irritability  of  ttie  vagus-center  and  at  the 
same  time  increase  that  of  the  accelerator  ganzlin  of  the  heart,  so  that  the  fre- 
quency of  the  heart-beat  is  increased  In  small  doses  digilatin  also  increases  ibe 
blood -pressure  by  irrilatinn  of  the  vasomotor  center  and  tltc  structures  of  tfaa. 
vessel-walls.  Nicotin  first  stimulules  the  vagus  (and  the  n-sulting  arre«t  can  b(H 
neutralised  by  curare  or  atropin)  and  then  paralyze*  it;  as  doc*  alfto  hydiocyantC 
acid  Atrojii'n  and  curare  paraly/c  the  vagi,  as  do  marked  reduction  in  tempera- 
ture and  high  fcvtr. 


THE  CENTER    FOR  THE  ACCELERATOR  APfD  AUGMENTIMG 

CARDIAC  NERVES  AND  THE   FIBERS  TO  WHICH  IT 

GIVES   RISE. 

It  is  more  than  probafale  that  the  medulla  oMongatJi  contains  a  center 
that,  on  the  one  hand,  sends  to  the  heart  accelerating  iibcrs,  tncreasiag 
the  nunil#r  of  heart -beats,  and,  on  the  other  hand,  fibers  that  incr 
its  systolic  force.  These  pass  from  ilw  meduUa.  in  which  the  exact  sitna-* 
tion  of  their  arigin  has  not  yet  been  determined,  downward  in  the  spinal 
cord  and  enter  through  the  conimtinicating  branches  of  the  inferior  cervi- 
cal and  the  six  upper  thoracic  nerves  into  the  sympathetic.  Thence,  a 
main  branch  of  these  fibers  passes  princiijally  through  the  first  thoracic 
ganglion  of  the  sympathetic  and  the  loop  of  Vietissens,  and  hence  to  iha 
cardiac  plextis.     This  nerve  is  designated  the  accelerator  nerve  of  the 
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heart.  Accordingly,  irritation  of  the  medulla,  of  the  lower  extremity 
of  the  divided  cervical  cord,  of  the  inferior  cervical  ganglion  (stellate 
ganglion),  or  of  the  superior  dorsal  node,  is  attended  with  acceleration  of 
the  heart-beat  and  increase  of  its  strength  (in  the  dog  and  tht-  rabbit); 
or,  if  the  heart's  action  has  already  ceased,  with  renewal  of  its  beat, 
without  change  in  blood-pressure. 

It  is  probable  that  the  Rccclcratur  ncrvcx  and  those  incrrasine  the  sticngth  of 
the  heart  arc  distinct,  both  with  respect  to  their  anaiomical  arrangement,  and 
with  regsrcl  to  Ihcir  Riiscvptibtlity  to  vurioun  puiHon.t. 

When  the  mvdulla  ublungata  or  the  cervical  curd  is  irritated,  the  vasomotor 
nerves  situated  in  tliom  arc  also  irritated.  Jo  consequence,  tho  vcstcls  that 
dfrivp  their  motor  filiera  from  th*  irritated  art-"  coHlruct,  and  ll»e  blood-pre^iire 
is  tnarki'dly  increa*ed,  A«,  however,  the  increase  in  hlood- pressure  alone  cause* 
uccrlLTatiiin  of  the  heart-beat,  the  irritatiim  (iescrilK-il  docs  not  dirrctly  ilemoii- 
strat«  the  existence  of  accelerator  fibers  in  these  central  struc[\ircE.  The  ex* 
peritnent  wotild  be  coavincinK  only  if  before  the  irritation  ii  applied  the  blood- 
premmrc  wrrc  cnormnunly  luwen-d  by  dertniction  n[  the  jjilanchnie  ner\es,  kd  that 
the  former  could  no  longer  exert  aii  accelerating  influence  Indirectly  it  can  be 
dcmotisiTatcd  also  that,  if  all  i>f  the  nerves  of  the  cardiac  plexua.  iliert;forc  also 
the  acccIcmHir  (ibem.  arc  uxtirj'atei] ,  after  irritatitni  of  I  he  inednlla  or  the  ct-rvical 
cord  the  pulse 'frequency  does  not  rise  (in  consequence  of  increase  in  blood -prcvsure) 
in  the  same  desrec  as  before  the  extirpation. 

The  center  is  in  any  event  not  in  a  stale  of  tonic  irritation,  for  section 
of  the  nerve  does  not  cause  slowing  of  the  heart.  Destruction  of  the 
medulla  or  of  the  cervical  cord  itself  likewise  has  a  negative  effect. 
Nevertheless,  in  this  instance  also,  tlie  splanchnic  nerve  must  be  pre- 
viously destroyed,  to  bring  about  marked  lowering  of  the  blood -pressure, 
m  order  that  the  reduction  in  the  numljcr  of  hcart-hcats  that  occurs  in 
consequence  of  the  lowered  blood -pressure  after  destruction  of  the 
cord  shall  not  l»e  incorrectly  interpreted  as  being  due  to  destruction  of  the 
accelerator  center. 

Cardiac  accelerator  fillers  pass,  according  to  the  statements  of  cirlicr 
investigators  and  of  v.  Bezold,  in  |>art  into  the  cen'ical  sympathetic, 
in  part  throxigh  the  vagus  to  the  heart,  and  irritation  accelerates  the 
heart-beat  or  strengthens  the  cardiac  contractions,  or  both.  The  inliib- 
itory  fibers  of  the  vagus  lose  their  irritability  more  readily  than  the  accel- 
erator Hhers,  Imt  they  are  more  irritable  than  the  latter. 

The  libeni  of  the  ra^s  that  infliivnce  the  force  of  the  contractions  ore  situated 
in  the  frog  in  the  nerve*  of  the  septum.  The  acceleration  of  pulse  attending 
increased  muscular  oetivity  is  atlrilnitablc  to  irritation  of  the  accclcmtor  fibers, 
occurring  m  conjunction  with  stimulation  of  the  motor  nerv-es,  while  the  irritation 
of  the  inhibitory  nerve*  is  dimini«hcd.  The  nceeleration  nppcan:  espedallv  in  de- 
bilitated convalcscetils  The  heart,  after  a  period  of  increased  activity,  later 
ranimes  its  nornaal  action.     Practice  in  the  form  of  octivitv  favors  such  resuinption . 

The  cruse*  described  by  Tarctuinoll  and  van  de  Veldc  are  inont  StrikinK-  In 
these,  human  beings  wcreablp,  solely  thrnugh  the  infliience  of  the  will  (at  WJit 
wid  without  alteration  of  respiration),  to  increase  the  number  of  pulse-beats  c\-cn 
to  twice  the  normal. 

Direct  irritation  of  the  accelerator  ner%-c  gives  rise  to  slowly  dc\'eloping  effects, 
which  (hsappear  gradually  after  cessation  of  the  irritation.  I'f  the  vagus  and  the 
accelerator  are  irritated  Bimultaneously.  only  the  inhibitory  action  ot  the  va^s 
maket  its  appearance,  .\econiing  to'  Hunt,  in  the  ease  of  this  simultaneous 
irritation,  the  action  of  that  nerve  appears  which  is  mo«t  rtronolv  irritated.  If 
during  the  activity  of  the  accelerator  nerve,  the  vagus  is  stiddenly  irritated, 
prompt  reduction  lu  the  number  of  heart-beats  occurs,  and  if  the  irritation  of 
the  vaKus  ccJtws  the  acceleration  soon  Incfrns  aijain.  The  activity  of  the  acccl- 
erntor  nerves  (in  the  frog)  is  enfeebled  by  cold  and  increased  by  heat 
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According  to  exprnmcnls  of  Strieker  and  Vtn^aer  section  of  both  vap  in 
the  dog  c&UM«  reduction  in  the  number  of  hcan-bcats  when  tbc  accelerator 
fib«rs  on  both  sides  arc  divided.  This  circumstance  would  indicate  a  &late  vf 
tonic  innervation  of  the  l:ttter. 

Th«  cenler  can  he  stimutnted  rctiexK*  through  irritation  of  the  central  stuntfya 
of  tnany  sensory  nerves. 

THE  VASOMOTOR  CENTER  AND  NERVES. 

The  (icmittatittg  cotter,  which  supplies  all  of  th«  mtiscles  of  tUe  arterial 
system  with  motor  tibcrs  (vasomotors,  vasoconstrictors),  is  situated  in 
the  meduHa  oblongata  at  a  point  in  part  rich  in  large  ganglia.  It  is  j 
mm.  long  and  t^  mm.  wide  in  the  rabbit  and  extends  from  the  region 
of  the  upper  portion  of  the  floor  of  the  fourth  ventricle  to  about  4  or  5  mm. 
above  the  calamus  scriptoriu.i.  Each  half  of  the  body  has  as  its  own 
center,  which  is  situated  2^  mm.  from  the  middle  line  in  that  portion 
of  the  medulla  on  each  side  that  represents  the  prolongation  of  the  lateral 
columns  of  the  spinal  cord  (lower  portion  of  the  superior  oUvc).  Irri- 
tation of  this  central  point  causes  contraction  of  all  of  the  arteries  and  in 
consequence  increase  in  arterial  blood -pressure,  the  veins  and  the  heart 
becoming  distended.  Paralysis  of  the  center  causes  relaxation  and 
dilatation  of  alt  of  the  arteries,  with  enormous  reduction  in  blood-pres-' 
sure.  Under  normal  conditions  the  vasomotor  center  is  in  a  state  ofi 
moderate  ionic  excitation.  Like  the  cardiac  inhibitory  and  the  res-' 
piratory  center,  the  vasomotor  center  can  be  stimulated  directly  and 
reflexly. 

Direct  Stimulalioii  of  the  Center. — In  this  connection  the  amount  of 
gases  contained  in  the  blood  circulating  in  the  medulla  oblongata  is  of 
paramount  importance.  In  the  state  of  apnea  the  center  appears  to  be 
in  a  condition  of  slightest  excitation,  as  the  blood-pressure  is  exceedingly 
low.  With  the  state  of  the  blood  present  tinder  normal  conditions  the 
center  is  in  a.  condition  of  moderate  excitation.  Fluctuations  in  the 
irritation  of  the  center  accompany  the  resjiiratorj-  movements  (Traube- 
Hcring  fluctuations),  as  can  be  seen  from  the  simultaneous  increase  in 
blood-pres  sure.  When  the  blood  presents  marked  venosity.  in  conse- 
quence of  asphyxia  or  insufflation  of  air  rich  in  carbon  dioxid.  the  center 
is  more  activeiy  stimulated,  so  that  all  of  the  arteries  contract,  with 
marked  increase  in  blood-pressure,  and  the  venous  system  and  the  heart 
are  greatly  distended  with  blood.  Under  such  ciTcumstances  the  veloc- 
ity of  the  blood -current  is  increased.  The  same  effect  is  produced  by 
stidden  anemia  of  the  medulla  through  ligation  of  both  carotid  and  sub- 
clavian arteries,  and  likewise  by  sudden  stagnation  of  the  blood  in  the 
presence  of  venous  h\*pcremia. 

The  venoBitv  of  the  blood  thm  always  develops  after  death  causes  quite  eoo- 
Stiuitly  active  stimulation  of  the  vsmamoXot  center,  tut  a  result  of  which  the  arterlei 
are  strongly  contracted.  As.  m  conscqiimcc  of  this,  the  blood  is  driven  to  th* 
capillaries  and  the  veins,  the  state  of  emptiness  of  the  arteries  after  death,  which 
was  familiar  (d  the  uncients,  is  cx|)lained. 

Upon  this  circ\iinstanci:  is  drpcndcni  nlso  the  fact,  an  I..imd<>i5  has  found,  that| 
hemorrhage  from  large  nounds  takes  place  much  more  freely  when  the  vasomotOTj 
center  iu  prL-.icrvetl  than  when  it  h&s  previously  been  destroyed  (in  the  fro^.J 
As  emotional  disturbances  have  a  corrcspondinf;  influence  upon  the  vasomot 
center,  their  intinencc  upon  the  control  of  hemorrhA^c  is  obvious.  Thus,  it 
been  ohser\'ed  in  hysterical  individuals  that  a  wound  yields  only  one-third 
much  blood  as  the  same  condition  in  a  normal  individual.  If  the  hemorrhage  ii' 
'considerable,  the  anemic  irriiatjon  of  the  medulla  may  Anally  exen  a  connricting 
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influence  ■upon  the  bleedinjj  art«ry.  In  this  way  it  to  be  ntpltuned  the  pbeaomcnon 
familinr  to  surgi-oni;  that  dangerous  hemorrhage  often  ccascs  a$  soos  u  anc-tnic 
syncope  occurs,  In  the  frog,  after  ligation  of  the  heart,  alt  of  th«  blood  ig  finally 
dnven  inio  the  veins,  likew:$«  as  a  result  of  anemic  irritation  of  the  medulla 
In  inaininaU  the  equntixatirin  of  the  blood •prcssuru  in  the  BrleriiU  and  the  vnitnii; 
svstcm  that  folium's  exclusion  of  the  hea.rt  takes  place  more  slowly  after  destruction 
than  after  prtscrvalion  of  the  medulla. 

Amwig  ffoisons.  strychnin  slitnulaU's  the  center  directly,  even  in  curarized 
dogs:  and  nicotin  and  calabar  bean  have  ihc  same  ctfcct. 

Iq  animals  in  which  the  center  is  irritated  cluclrically,  it  has  been  found  that 
ttiisle  isductioa-shoclcs  of  moderatv  streii^-lh  are  eifective  only  when  two  or  three 
sboclcs  occur  in  a  second.  Th(?rc  is  ihtis  11  .tiimmntion  of  the  effect*  of  the  indi- 
vidual Klimuli.  The  mnsimum  vasocf-nsthctur  effect,  which  can  be  recognized 
(Torn  the  maximum  blood -pressure,  is  observed  as  a  result  of  from  ten  to  twelve 
strone  or  from  twenty  to  twenty-fi\-v  moderately  strong  shocks  in  one  second. 

The  coMTSt  of  tht  vascfmotor  nervts  is  nich  that  in  part  mcdullaied  and  in  part 
non -medulla  ted  ncrvc-Iibcrs.  partly  mixed  with  ganglion -cells,  pass  to  the  muscular 
coats  of  the  vessels.  They  pass  from  ihi-ir  center  in  pan  directly  through  the 
tract  of  some  of  the  cerebral  nerves  to  their  diiHribuuoii ;  through  the  tTijrcminus 
in  part  to  the  interior  of  the  eye,  through  the  hypoglossus  to  the  tongue,  through 
libers  of  the  vagtis  to  the  heart  and  in  limited  number  to  the  lungs  and  to  the 
intestine*.  All  other  vasomotor  nerves  descend  in  the  lateral  column  of  the  spinal 
eord  (so  that  irritation  of  the  lon-er  extremity  of  the  divided  cord  causes  con- 
striction of  the  vftisels  sup]>1icd  from  a  lower  level),  and  arc  conncctod  within 
the  gray  matter  with  centers  of  subordinate  significance  by  means  of  contact. 
They  make  their  exit  through  the  anterior  roots  of  the  spinal  nerves,  then  pass 
through  the  visceral  branches  inio  the  ganKlia  of  the  sympathetic  cord,  where 
the  ganglion -cells  are  intercalated  in  the  course  of  the  individual  fibers.  In  the 
sympathetic  cord  they  pass  upward  or  downward  and  finally  hence  cither  to  the 
vascular  plexuses  or  throufih  other  visceral  branches  again  into  the  trunks  of 
ap;nal  or  cerebral  nerves  and  from  these  to  the  respective  vcsseU. 

In  detail,  the  distribution  in  the  cerebral  region  is  as  follows:  The  cervical 
division  of  the  sympathetic  fiupplies  in  largest  measure  the  head.  In  its  area  of 
innervation  the  ereat  auricular  ncn-e  in  some  animals  also  supplies  a  number  of 
vasomotors,  which,  in  the  rabbit,  however,  are  derived  from  tne  inferior  cervical 
gaiigliMH  of  the  sjfmpathetic.  The  cerebm]  vessels  are  supplied  principally  by  the 
sympathetic.  Irritation  of  which  slows  the  blood-current  In  tke  small  cerebral 
arteries  and  increases  the  resistance  in  thera;  on  the  other  hand  dyspnea,  as  wrll 
as  adininistratitiii  of  chlorofonn  and  amyl  nitrite,  causes  acceleration  of  the  blood- 
current.  The  nerves  reach  the  cerebral  vessels  not  only  through  the  cervical 
sympathetic,  but  also  through  other  tracts.  ITie  superior  gangUon  of  the  cervical 
sympathetic  supplies  the  thyroid  gland. 

The  upper  extremities  receive  their  vasomotor  nerx'es  through  the  anterior 
roots  of  the  dorsal  nerves  from  the  fourth  to  the  tenth  and  thence  through  the 
sympathetic  cord  to  the  first  thoracic  ganglion  and  from  this  through  viscvral 
branches  to  the  brachial  plexus.  The  vasomotors  for  the  skin  of  the  trunk  are 
derived  from  the  dorsal  and  lumbar  ner\'ea.  The  last  three  dorsal  and  the  three 
uppermost  lumbar  ner%TS  contain  the  fibers  for  the  lower  extremity  {in  the  dog), 
which  first  pass  through  the  sixth  and  ^vcnth  lumbar  and  the  first  and  second 
sacral  Kiui>;1ia  and  then  inter  thL:  trunks  of  tlic  lumbar  and  sacral  plexuses. 

The  lungs  are  supplied  (in  addition  to  a  number  of  fibers  in  the  vagus)  by 
the  first  thoracic  gnnglion.  Ac<:f>fd!ng  Jo  Pp.  Pranck  the  sympathetic  supplies 
vasoconstrictors  to  the  leaser  circulation,  arising  from  the  second  anil  third  dorsal 
nerves.  They  are  stimulated  reflexly  through  irritation  of  sensory  ner^-es  The 
activity  of  the  vasomotors  of  the  lesser  circulation  is  relatively  slight.  In  the  dog 
the  vagus  supphes  the  vasomotors  of  the  limgs. 

The  splanchnic  is  the  most  important  of  all  of  the  vasomotor  nerves,  supplying 
the  abdominal  vi.Kcra.  Ita  vaAOConsCrictor  fiticrs  arise  from  the  fifth  dorsal  nerve 
and  below.  Irritation  of  the  communicating  branchct  between  the  eleventh  dorsal 
and  the  second  lumbar  nerve  causes  marked  dilatation  after  primary-  contraction 
of  the  vessels.  Dilatation  i^  caused  also  by  irritation  of  the  vagus.  Asphyxia 
causes  contraction  of  all  of  the  vessels  of  the  entire  intestine,  the  liver,  and  the 
pancreas.  Irritation  of  smsnry  nerves,  fnr  example  the  crural,  causes  reflex  con- 
traction of  the  vessels  of  the?  smaU  intestine.  Ihc  kidney,  the  spleen,  the  pancreas, 
and  dilatation  of  the  vessels  of  tlie  large  intestine.     Irritatioa  of  the  centripetal 
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fib^n  of  the  vAgi»  onuses  dilatation  of  lh«  vessels  of  th«  int4>«tinc.  the  jxncrtAs 
and  ihe  kidney.  The  vasomotora  of  th<?  liver  are  discussed  ur  p.  313,  those  of 
Uw  kidnL-yx  oii  p.  514.  an<l  thnsc  n(  the  vpleen  on  p.  195.  Tht;  vatomoton  an 
nil  mctlwllat<^  ST'im  their  "rigin  tu  the  evrnputhc^tic  cord. 

In  general  ilie  vessels  of  the  skin  of  the  trunk  and  the  extremilieK  are  inner- 
vated by  iliuse  nerveit  That  supply  tlie  same  parts  &l>o  will)  other,  for  example 
si-tisor>-.  lil>rr». 

The  various  vascular  areas  respond  difTcrcntly  with  re&pcct  to  tlie  intensity 
of  the  action  of  liiv  va&onioitirs  'nicdcaffcci  in  srialcst  dcRrce  llic  vessels  of  the 
pniphcml  purtioiis  ui  the  body,  (or  example  the  tocK.  the  fin);er>.  ttic  «ars,  less 
mnrkcdiy  th«  central  arta*.  for  example  the  lecncr  circulation. 

Rcfh'x  ^limuialion  of  ihf  Cetiicr. — The  most  varied  centripetal  nerves 
contnin  fibers,  irritation  of  which  has  an  inflnenoe  on  the  vasomotor 
center.  Irritation  of  some  of  these  nerves  causes  stimulation  of  the 
center  anj.  thtis,  increased  contraction  of  the  arteries,  together  with 
increased  blood -pressure.  These  are  designated  pressor  fibers.  On 
the  other  hand,  there  are  fibers  irritation  of  which  causes  reflcK  dimi- 
nution in  the  irritability  of  the  vasomotor  center.  The  result  is.  there- 
fore, the  opposite  of  the  former.  The  nerves  act  really  as  inhibitory 
nerves  of  the  center  and  are  designated  depressor  fibers. 

Pressor  fibers  have  already  h^en  pointed  out  as  present  in  the  superior 
and  inferior  laryngeal  nerves,  also  in  the  trigeminus,  the  direct  irritation 
of  which  has  a  pressor  effect,  which  occurs  also  as  a  result  of  insufflation 
of  irritating  vapors  into  the  nose.  Aubert  and  Roever  discovered  pressor 
fibers  in  the  cervical  sympathetic.  S.  Mayer  and  Pribram  obser\'cd 
that  mechanical  irritation  of  the  stomach,  particularly  ol  the  serosa,  has 
a  pressor  effect.  Irritation  of  any  sensory  nerve  is  said  to  cause 
a  pressor  effect. 

Thus  O.  Nauiii&))it  o1)«rvcJ  nfier  feeble  clcctnca]  irritation  of  ll»e  skin  at 
first  a  pressor  offoct.  namely  contrnction  of  the  mesenienc  veanels.  iho  liinf|!«  and 
the  vrt^a,  VkSth  ximultaniMiiiR  excitation  of  the  heart's  action  .ind  .ice deration  of 
the  circulation   (in  the  fn>(<!.     Stn>nu  irritatitm,  huwewr.  had  the  upjiociU)  or 
depressor  effect,  with  simultaneous  reduction  in  the  heart's  action.     Gratinerand 
Heidenliatn  obwrveil  a  pressor  efleci  Ircira  contact  with  the  »kin.  while  manipu- 
latiimx  cmisin^  severe  pam  wen-  ineffective     Reflex  altcratiui:  in  the  lumen  of  the 
vessels  and  in  the  activity  of  the  heart  can  be  induced  also  throueh  the  cutan«oua . 
application  of  heat  and  cold.     Schulkr  ulinerved  conlrai-liona  of  the  vesscla  of  thM 
piu  (iti  rabbita)  after  pinchinti  of  the  ^kiu.  likcHije  after  wana  batha  or  tbc  •p*^ 
phcation  of  warm  compresses,  while  cold  baths  or  cotnpresMS  caused  dilatation 
n(  the  vessels.     Schuller  interprets  tliesc  phenoinena  in  part  aa  pressor  3i>d  de- 
pretMor  effects,  ntthouKh  he  considers  the  principal  cam*  to  consast  in  the  con- 
traction of  the  cutaneouK  veasels  tn  consequence  of  the  cold,  reauluug  in  increane 
of  the  blood  •pressure  and  therefore  in  dilntation  of  the  vessels  of  the  pia.     He«tj| 
naturally  has  the  opposite  effect. 

In  man  most  fornui  of  irritation  of  the  sensory  nerves,  such  aa  slight  cutaneoiu' 
irritation,  tickling  (also  diMizrreiiblr  i>i1ors.  a  bitter  or  a  sour  taste,  optical  or 
auditory  irritation),  cause  reduction  of  temperature  at  the  point  of  application, 
and  diminution  in  the  volume  of  the  ufTccted  cxtrcmitv.  at  times  ah»o  increase 
in  the  ncncral  blood-protiure  uml  uUerntiun  in  the  action  oi  the  heart .  The  opposite 
effects  are  induced  by  painful  impre«ions,  as  well  as  by  the  action  of  heat  (nlgi 
agreeable  odor*  and  a  sweet  taste).  The  forms  of  irritation  tirst  mentioned  eau* 
at  the  sdime  time  dilatation  of  the  cet^bral  vessels  and  increase  in  the  amount 
of  blood  in  the  skull,  »hili-  the  latter  bring  about  the  opposite  results.  The  time 
for  the  reflex  is  between  three  and  five  seconds. 

Depressor  fibers,  irritation  of  which  lowers  the  activity  of  the  vaso- 
motor center,  are  present  in  many  nerves.     The  depressor  nerve  of  th 
vagus  h.-i.t  already  received  special  mention.     The  trunk  of  the  vaguCI 
below  the  latter  contains  depressor  fibers,  and  so  also  do  its  pulmonary 
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branches  (in  the  dog).  The  latter  have  a  depressant  effect  also  in  con- 
nection with  marked  expiratory  pressure.  !ii  accordance  with  this  fact 
Hering  showed  that  marked  distention  of  the  lungs  (at  a  pressure  of  50 
mm.  of  mercury)  caused  lowering  of  the  blood -pressure  and  acceleration 
of  the  heart-beat.  Irritation  of  sensor)-  nerves,  particularly  if  intense 
and  long  continued,  causes  dilatation  of  the  vessels  m  the  areas  iiuicrvated 
by  them.  Also  irritation  of  the  muscle-nerves  by  pressure  has  a  de- 
pressant effeci,  According  to  Latschcnbcrger  and  Dcahna  all  sensory 
nerves  contain  both  pressor  and  depressor  fibers. 

Schifl  obsLTvcd  after  irritation  of  stnsory  nen-cs  the  periodic  coniractions  In 
the  CHr  fi(  ihc  nibliit.  normiilly  ot-curnns  from  ihrcc  to  live  ttiiiL-x  in  m  minute, 
give  way  lo  dilatation,  iifur  n.  •^rtxt^'tng  contraction  of  short  duration,  Direct 
prcsavirc  upon  on  artery  within  its  disiribuiion  has  a  dcprMsor  effect,  as  can  be 
seen,  for  example,  from  the  fact  tliM  after  lutic-coiitinucd  prcsHurv  uf  the  Bpliygmo- 
grapli  the  puiM-tracing  t>cc<mic!=  lftrj;«r  nad  exhibits  as^i  of  le*sen«d  arterial 
tension 

In  the  intact  body  slowly  alternating  contraction  and  dilatation, 
without  uniform  rhythm,  arc  observed  in  the  arterial  branches  (arteries 
of  the  rabbit's  ear,  in  the  membrane  of  the  bat's  wing,  the  web  nf  the 
frog's  foot).  This  movement,  discovered  by  Schiff,  is  for  the  purjjose 
of  supplying  the  organ  in  question  at  times  with  a  larger,  at  other  times 
with  a  smaller,  supply  of  blood,  accordingly  as  its  nutrition  or  external 
influences  demand.  This  phenomenon  can  appropriately  be  designated 
per  iodic -regulatory  vascular  ntaivntciit.  It  is  probably  responsible,  in 
case  of  occlusion  of  the  vessels,  for  example  after  ligature,  for  the  prompt 
establishment  of  the  collateral  circulation.  This  occurs  with  distinctly 
greater  difRcuUy  after  division  of  the  nerve. 

According  to  Bier  The  final  cause  resides  in  the  cellular  activity  In  the  titsueG 
th:iT  hnvr  ticcnme  ^itt^niic.  A(trr  transitory  »ii(;mi;i  thi-  siiiitU  vt^KM-lR  of  the  skm 
Open  widely  for  the  xcceplion  of  the  arterial  hkKKi-curreiit.  wliile  they  clorc  to 
the  venous  current,  and.  moreover,  independent! >'  of  the  central  nervous  sysiem. 
*  Nothnaxel  "Krwai  with  v  Recklin^hau.icn  that  the  inLTtasuil  velocity  with  which 
the  blood  dows  through  the  collateral  branches  of  the  obstructed  vckcI  is  the 
factor  that  causes  hypertrophy  of  Ihc  walls  of  the  vessel  and  dilatation  of  the 
lumen  of  the  collateral  hrancnes. 

PcrhAps  the  ftrCeries  tst  capable  of  another  form  of  movement,  namely  the 
puliatory,  which  coiutstt  in  active  cofitmeliiMi  after  each  jiulHitnry  dilatation 
of  the  vessel.  It  would,  theirfore,  correspond  with  the  registration  of  the  de- 
scending limb  in  the  tracinjf.  From  what  has  been  said  as  to  the  propagation- 
velocity  i>t  the  pulse-wave,  this  contraction  must  be  pfoiiaeaied  cmtrifuKaily  >n 
a  peristaltic  manner  with  the  siimc  velocity  as  the  piilsc-wavcs.  It  should,  how* 
ever,  be  stated  that,  as  yet,  this  form  of  movement  has  not  been  demonstrated 
with  certainly. 

The  lumen  of  the  vessel  can  be  influenced  directly  by  local  applica- 
tion, cold  and  moderate  electrical  stimulation  causing  contraction,  and. 
conversely .  heat  and  strong  mechanical  or  electrical  stimulation,  causing 
dilatation,  the  latter  two  probably  after  transitory  preceding  contrac- 
tion. 

Elevation  of  tkn  Ivm peralurt  ol  the  iLrm  to  43°  C.  causes  relaxation  of  the  vcaaels, 
rfdiKliow  to  between  10"  and  to'C  contraction.  Abrunt  altcnitiotu  in  tempera- 
ture always  cause  trancitor)*  contraction  of  the  vcskcit^  (also  those  of  the  op))0«ite 
arm)  Irritatiiu  by  heat  and  cold  is  capable,  in  addition  to  its  influence  upon 
the  vessels  themselves  locally  at  the  scat  of  irritation,  also  of  affecting  the  lumen. 
of  the  vesMfli;  through  reflex  stiniulaticm.  Thus  eold.  for  example,  may  cause 
dilatation  of  the  vessels     EU<trical  stimmli  likewise  exert  their  efltfcia  principally 
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in  a  reflex  way  Among  foiions.  ahnocc  all  of  the  oiemben  of  the  digitalis* 
group  cause  constricli<7n.  Quinin  and  salicin  cauie  constriction  of  the  vesaela  ol 
the  sptecn.  The  remaining  Icbrifugrs  cause  dilatation  of  the  vessels,  u  does  also 
Witie's  peptonc- 

The  influence  of  the  vasomotor  nerves  upon  the  temperature,  both  of 
limited  portions  of  the  body  as  well  as  of  the  entire  body,  is  of  great 
significance. 

Local  effects.  Division  of  a  peripheral  vasomotor  nerve,  for  ex- 
ample the  cervical  sympathetic,  causes  dilatation  of  the  vascular  area 
supplied  by  it,  as  the  paralyzed  vessels  are  readily  distended  by  the 
jntra -arterial  pressure.  In  consequence,  a  larger  amount  of  arterial 
blood  at  once  enters  tJiis  area,  and  as  a  result  injcctiott'Tedttess  develops, 
and,  at  the  same  time,  also  in  parts  that  readily  become  cool,  such  as 
the  ear  and  the  skin  of  the  face — elevatioH  cj  temperature.  Increased 
transudation  takes  place  through  the  walls  of  the  relaxed  capillaries. 
Within  the  dilated  vessels  the  velocity  of  the  blood-current  is,  naturally, 
diminished,  while  the  blood -pressure  is  increased.  Further,  the  pulse 
is  more  readily  palpated  in  such  situations,  because  the  lumen  of  the 
vessel  is  increased.  With  the  increased  siate  of  the  blood-current  the 
blood  may  be  bright  red  as  it  enters  the  veins  and  the  pulse  may  even  be 
followed  into  the  veins.  Every  irritation  of  a  peripheral  vasomotor  nerve 
gives  rise  to  the  opposite  phenomena,  namely  pallor,  diminished  trans- 
udation and  reduction  in  temperature  in  the  external  integument. 
Smaller  arteries  become  contracted  to  the  point  of  complete  disappear- 
ance of  their  lumen.  Lon^-contimicd  irritation  causes  linally  exhaus-^ 
tion  of  the  nerve  and  gives  nse  at  the  same  time  to  symptoms  of  paralysis 
of  the  vessel-wall, 

Tlic  phenomena  described  as  following  paralysis  of  vasomotor  rcr\'c«  do  not. 
however,  remain  unchanged.  The  paralyns  of  the  muscular  coat  of  the  vessels^ 
must  obviously  give  n»e  to  stagnation  'm  the  circulation  of  the  blood,  aa  tfc 
mutculnr  coat  constitutes  an  important  factor  in  the  normal  distribution  of  tti 
blood  in  the  vessels.  The  slower  blood -movement  is  rrsponsibk  for  the  fart  that 
parts  exposed  to  the  air  become  more  readily  cooled.  Thus,  the  primary  stage 
of  elevation  of  tcmperattiru  after  division  of  Ihi;  vasomotor  nervea  may  be  lollow-ed 
by  a  second  stage  of  reduction  in  temperature.  As  a  result  of  numerous  experi- 
ments Landois  was  able  to  confirm  the  observation  of  Schiff  that  in  rabbits  irom 
which  the  cervical  symrjatJictic  had  liecn  removed  some  weeks  previously,  the 
ear  upon  the  intact  side  was  always  Trarmcr,  and  particularly  if  the  unimtJs 
were  actively  stimulated,  in  consequence  of  which  the  circulation  in  the  intact 
vessels  was  accwlerated  If,  as,  for  esample.  in  the  paralysed  cxiremilies  of 
human  beinjjs,  the  musclc-nervej  are  T>arajyjed  in  addition  to  the  vasomotors, 
the  extremity  will  become  cooler  in  the  course  of  time.  beeauM!  the  paralyxed 
muscles  are  no  lonKer  capable  of  jreiierating  heat  by  their  contraction,  and.  < 
further,  because  the  dilatation  of  the  muscle -vessels,  which  occurs  with  each  cott"" 
traction  of  the  muscles,  is  \<j»t.  \(.  I'mally.  the  paralyzed  muscles  undergo  atroph] 
the  vessels  contained  in  them  also  l>ecnmc  irducc-il  in  siae.  There  is  thus  afTonl 
an  explanation  for  the  fact  that  paralysed  extremities  in  human  beings  an 
a  rule  cold  in  the  further  courae  of  the  case,  although  primarily  the  tcmpcratnr 
is  elevated. 

If  in  consequence  of  the  same  procedure  the  vasomotor  nerves  of 
extensive  areas  of  the  skin  are  paralysed,  as,  for  example,  in  the  lower 
half  of  the  body  after  section  of  the  dorsal  cord,  so  much  heat  is  given 
off  by  the  dilated  vessels  that  either  an  elevation  of  the  temperature  of 
the  skin  is  observed  for  only  a  short  time  and  in  slight  degree  or  reduction 
in  temperature  takes  place  at  once.  Thus,  some  observers  Iwve  noted  j 
elevation  of  temperature  after  division  of  the  cervicjil  cord,  alttiougt 
Kiegel  did  not, 
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Pfluger  found  that  a  rabbit  with  division  of  the  cervical  cord  pro- 
duced more  carbon  diaxid  when  the  surrounding  temperature  was  ele- 
vated and  less  when  the  temperature  was  lowered.  The  human  being 
injured  in  a  similar  manner  exhibits  analogous  conditions,  being  more 
readily  cooled  when  the  surrounding  temperature  is  low  and  more  readily 
overheated  when  the  surrounding  temperature  is  high. 

Influence  upon  the  I  ei^perolun-  of  the  Entire  [iody. — Irritation  or 
paralysis  of  vasomotor  nerves  within  small  arca^  has  practically  no 
influence  upon  the  temperature  of  the  entire  body.  If.  however,  the 
vessels  in  an  extensive  area  of  the  skin  arc  suddcnlj'  dilated  by  paralysis 
of  their  vasomotor  nerves,  the  temperature  of  the  entire  body  falls,  be- 
cause much  more  heat  Is  given  off  from  the  dilated  vessels  than  under 
normal  conditions.  This  is  the  case,  for  example,  after  high  division  of 
the  spinal  cord.  Inhalation  of  two  or  three  drops  of  amyl  nitrite  is  also 
attended  with  reduction  in  the  bodily  teniperaluru  in  man  in  consequence 
of  the  resulting  dilatation  of  the  vessels  of  the  skin.  Under  opposite 
conditions  of  irritation  of  extensive  areas  the  teiii|)eramrc  of  the  body  is 
clev.ited  because  the  constricted  vessels  give  off  less  heat.  This  fact 
explams  in  part  febrile  elevations  in  temperature. 

Also  the  cardiac  activity,  that  is  the  number  and  the  energy  of  the 
contractions  of  the  heart,  is  greatly  influenced  by  the  state  of  irritability 
of  the  vasomotor  nerves.  If  these  nerves  arc  paralyzed  throughout 
considerable  areas,  the  vessels  whose  walls  contain  muscle-fibers  dilate, 
and  the  blood  itself  docs  not  reach  the  heart  with  its  usual  rapidity  and 
abundance,  as  the  pressure  under  which  it  flows  has  become  considerably 
lessened.  The  consequence  is  that  the  heart  makes  extremely  small, 
slow  and  labored  contractions,  somewhat  like  a  damaged  pump,  to  which 
sufficient  material  is  not  sent  for  propulsion  onward,  Strieker  even 
observed  arrest  of  the  heart  in  the  dog  on  extirpation  of  the  spinal  cord 
between  the  first  cervical  and  the  eighth  dorsal  vertebra.  Conversely, 
it  is  known  that  on  irritation  of  the  vasomotor  nerves,  in  consequence  of 
the  resulting  contraction  of  the  vessels  with  a  muscular  coat,  the  blood- 
prcssurc  rises  considerably.  As  the  arterial  pressure  is  effective  up  to 
the  left  ventricle,  it  causes,  as  a  mechanical  irritant  to  the  wall  of  the 
heart,  an  increase  m  the  activity  of  the  heart,  with  respect  both  to  the 
number  of  beats  and  to  their  vigor,  in  the  course  of  a  short  while.  As 
a  result,  the  circuhition,  already  accelerated  by  the  increase  in  pressure 
in  the  arterial  system  in  consequence  of  the  arterial  contraction,  is  further 
accelerated. 

By  far  the  most  extensive  area  of  the  circulation  is  controlled  by  the  splanchnic 
nerve,  iw  ii  innervates  the  larxe  linmcliM  of  all  of  the  aitcrieji  of  ilic  alKlcirat-n, 
Initation  of  this  nerve  is.  therefore,  followed  by  marked  increase  in  the  blood- 
pressure.  Convcrsciv,  paraly&is  of  ilic  nerve  is  attended  wiih  such  nmrked  stag- 
a&tton  of  blood  in  luc  diluted  alKloiniriul  vlvsm-Is  cliiit  iill  the  reiniiiiiiiiK  portions 
of  the  body  become  anemic,  and  death  nwiy  even  result,  in  n  measure  in  consc- 
(^ucijcc  of  intravajwular  hemorrhftgc.  Vot  too  same  reason  animals  die  of  Rtiemja. 
after  ligation  of  the  portal  vein. 

The  capacity  of  the  mierior  of  the  vuKculnr  xyutem,  by  reafioii  of  iis  dependence 
upon  the  vasomotor  nerves,  has  obvioufllv  also  an  inllm-ncr  iipim  the  hocUly  ■u»ight. 
especialK-  in  constciiurnce  of  variations  m  the  amount  of  fluid  taken  up  into  or 
given  off  from  the  blood.  Strong  irritation  of  ilie  va-somoior  apparaitii  may  cauac 
a  [all  in  bodilv  weight  Lhroii^h  rajiid  lo»x  of  water.  Tn  l.his  cutcjcory  i)ulonf^ 
probably  the  lojis  of  weiglu  observed  by  some  after  epileptic  convulsions,  in 
contequcncc  of  polyuria,  increased  sweating,  secretion  of  tears  or  of  saliva.  Con- 
verMly,  paralysis  or  parens  of  the  vasomotor  twrvca  caused  dilatation  of   the 
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blood'Stream,  with  incrcuc  in  the  weight  of  the  body.  Such  a  result  is  brought 
about  by  a  numbci'  of  poisQue,  for  cxunplc  alcohol  in  \&xkv  doses.  After  disappear' 
aitce  of  the  iiitoxiciitiuu  the  normal  w<:i);ht  is  rcKtured  ailcT  eopJouE  uriuutiou. 

The  Irapliic  di.'crjfn  that  oecompany  nffcetion*  of  thi-  vasomotor  ntrvr*  ar* 
<Ietervifig  of  espc«"ial  consideration.     Paralynh  of  the  vaaonootoM  gives  rise,   id 
addition  to  vascular  dilatation  and  local  increasi;  in  the  blood -pressure,  also 
increased  tranntdation  from  the  cupillaries-     In  conieqiiftict--  oi  the  loss  of  _. 
musctilar  nclivity  in  the  vrsselx  the  blimil-stieam  liwuines  *lin»'cd.  and  xtasnatc 
ftsa  rcsuJt.thccBpillHncs  are  dikted  cind  the  slowlv  moving  blood  in  them  bccom 
maikedly  venous,  so  that  the  slcm  acquires  a  livid  color      Further,  normal  tranft-i 
piration  i>  interfered  with,  »o  that  dryness  of  the  epidcrmiji  results,  and  often 
also  desquamation  and  lissuration.     i'assivc  hyperemia,  a  tendency'  to  occlusion 
of  the  capillaries  and  to  the  fonrtation  of  thrombi   in  the  vcine,  together  withi 
pamivc  trunMidatesand  edfinal<nis  swi-llinc.  .in-  not  rare.     Also  the  nomuil  growlhl 
of  the  hair  and  the  nails  i«  readily  interfered  with,  the  ticin  exhibits  increased' 
vulnerability  and  the  nutrition  of   all  nf  the  remaining  tissues  majr  sutler.     Id 
consequence  of  long-continued  irritation  of  vasomotor  ner\-cs  the   amount  of 
blood  pasaingr  through  the  affected  vc&svls  becomes  diminished,  and  it  may  be 
conceivi'd  that,  as  a  result,  nutritive  diniurlMinces  occur  in  the  parts  to  lie  sup- 
plied.    Tatigl  found  on  long-continued  faradic  stimulation  of  the  Eptnsl  cord  • 
reduction  in  ox  i  da  I  iim- processes  in  the  tissuea,  as  a  rcault  of  which  gascoua  inter- 
change, and  finally  al>o  the  bodily  teiiiperuturc,  fait  markedly. 

In  addition  to  the  dominating  vasomotor  center  in  the  medulla  ob- 
longata, the  vessels  are  under  the  control  of  siibordinnle  cenlcn  in  the 
gray  matter  of  lite  spinal  cord.  This  can  be  recognized  from  the  following 
obscrsation ;  If  the  spinal  cord  he  tlivided  in  an  animal ,  all  of  the  vessels 
supplied  by  nerves  arising  below  this  level  soon  undergo  paralytic  dila- 
tation, in  consequence  of  section  of  the  vasomotors  from  the  medulla. 
If  the  animal  survive,  the  vessels  regain  their  previous  caliber  in  the 
course  o(  a  few  days,  and  the  rhythmic  movements  oi  their  muscular 
coat  arc  now  controlled  by  the  subordinate  vasomotor  centers  in  the 
lower  extremity  of  the  spinal  cord. 

The  sutjordinate  spinal  centers  can  be  stimulated  directly  through  a  dyspneie 
state  of  the  blontl.     Rellcx  stimulation  .-ilxo  is  posuble;   after  desLniriion  of  th>1 
medulla  oblongata  the  arteries  of  the  web  of  the  frog's  foot  contract  on  irritatioii;] 
of  tlic  scnsoiy  nerves  of  the  opposite  hind  leg.     In  the  dog  a  spinal  vasomocorJ 
center  susceptible  of  reflex  irritation  is  situated  between  the  third  and  dxth' 
dorsal  ncrvts  (origin  of  the  splanchnic),  and  a  nnuW  crntcr  is   present  in  th« 
lower  portion  of  the  spinal  cord,     According  to  Spina  the  cerebral  vessels  have 
such  a  center  extending  to  the  third  cervical  vertebra. 

If,  after  the  section,  the  lower  c^etremity  of  the  spinal  cord  is  crushed, 
the  vessels   again  undergo  paralytic  dilatation,  in  consequence  of  de- 
stmction  of  the  subordinate  centers.     Even  now.  however,  in  surviving^ 
auiniak  the  dilatation  is  gradually  replaced  by  norma)  contraction  and 
rh\Thmic  movement,  and  henceforth  this  movement  of  the  vessel-wall 
is  controlled  by  the  gaijjj/w  everywhere  distrilmted  throughout  it.     Thft"* 
latter  are  thus  capable  of  acting  independently  and  of  mainLnining  the^ 
movement   of   the   vessel-wall.      Increased  tension  in  the  vessel  causes 
contraction  of  the  muscular  coat.     Kven  the  vessels  of  excissed  sur\'iving 
kidneys,  through  which  blood  is  passed,  exhibit  these  periodic  flucttia- 
tions  in  caliber.     The  observation  is  further  worthy  of  mention  thai, 
the  vessel-walls  contract  as  soon  as  the  state  of  the  blood  becomes  in 
marked  deRrcc  venous.     The  vessels  oppose  a  greater  resistance  to  the 
flow  of  venous  blood  than  to  that  of  arterial  blood.     Perhaps  the  general 
disturbance  of  nutrition  exhibited  by  individuals  suffering  from  dyspneie 
States  of  long  standing  is  to  be  explained  in  this  way.     In  any  event  the 
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vessel -walls,  however,  appear  after  the  »ries  of  procedures  described 
not  to  iittain  again  ilie  complete  mobility  and  reactivity  that  they  pos- 
sess under  normal  conditions. 

Through  the  inwnni-'diiitioii  oi  ihtw  t)eri|)heral  vcsscl-gangha  the  niuvL-mcnts 
of  the-  vessels  iilsn  apprar  ti)  Hike  placr  iWt  are  olwervvtl  to  ciccur  on  iipjilir.ilitm 
of  direct  nicchaiiical,  chemical  or  electrical  initation  to  the  vessels.  The  arteries 
cuiitTucl  often  lo  Uic  pcaiit  wf  oUliUnition  of  thwr  lumen.  Amyl  nitrite  and 
digitAlis  have  an  effect  ii[)Oti  the  lumen.  The  pulsatiiif:  veins  in  the  bal's  wing 
continue  their  movement  after  divinnn  of  all  of  the  nerves,  and  this  is  indicu* 
tivc  of  the  local  innervation  through  peripheral  ncrve-ecnters. 

Finally,  the  cercbnim  undoubtedly  has  an  influence  upon  the  vaso- 
motor center,  as  is  shown  by  the  sudden  pallor  of  the  external  integument 
m  conjunction  with  emotional  disturbances,  such  as  fright,  fear.  This 
observation  has  received  a  satisfactory  explanation  in  the  discovery 
made  by  Eulcnbury  and  Landois  that  the  gray  cortex  of  the  cerebrum 
contains  a  circumscribed  area  (in  the  cruciate  sulcus  in  the  dog),  irri- 
tation of  which  gives  rise  to  reduction  of  temperature  and  destruction 
to  elevation  of  temiwralure  in  the  contralateral  extremities.  From  this 
area  fibers  therefore  probably  pass  to  the  center  in  the  medulla,  which 
they  stimulate  to  cither  increased  or  diminished  activity.  In  this  way 
is  to  be  explained  the  fact,  as  observed  by  Landois  together  with  Budge, 
that  irritation  of  both  cerebral  peduncles  causes  contraction  of  all  of  the 
vessels.  Keidenhain  noted,  accordingly,  that  irritation  in  the  further 
course,  at  the  junction  between  the  poos  and  the  medulla  oblongata. 
caiued  rapid  rise  in  the  bodily  temperature. 

Eniflityal  infint-mts  generally  increusc  the  tone  of  thff  vessels  (as  ob»ervcd 
in  the;  arm),  while  fntif^ue  ami  joy  diminish  it. 

Although  the  medtilla  contains  a  dominating  vasomotor  center  for 
all  of  the  vessels  in  common,  it  is  to  be  assumed  that  this  is  divisible 
into  a  number  of  central  points  lying  close  together  and  controlling 
definite  vascular  areas.  In  this  connection  there  have  been  isolated 
the  centers  for  the  vessels  of  the  liver  and  for  those  of  the  kidneys. 

Finally,  it  should  be  mentioned  that  certain  poisom  esperiBlly  stimulate  the 
vaaomotor  apparatus,  such  as  ergotin,  tannic  acid,  balsam  01  couaiiia  and  rnhebxL 
whiicotbcn  at  finrt  sUmulate  nno  then  paral)-Ec. such  as  chlond  hydrate,  morphin. 
laudanoain.  digitalin,  vcratrin,  physostigma.  alcohol;  wliik  sliU  others  rapidly 
piiralyz«,  such  as  auiyl  nitrite,  carbon  nionoud,  alropin  and  muscarin.  The 
paralyunt  action  of  poisons  is  recognized  from  the  fact  that  after  division  04- 
paralysis  of  Xht  cardiac  fibc-rs  of  the  vagus  ani!  of  the  iiccvli^iitiir  niT\'c  irritation 
of  cither  the  pressor  or  the  depressor  nerves  is  unattcndeii  with  sny  effect  Cer- 
tain agents  having  a  pathnlogical  effect  have  an  inlluencc  lipoii  the  vasomotor 
nerves  In  surviving  or){-.uis,  narcotiCK  anil  anti{>>'reticx  cause  dilatation  and 
bcrs  of  the  di]:itaIis-Knnip  contraction. 

The  veins  are  controlled  by  vasomotor  nerves,  for  example,  the  ear- 
veins  of  the  rabbit  through  the  cervical  sympathetic,  the  portal  vein 
through  the  splanchnic,  the  veins  of  the  hind  leg  through  the  sciatic. 
On  the  whole,  the  vcnomotors  pursue  the  same  course  as  the  urterio- 
moiors  and  the  sweat-fibers. 

Little  is  known  witli  regard  to  the  dependence  of  the  lymphatics  upon 
the  nerves.  Camus  and  Gley  obser\'ed  on  irritation  of  the  peripheral 
extremity  of  the  splanchnic  nerve  that  the  receptacle  for  the  chyle  gener- 
ally dilated.  Irritation  of  other  sympathetic  fibers  caused  contraction 
■w 
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of  the  thoracic  duct  and  the  receptacle,  as  did  also  euspeosion  of  breath- 
ing. Irritation  of  the  thoracic  cord  of  the  sympathetic  is  followed  by 
dilatation  or  contraction  of  the  thoracic  duct.  The  constrictor  fibers, 
however,  are  more  readily  exhausted. 

PathoIoficaL — Disorders  in  the  function  of  itie  vasomotor  nerves  (ongionctL* 
ro«ce)  may  occur  in  different  fomu>.  Th«  points  of  nttack  for  the  abnormal 
irrilalions  of  the  vawmotor  nerves  mav  l>c  inc  ganglia  in  the  vomIs  thvmselvn 
or  the  sinnal  centers,  togothef  witli  ttie  doming  in  fj  center  in  lh«  medulla,  or. 
finally,  tne  cortical  vasomotor  centers  in  the  cerebrum  The  action  may  tie  either 
direct  or  retl-cx.  In  conformity  with  the  phenomena  of  phyciologieal  t-xpchmer- 
lation.  irritation  of  Xhv  vasomotor  nerves  will  give  rise  to  contraction  of  the  blood- 
stream, pallor  and  reduction  of  temperature  in  the  external  ioiegunieni  and 
diminished  diffusion  in  the  ti.ssucs.  Convcraely.  pHralynis  muxt  give  rite,  in  addi> 
tlon  to  dilatation  of  thi:  vl-skIs,  to  elevation  of  tempcratuTr  and  reduce  of  tbe 
iatceumcnt.  as  well  as  increased  transudation  in  the  tissuea. 

In  the  skin,  aCTcctions  of  Ihc  vaeomotor  ncrrcs  give  rise,  hrst  of  all,  to  diffuse 
redness  or  p.iMor,  which  may  W  unilulernl.  There  may,  however.  rIso  be  cir- 
cumscribed disorder):,  such  ns  the  local  cutaneous  artcrinl  spasm  induced  by 
irritation  of  individual  vasomotor  nerves.  Ljitcr  on.  various  lorms  of  paralytic 
phcnoTiieiia  involving  the  cutaneous  vasomotor  nerves  appear  upon  the  skin^  in 
the  seiiut-ncc  of  anuintwrof  acute  felirile  diseases,  aftrrjircivditig  initial  seven 
irritation  of  the  vasomotors,  especially  in  the  stage  of  chill  in  the  course  of 
various  fevers.  These  may  appear  as  simple  circumscribed  areas  of  redness  or 
as  incrctscd  transudalton  from  the  paralyted  vessels,  with  the  formAtion  of 
wheals,  or  even  escape  of  red  wnd  white  blood- corpuscles  from  the  paralysed, 

freatly  dilated  vascular  areas,  or  edema,  eruptions  or  even  partial  ^ngrene. 
n  individuals  suflcring  from  epilepsy  or  other  severe  nervous  allections.  pe- 
culiar, red  angioparalytic  areas  of  geographical  outline  have  occaMftnnlly  bc^ 
observed  (Trijuweau's  LSchw  c/t^ hrak'B) ,  Weir  Mitchell,  in  t8;>,  designated  as 
erjnhrMHfhtgia  an  angionrurosis  In  which  paroxj-smal  redness  and  swelUng  erf  the 
skin  appear  at  the  periphery  of  the  extremities  usually  in  nsKociaticn  nrith  pain. 
As  occasionally  lnij)hic  anil  itccn-Uirj'  disorders  also  appear,  the  condition  is  not 
exclusively  a  vasomotor  but  a  combined  neurosis.  Long-continued,  strong  irrita- 
tion of  the  vasomotor  nerves  may  cause  interruption  u{  the  circulation,  in  canse- 
aucncc  of  which  the  affected  |)urts  may  undcrgQ  gangrene,  which  may  involve 
deeper  parts,  as  well  as  the  skin.  IntlAmmations  in  cutaneous  areas  whooe  vaao- 
mot^rs  are  paralysed  am  aggravated  in  the  course  of  time. 

Amonft  the  angionouroses  of  circumscribed  distributiom  is  the  unilateral  spasm 
of  the  branches  of  the  carotid  on  the  head,  which  is  attended  with  severe  head- 
ache. Ho-callcd  syiHpmhi-lkDUwc  kftnicmnia.  Under  such  circumstances  the  cer- 
vical Kvmpaihciic  is  greatly  irritated:  and  pallor,  relaxation  and  eoolnes;*  dl  oae- 
hatf  of  the  lace,  cord-Iilce  contraction  of  the  temporal  artery,  diilalatton  of  tbe 
pupil  and  discharge  of  viscid  saliva  are  unciiuivocal  signsof  this  affection.  Euleo- 
Durg  has  described  as  the  converse  of  this  disorder  a  syvifalheliccpatalylic  fcenvi- 
cranui.  in  winch  at  the  height  of  ihc  attack  the  opposiu;  symptoms  arrprur.  in 
conjunction  with  paralysis  of  the  sympathetic.  This  form  may  succeed  immedi- 
ately upon  the  hrst ,  ns  paralysii  in  the  sequence  of  intense  irritaticm.  Bergcr  even 
observed  both  forme  in  alternation. 

lixophthaitiie  goiter  is  a  remarkable  affection  of  the  sympathetic,  in  which  tbe 
vftsomniOT  nerves  are  involved,  ]t  oceun;  in  individuals  of  a  neurotic  disposition, 
and  there  develop  amseciitivcly  iialjiitation  of  the  heart  (from  90  to  iso  or  >eo 
beats  in  a  minute),  enlargement  of  the  thjToJd  gland  fstnmia)  and  prmnision  of 
the  evcballs  (exophthalni'-<s).  M-ith  defective  asnociated  movement  of  the  upper 
eyclia  in  elevating  and  depressing  the  plane  of  vi^Hon,  It  is  believed  that  pcr- 
\"cned  function  of  the  thyroid  gland  results  in  the  fonoation  of  materials  that 
act  like  u  poison  on  the  ller^'es  alTrcted.  As  a  matter  u(  fact  ext^hthalmus  is 
wanting  in  onc-halE  and  goiter  in  one-lilth  of  the  cases.  It  is  pOMSMc  that  this 
obscure  diiirai;^  depends  upon  simultaneous  irritation  of  the  accelerator  nerve  of 
the  heart,  of  the  motor  filamenls  for  the  muscles  of  Mullcr  in  the  orbits  and  the 
eyelids,  and  perhaps  also  of  the  filaments  for  the  unstriated  museles  discovered 
l^  Sappev  in  the  orbital  aponeurosis,  as  well  .is  of  the  dilators  of  the  thyroid 
votseU.  "rhc  disorder  miijht  arise  as  result  of  direct  irritation  of  the  sympauMtJc 
paths  oaracd  or  of  their  bnnl  areas  of  origin,  or  linally  it  might  be  tnc  mult  of 
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reflex  irhtation.  On  the  other  hand,  the  clinical  pictnire  has  bcca  explfttn*d  by 
Kttuming  th*t  th«  cxophthatnaos  and  the  goiter  arc  results  of  par&lysia  of  tlw 
vasomotors,  which  sives  rise  to  distention  ot  the  vesseU.  The  increiued  aetJOB 
o(  the  heart  is  looked  upon  us  a  cign  of  iliinmtchAd  or  abotished  uction  of  the  caidtac 
inhitritoiy  ItbcTS  of  the  va^.  AUof  these  phenomcna.it  is  said.can  be  induced  by 
injury  of  the  upper  noriion  o(  the  restiforra  body  on  each  side  in  rabbits,  and 
accordinK  to  Durduli  below  the  auditon-  tubercie, 

Landois  was  the  &nt,  in  ii66,  to  dcicribc  and  drsiKnstc  as  iMramcrar  angina 
pectoris  an  affoctton  of  paroxysniQl  occurrence  involving  cither  ail  or  at  least 
a  large  number  of  the  vasomotor  nerves.  In  conscoueace  of  intense  irritation 
the  rcMcls  undcrxo  contraction;  the  arteries  are  hare  and  smaU,  the  skin,  espe- 
cially of  the  hAnds  and  the  feet,  pallid  and  cold,  &nd  at  the  u.mc  time  the  seat 
of  formication  and  prickling  at  the  lips  of  the  fingers.  The  increaae  in  blood- 
prewupe  brou);ht  about  by  the  vascular  contraction  causes  enormous  acceleratioa 
of  pulse,  together  with  a  feeling  of  oppresuon,  of  vertigo,  o(  fear,  of  abolition  of 
the  \'ital  functions  and  even  painful  palpitation  of  the  heart. 

The  appearance  o{  sudden  hyperemia,  with  transudation  and  ccchymoses  in 
individual  thoracic  or  abdominal  viscera  must  likewise  be  referred  to  an  angio- 
neurotic oriein.  In  this  connection  it  should  be  recalled  thnt  SchifT.  Brown- 
Sdquoid  and  otheis  obsen'cd  hyperemia  and  extravasations  of  blood  in  the  lungs, 
the  pleura),  the  intcetincs  and  tlte  kidneys,  after  injury  of  the  pons,  the  striate 
body  and  the  optic  thalamus.  Crushing  or  section  of  one-half  of  the  pons  causes, 
according  to  Brown-S6quard,  en>eciaily  extravasations  of  blood  into  the  lun^  of 
the  opposed  side.  The  same  observer  noted  also  cxtrnviisations  of  blood  mto 
ihe  capsules  of  the  kidneys  after  injurv  to  the  lumbar  cord.  The  pulmonaij'  vessels 
may  ue  relaxed  through  the  intermediation  of  the  ner\'es,  and  attacks  ut  asthma 
may  thus  be  induced.  Rarely,  the  vnsomotor  distribution  upon  an  entire  side  of 
the  body  has  been  observed  to  be  irritated  or  paretic. 

ThedepnidL-ncenf  ir/ycij^ una  upon  vasomotor  infJuences  has  been  pointed  out 
on  p.  313,  the  influence  of  the  vasomotors  upon  the  urinary  ittretwn  on  p.  514- 
The  cnect  of  ffvtr  upon  the  vasomotor  nerves  in  the  form  of  irritation  is  shown 
by  the  pale  skin  in  the  stage  of  chill  attending  some  fevers,  followed  by  redness 
in  eonseqiienee  of  consecutive  paralyiic.  Sudden  elevation  of  temperature  of 
paroxysmal  occurrence  has  been  considered  as  a  sign  of  irritation  of  the  vasomotor 
center  in  the  medulla. 

Little  is  known  concerning  affections  in  the  distribution  in  the  vfftns  dependent 
upon  the  nerves,  MoltschanofT  observed  that  in  the  sequence  ot  inAammation 
ot  the  uhiar  and  median  nerves,  with  anesthesia,  venous  dilatation  occurred  in 
the  distribution  of  the  basilic  vein. 

It  should,  tinally.  be  pointed  out  that  sensory  nerves  in  the  form  of  delicate 
networks  have  been  found  on  the  blood-vessels.  Pathological  manifestations  of 
pain  in  the  course  of  the  vexseU,  in  association  with  arterial  spasm,  aneurysm, 
arteriosclerosia,  and  thrombosis,  are  probably  indicative  of  morbid  atates  of  irrita- 
tion of  the  nerves. 
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Although  a  center  for  vasudilator  or  vesstrl -relaxing  nerves  has  not 
yet  been  demonstrated,  the  existence  of  such  a  renter  in  the  medulla 
may  nevertheless  be  suspected.  It  wouhl,  thus,  be  the  antagonist  of  the 
vasomotor  center.  The  center  is,  in  any  event,  not  in  a  state  of  per- 
manent (tonic)  irritation.  The  vasodilator  nerves  are  analogous  in 
function  to  the  cardiac  brandies  of  the  vagus,  as  irritation  of  both  causes 
relaxation  in  the  state  of  rest.  The  nerves  may,  therefore,  be  designated 
V(UO  inhibitory  itcnvs.  A  dyspneic  state  of  the  blood  irritates  the  center 
(as  it  does  also  that  for  the  vasomotors),  and,  as  a  result,  especially  the 
cut.^neou-':  vessels  are  dilated,  wliile  at  the  same  time  the  vessels  of  the 
internal  organs  become  anemic  in  consequence  of  simultaneous  irri- 
tation of  the  v.iscronstricton;.  Chloral  hydrate  in  small  doses  is  a  stimu- 
lant to  the  vasodilators.  Irritation  of  the  depressor  nerve  also  excites 
them  reflexly. 
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Tbe  Course  of  the  Vasodilator  irerve«.^Tltc  vasodilators  pass  to  some  orj 
U  special  ncr%'i-s.  wink-  to  v^ihci  parts  ol  ilu'  ^'*]y  they  &rc  iliilributcd,  in  M>^ 
ciittiCKi  with  vab'jo>nstricl<;r  oiiJ  uihcr  ncr\fi.-».  The  Iniccofiwrial  ri'irion  recci"re« 
dilators  in  part  Irom  the  m«dullK  oblongat*  dir«ctly  tbrougli  the  Inncntinus.  and 
in  part  from  the  spinal  cotd.  The  latttr,  According  to  IlAstr--  und  Moral,  make 
their  exit  with  the  nm.  second  and  third  dorsal  ner^'ci  (in  the  dog)  and  pau 
through  the  visceral  branches  (limb  o(  the  loop  of  Vieu*sen«)  into  tbe  cjinpa- 
thcttc  cord,  then  to  the  tujR'rior  cerA'icMl  Kiiniflifin  ainl,  lin:ill>'.  thence  thnnigh  the 
carotid  pIcxuG  to  the  Gasserian  ganRlion  of  the  triErminus  The  retina  receives 
vasodilator  nerves  through  the  sympaihciie  and  the  trigrmiims.  the  ear  (mm  the 
firet  <li>raal  and  ihc  inferior  ctrvical  i;anj;liorn,  thi-  hrain  fmni  the  sjnn pathetic: 
tjie  heart  through  the  E^ntpathctic  and  lets  through  the  va};us;  the  upper  ex- 
IrcRiity  from  the  thoracic  sympathetic:  the  lower  extremity  froni  tht  iKistcrinr 
roots  of  ihe  origin  «(  the  iteiatic.  The  vasoiJilatore  (or  the  Mil-muxiliary  and 
(ublingiiaJ  fjlAndc  ]>a!U  m  the  chorda  t\inpani,  a*  do  also  those  for  the  antenor  por- 
tion of  the  loogiie.  Those  (or  the  p(Hsteri(ir  jmniom  of  the  tonpue  are  contained 
in  the  glossopharyngeus.  those  for  the  thyroid  gland  in  the  laryngeal  branches  of 
the  vagus,  loose  for  the  liver  in  the  splanchnic,  those  for  the  pancn-aK  in  the 
wsux,  those  (or  the  xmull  inteMine  m  the  splanchnic,  thiiw  (or  the  kidney  in 
the  vagus  The  lungs  <in  the  rabbit)  receive  dilntors  from  the  cervical  sjnnpa- 
thetici  according  to  llcnriqucs  (in  dogs  and  rabbits)  from  the  vagus-  Irritation 
of  thenurvi  crigenti-h  arising  from  the  sacral  plejtua  causes  erection  through  dilata- 
tion of  the  arteries  of  the  pcmit.  The  muKJc*  receive  the  dilator  tiben  for  their 
vessels  through  the  trunlcs  of  the  motor  nerves  If  the  muscle -nerves  or  the 
spinal  cord  be  irritated,  the  liimcn  of  the  vessels  undergoes  dilatation  during  the 
contraction  of  the  muscle- fibers.  The  latter  phenomenon  appears  ev«n  when  the 
contraction  vi  Ihc  muRck-s  i*  pre^-ented  The  viiuodilHtiTs  remain  mnlullated 
out  to  the  terminal  ganglia. 

The  vasodilators  have  ntboniinaU  cenu-ri  in  the  spinal  cord,  as  do  the  va«^ 
motons;  for  cxainpte  the  fillers  of  the  buceotabiiil  region  at  the  level  of  the  first. 
second  and  third  dorsal  vertebra;,  ThiH;  con  be  injiwcnccd  reliexly  througih 
the j>ulmonar>'  fibers  of  the  vagus,  but  also  througli  the  sciatic  nerve.  According 
to  Goltz,  a  similar  center  is  situated  in  the  lovrer  portion  o£  the  spinal  cord.  rcScx 
irritation  of  which  can  1>c  mdueed  through  the  visceral  ner\'es.  The  portion  of 
the  cerebral  cortex  having  vasodilator  functions  is  descrilH-d  on  p.  jHq. 

Golti  showed,  in  1*74.  that  vasomotors  and  vasodilators  are  situated  side  by 
side  in  the  tninkt  o(  the  extremities,  for  example  in  the  sciatic  (through  the  inter- 
mediation of  the  sympathetic).  If  the  peripheral  stump  of  this  ner^e  is  irritated 
immcdtatcly  aflcr  division  the  action  of  the  vasomotors  predomi nates.  If.  how- 
ever, the  ^riphcral  ttttunp  is  irritated  in  the  course  of  from  four  to  six  days, 
during  which  lime  the  vasticomnrictors  will  have  lost  their  irritability,  the  vc^ 
seb  become  dilated  in  consequence  of  the  action  of  the  vasodilators.  Irritants 
aflccting  the  ncrvus  at  long  intervals  stimulate  especially  the  vaaodtlators.  Tetan- 
iKing  imtanti,  howtver.  stimulate  the  vasoconstrictors'  The  latent  period  of  the 
vftsodilatoTfl  is  longer  and  they  are  also  more  readily  exhausted  than  tbe  vaao- 
consirictors.  Reduction  in  tcmjXTUlure  Imrers  the  irfitahilitv  of  the  vasodilaton 
in  leaser  degree  than  that  of  the  vasomotors.  Exposure  of  the  nerves  directly  to 
high  degree*  of  teiniierature  (up  to  50"  C.)  causex  irritation  of  the  vasodilators 
for  a  long  time,  as  do  also  closing  and  opening.  iu>  well  as  permanent  continued 
passage,  of  the  constant  current.  The  phenomena  described  fwrhich  have  been 
observed  by  Goltz.  Heidcnhain  and  Ostrouiuoff.  Pui£cya  and  TarchanoH  and 
others)  can  be  explained  by  uKtunung  that  the  gangtia  situated  in  the  restcls.  in 
analogy  with  the  automntie  gnngtia,  of  the  heart,  are  influenced  through  both 
sorts  of  vascular  nerws,  the  vasocon stridors  causing  excitation,  the  vasodilators 
inhibition  of  the  activity  of  these  ganglia. 

Certain  nerve-trunks  contain  fibers  througli  which  rt.-ilex  dilatation  of  x'csaeto 
can  be  induced,  and.  in  addition,  others  throu^  which  reflex  vasoconstriction  can 
be  brought  about.  The  former  arc  less  sensitive  to  cold,  are  more  irritable  and 
regenerate  more  quickly  after  injury. 

Irritation  of  ihc  loop  of  Vieujutens  gives  rinc  to  paeudomotor  conuactiona  in 
the  muscles  of  the  face  paralysed  in  conscoucncc  o(  dcstrtiction  of  the  facial  ncr\-c, 
in  tbe  same  way  as  does  irritation  of  the  chorda  tympani  in  the  tongue  paralysed 
in  concequencc  of  section  of  the  hypogloosus. 

In  an  analysis  of  the  phenomena  related  to  the  vesseU.  inmiiry  should  be 
directed  especially  to  determine  whether  such  dilatations  as  may  Iw  present  and 
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due  to  nervous  influences  are  a  result  of  irritation  of  the  vasodilators  or  of  paralysiK 
of  the  vaaoconaliicton.  This  is  of  great  sixni^ance  with  respect  to  the  interpreta- 
tion of  patholoiOPitl  phenomena.  Etnaiionsl  inAutmcird  may  alfto  afTect  the  vaso- 
dilator center.  Thus,  the  blush  of  shoaic.  which  tnav  not  only  involve  the  face, 
hut  may  al&o  extend  to  the  entire  skin,  is  probably  due  to  icritation  of  the  vaso- 
dilator center. 

The  va«odi]atar  nerv*»  obviouily  have  a  marked  influence  upon  the  bodily 
tcin|>erRtun!  and  upon  th»t  of  individual  portions  of  the  body,  iw  may  1i«  inferred 
from  what  has  been  said  wuh  reference  to  the  inlluenc*  of  the  vasticrmstrictors, 

It  cannot  be  denied  that  both  vascular  nerve-eeniers  repreaeni  imporlani 
rvculaton  for  the  diKCipation  of  heat  ihniuKh  the  vessels  of  the  sldn.  Probably 
they  arc  maintained  In  actix-ity  by  reflex  influences  through  sensory  nerves. 
Derangement  in  the  function  of  these  centers  mav  result  in  abnormal  accumu- 
lation of  heat  (as  in  the  prenence  of  fever]  or  in  abnormal  reduction  of  tempera- 
ture. 


THE  SPASM-CENTER.     THE  SWEATING  CENTER. 

The  meiiulla  uMongata  at  its  junction  with  the  pons  contains  a  center 
irritation  of  which  causes  general  convulsions.  This  can  he  excited 
through  sudden  venosity  of  the  blood  {asfhyxial  convulsions),  also 
through  sudden  anemia  of  the  mcduUa  oblongata  either  in  consequence 
of  rapid  hemorrhage  or  after  momentary  hgation  of  both  carotid  and 
stibrlivian  arteries  (k^itorrhagic  or  iinemtc  cottviilsions):  finally,  also 
through  the  action  of  sudden  venous  stasis  as  a  result  of  constriction  of 
the  veins  passing  from  the  head.  Under  all  these  conditions  the  irritation 
of  the  center  must  be  looked  for  in  the  sudden  intcrruplion  of  the  normal 
gaseous  interchange  IE  these  influences  operate  gradually,  death  may 
take  place  without  the  occurrence  of  convnalsions,  as  the  uninterrupted 
gascotiB  interchange  always  associated  with  the  onset  of  quiet  deatli 
shows.  Also  direct  irritation  by  means  of  the  application  of  chemical 
substances,  such  as  aninionium  carbonate,  potassium-salts,  stidium- 
salts,  and  others,  is  capable  of  rapidly  exciting  severe  general  convulsions. 
Finally,  it  has  long  been  known  that  intense  direct  mechanical  irritation 
of  the  medtilla  oblongata,  as,  for  example,  by  sudden  crushing,  causes 
general  convulsions. 

As  the  convulsions  occur  only  when  the  cerebrum  is  pre«erved.  Bcchtercw 
adopts  thr  \'iew  that  this  portion  of  the  nervous  system  contains  only  a  motor 
center,  but  no  spasm-center,  as  with  its  deslniclion  the  power  o(  tocomocton 
ceases.  Convulsions  occur  on  irritation  of  the  area  aftrr  the  irritation  is  con- 
veyed first  to  the  rrrcl>ml  ortca. 

According  to  Nothnaeel  the  spaem-ccntcr  in  the  rabbit  extends  above  the  ala 
ctnervji  upward  to  tlie  quadri geminate  bodies.  It  is  bounded  laterally  by  the 
locus  C'truleus,  together  with  the  auditor>'  tubercl*,  and  internally  by  the  eniinen- 
tia  leres.  The  center  is  generally  irritated  in  connection  with  extensive  reflex 
^asm. 

Numerous  poisons,  most  heaxt-poisona.  nicotin.  pterotoxin.  the  miti  of  am- 
monia and  the  cnmpoundt  of  barium  cau.ie  death  preceded  by  convulsions,  as 
they  irriiBlr  xltv  ^paxrn -center, 

Pathological.  ^St^hrodcr  van  der  Kolk  pointed  out  that  in  cases  of  general 
convut.iiotis  in  epileptics  the  seal  o(  irritation  is  mluaicd  within  iht-  Tntdiilla  ob- 
loncala,  the  ve»«.'ls  of  which  he  found  repeatedly  dilated  and  increased  in 
Dumber,  Under  such  conditions  the  medulla  would  be  in  a  state  of  incn-ascd  irrita- 
bility, Now.  it  has  he«i  shown,  in  the  discuiuion  of  the  vasomotor  centers,  that 
irritation  of  seneory  nerves  may  cause  both  sudden  coniraetion  as  wtll  as  dilatation 
of  the  ccreliral  vessels.  If  this  takes  place  in  the  vessels  of  the  medulla,  sudden 
aaomia  or  tranaitory  hyperemia  will  develop  in  that  structure  Both  conditions 
are  capable,  however,  o'l  irritating  the  medulla  in  such  a  manner  that  epilei>tiform 
convulnons  result.  It  is  often  the  caxe  in  connection  with  tcencral  epileptic  con- 
vulsions that  the  nerve  can  Ijc  distinctly  demonstrated.  Irritation  of  which  pvea 
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rific  to  the  vAscular  change.  The  peculiar  sensation,  aura,  that  occiira  in  th« 
course  of  such  a  nerve  before  the  outbreak  o{  the  coavukions  has  Ion2  been  kni>vrn. 
Naturally,  the  eonvulsions  may  he  iutluccd  b>-  direct  irritation  of  the  mctluUa  of 
diSerent  chAractvr. 

Brcwm-S<?qiiard  observed  that  ^inea-piga  beeamff  epileptic  after  injurM*  of 
the  cettlral  and  peripheral  nervous  system— spinal  eord.  medulla,  cerebral  pedunda^j 
quadrigeminate  hoaie«.  sciatic  nerve:    and  the  diwuse  thus  induced  was  tvta^ 
inherited.     Irrit.-ition  of  the  chrek  .-md  the  anierinr  aKjiecI  of  the  neck — epilep- 
lof;cnous  tone — exciies  the  attack,  and  in  the  presence  ot  unilateral  iniurirsof  the 
Spinal  cord  and  the  sciatic,  if  the  same  side  be  irritated ;  in  the  prcscnccof  injuries 
of  the  peduncle,  if  the  contraliitcrnl  renian  is  irritated.     Westuhal  made  gumea-i 
pi^  epileptic  b>;  repeated  gentle  blows  upon  thc&kull.     There  oevcloped  a  perfect' 
epileptic  condition,  n-hich  likcwiso  wag  inlieritablc.     As  the  cause  he  found  ex- 
trav^iation  of  blood  into  the  medulla  oblongata  and  the  upper  portion  of  the 
cervical  coed. 

Epileptic  convulsions  after  intense  irritation  of  the  motor  cortical  region  of 
the  cerebrum  are  discussed  on  p.  785. 

■A  dcminating  center  for  the  secretion  of  sweat  for  the  entire  surface  of 
the  tody,  to  which  the  local  centers  in  the  spinal  cord  are  subordinate, 
j$  situated  in  the  medulla  oblongata.  It  is  bilateral  nnd  unequally  irri- 
table in  the  rare  cases  of  unilateral  sweating. 

Physof^^ma,  nicotin.  picrotoxtn,  camphor,  ammonium  acetate,  stimulate  thtt-j 
secretion  of  sweat  by  a  direct  action  upon  the  swt^atine  center.     MuKcarin  cause*'' 
local  irritation  of  the  peripheral  sweat -fibers:   it  thereuire  causes  sweating  of  the 
hind  paw  even  after  section  of  the  sciatic  nerve.     Atropin  neutrahzes  the  etfecis 
□f  muscarin. 


PSYCHIC  FUNCTIONS  OF  THE  CEREBRUM. 

The  cerebral  hemispheres  in  man  arc  the  scat  of  all  psychic  activities. 
Only  when  the  former  arc  intact  are  the  processes  of  thinking,  feeling  and 
%'oUtion  possible.  After  destruction  of  the  hemisphere  the  organism  is 
reduced  to  the  level  of  a  complex  machine,  the  entire  activity  of  which 
can  be  considered  only  as  the  expression  of  internal  and  external 
stimuli  acting  upon  it.  The  psychic  activities  appear  to  he  localized  in 
both  hemispheres  and  in  such  a  manner  that  afler  extensive  injury  of 
one  hemisphere  the  other,  or  after  injury  upon  both  sides,  the  remaining 
cerebral  tissue,  is  capable  of  assuming  vicariously  the  ftmctions  of  that 
which  has  been  destroyed. 

CBSes  in  which  after  extensive  iintlateral  destruction  of  one  hemisphere  tbe 
psychic  activities  apparently  had  imt  suRm-d  are  not  rare      Even  wm-n  both 
hemispheres  are  destroyed  in  moderate  degree  the  intelligenee  may  be  appAmitly 
intact.     The  atatement  that  the  psychic  faculties  have  remained  intact  under 
such  circumstances  should.  howc%'er,  be  received  with  caution,  aa  it  is  obviously-^ 
in5nitcly  difficult  to  dctcnntnc  to  what  extent  these  had  been  developed  in  various.] 
diroctiona  prior  to  the  accident.     Excecdin^y  rare  cases  are  known  in  which] 
alternately  one  or  the  other,  and  then  both  hemispheres.  toKctlu-r,  took  part  in- 
tbc  mental  processes.     Recently  a  certain  violence  of  manner,  m.iliciouaneaa  anif 
indiffcrpnce  have  been  observed  repeatedly  after  injuries  of  the  frontal  portioc 
of  the  brain  in  man — cbanees  thai  Ferrief  attributes  to  loss  of  tbe  coocaptJotis ' 
acquired  hy  education  ana  association  with  others,  and  which  agree  with  the 
analoK'^i'B  chanBcs  in  animals  described  by  Goltz. 

Dtvetapmtntat  Defwls  of  tht  Brain. — Micxocephatus  and  hydrocephalus  cause 
loas  or  impairment  of  mental  functions  to  the  degree  of  mast  profound  idiocy.  Ex- 
tensive inflAmmation,  dceeneration,  preaaure.  anemia  of  the  cerebral  vcaaelt. 
well  as  the  influence  of  narcotic  dniiga.  aboliah  these  functions  altofetbier.  T 
extent  to  which  the  hemispheres  are  concerned  in  these  prDce**ea  u,  a«  ytt,  • 
matter  of  doubt.  Flourcns  believed  that  the  hemispheres  take  part  in  every 
psychic  act  throughout  their  entire  extent.  Therefore,  even  a  anall  remout  ei 
nealthy  hemisphere  Is  suflicient  for  the  maintenance  of  all  its  fanctiona.     To  tbe 
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<l«gTe«  in  which  the  hemispheres  are  removed,  all  of  the  (un«ttona  of  the  brain 
Bi«  impiiirti].  [f  the  Utter  iit  entirely  diminalcd.  ;ill  of  th<r  ruculliot  arc  lost. 
Thonrforc.  ncilhirr  the  different  functiotis  nor  tlio  dilTcrcnt  imprrssions  arc  IocslIjiccI 
in  special  situations.  Goltx  agrees  with  Flourcns  in  the  view  that  an  uninjured 
remnant  of  the  Siune  kind  of  cerebral  tinHue  is  capable  to  a  certain  degree  of  assum- 
ing the  functions  of  a  destroyed  portion.  This  capaliility  on  the  part  of  portions 
of  the  brain  to  act  vicariou^y  for  portions  that  have  1>ccn  tost  is  designated  by 
Vulpi&it  as  "lot  de  suppl^uici:" — law  of  functional  itulistitulion . 

As  opposed  to  th«  opinion  of  Flourens  the  phrenologicat  ti'ochin^  of  Goll  (died 
tSag)  may  be  recalled.  According  to  this  observer  the  vvtrioiis  menial  ftinctions 
are  localized  in  definite  situations  in  the  brain,  A  conspimous  faculty  always 
correspondii  with  a  voluminoua  development  of  the  reipeciive  portion  of  the  cere- 
bral cortex,  which  miiy  cvKn  be  recoenizrd  exlenwlly  Irnm  the  coiiliKuraiion  of 
the  tku]\—iTamaicopy.  Thus,  the  diflercnt  mental  lunciions  arc  to  be  rclerred 
to  certain  portions  of  the  cerebral  cortex.  Spunibcim,  who  elaborated  the  system 
of  his  friend,  set  up  the  following  catesories:  The  fJrat  class  comprises  the  aensa- 
ttoas,  including  the  instincts  and  the  feelings.  The  second  comprises  the  faculty 
of  comprehension,  indudtog  the  power  oif  recognition  and  that  of  thought.  Al- 
thou^  the  detailed  application  of  this  system  exhibits  a  certain  inFicxibittty, 
obvious  deAeienctes  and  undeniable  error,  nevertheless  the  question  is  worthy  of 
serioue  consuliiration  whether  the  funilnmenta]  thought  of  the  syRtem  is  entirely 
to  be  rejected.  The  discovery  of  the  localization  of  raovements  under  the  control 
of  the  will  and  of  conscious  impressions  and  their  association  m  the  cerebrum 
justify  renewed  exaininution  of  the  phrcnologicid  M>'Stem.  allhoueh  in  quite  another 
manner  than  that  pursued  by  the  ori^nator. 

After  removal  of  both  cerebral  hemispheres  in  animals  all  voluntary 
and  conscicmsly  pcrfoniied  movement  ceases,  as  well  as  every  conscious 
sensation  and  sensor)*  impression.  On  the  other  hand  the  entire  mechan- 
ism,  the  harmony  and  the  c(]ui!ibriun)  of  the  movements  persist,  as  vrcll 
as  those  functions  that,  independent  of  the  memory,  have  been  desig- 
nated as  lower  or  instinctive.  The  latter  fimclions  are  localized  in  the 
midbrain  and  arc  controlled  through  important  reflex  paths. 

Sudden  arrest  of  the  circulation  in  the  brain,  for  example  thTough  decaptta* 
tion,  is  attended  with  immediate  cessation  of  the  mental  processes.  Cm  pcrniitting 
arterial  blood  from  a  living  horse  to  pass  iraraedia.tcly  through  the  carotids  of  the 
decapitated  head  uf  a  doK<,  Hayem  and  Barrier  observed  sij^is  of  maintained  «co- 
sciouiaess  and  of  voLtion  in  the  head  for  more  than  t«n  seconds,  but  not  later. 

The  midbrain  is  connected  not  only  with  the  gray  matter  of  the 
spinal  cord  and  the  medulla  oblongata,  the  scat  of  the  most  extensive 
coiirdmatcd  reflexes,  but  it  contains  also  sensory  elements,  as  well  as 
fibers,  derived  from  the  higher  sense-organs,  wfiich  may  likewise  have  a 
reflex  effect  upon  motility.  Finally,  the  midbrain  contains  inhibitory 
apparatus  for  reflexes.  The  associated  action  of  all  of  these  ^larts  makes 
the  midbrain  a  controlling  organ  for  the  harmonious  execution  of  move- 
ment*, and  in  a  higher  degree  than  the  medulla  oblongata,  ThiS  is  seen 
especially  from  tlie  fact  that  animals  with  the  midbrain  preserved  are 
capable  under  varied  conditions  of  maintaining  the  equilibrium  of  their 
body,  which  is  lost  at  once  if  the  midbrain  is  destroyed.  Christiani 
determined  the  situation  of  the  cofirdinaling  renter  for  locomotion 
and  the  maintenance  of  equilibrium  in  'mammals  to  be  m  front  of  the 
inspiratory  center  of  the  third  ventricle. 

The  signilicancc  of  the  cooperation  betwc«n  cutaneous  eensibility  and  scnsc- 
imprcasions  for  the  maintenance  of  equilibrium  will  be  made  clear  from  the 
following  consideratioos:  I'he  frog  deprived  of  its  brain  at  once  loaes  its  power 
of  ei^uiliuration  as  soon  ag  the  «kin  is  removed  fmtn  the  hind  legs.  The  inrftience 
of  visual  impressions  is  recogniced  from  the  inabihtv  to  maintam  the  equilibrium 
that  is  observed  in  connection  with  nystagmus,  and  from  the  vertigo  that  often 
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kccooDpftnies  par^ysUi  of  the  external  ocular  musctes.     In  human  beings  irith 
Itn^sired  cutaneous  srtDiibiliLy.  the  eyv*  constitute  the  main  (leprntkncc  for  tba, 
maintenaTicr  of  the  rquilibrium.     Such  individuals  fall  on  closing  the  eyes. 

The  frog  with  it«  ccicbrum  extirpated  maintainfi  the  harmonious  equilibriu 
of  its  l^ody.  Placed  upun  itn  back,  tt  at  once  rulls  over;  irritated,  it  makes  a 
or  two  jumps;  thrown  into  the  water,  it  swims  to  the  marxui  of  the  reservoir.' 
climbs  upon  this  and  remains  quietly  seated.  L'nder  the  most  compl^-x  tncitinR 
ennditione  it  exhibits  complete  control,  harmony  and  uniformity  of  ita  move- 
ments. Without  external  irntalion,  however,  ii  makis.  at  least  at  fiiM,  no  inde- 
pendent vuluntar)'.  purftosflul  movrfnt.-nt.  On  the  ctmlrary,  it  sits  cnnstnntly 
ID  the  satnc  place  as  if  aslrcp.  it  takes  no  food,  it  has  no  coiisciotu  tMmsc  of  hiui- 
gcr  or  thirst,  it  exhibits  no  (car  and.  finallv.  il  dries  into  a  mummy. 

The  fiiecdi  tifhnws  in  the  »iiine  way  wnen  ita  ccreliral  heTniK)>berr5  are  re- 
moved Liriinilated.  it  rrmains  seated  as  if  in  sleep,  although  if  stimulated  it 
exhibits  complete  coordination  in  all  movctnenis  in  walking,  flying,  perching, 
and  balancing  of  the  Iwdy.  In  the  counv  of  several  daya  it  ehani;es  itt>  pOMtion  < 
apparently  without  extorna!  excitation  The  Miwory  ner\-e»  and  those  ot  spccia] 
Ren&e.  it  t«  true,  rtill  enndiiet  tmpntsrK  lo  the  brnin,  but  thejir  nre  capable  of  ex- 
citing only  rpflex  tnovemi-nts.  and  are  no  longer  capable  of  exciting  conscious 
sensations.  Therefore,  the  bird  starts  when  a  lirearm  is  discharged  in  its  vicinity, 
it-H  eye:*  blink  when  a  ll»ntv  is  bnnighl  near  lliein  and  the  pupiln  contract,  it  turns 
its  head  when  the  vapor  of  Bmmonia  is  applied  to  its  nose.  All  of  these  stimutt. 
however,  are  not  aponrciated  consciously  as  such.  Conception,  will,  memory  are 
lost,  and  the  animal  spontaneouMy  takes  ndther  [uod  nur  drink.     If  these  are 

C laced  in  the  pharynx  the  animal  swallows,  and  in  iticb  a  manner  its  life  may 
c  preserved  fi>r  months 

Fish  behave  somewhat  differenilv.     A  carp  whose  oerebmm  has  been  extir- 

fated  ia  capable  of  seL-mj;  ond  even  of'selecting  it*  food  and  of  tno^^nJI  voluntanlv 
'ndPr  thcKc  cirt'uin>!t;inct»  the  pBvehic  funetimi  rnuKt  t»c  located  hIwj  in  the  optic 
thalanms  According  to  Schrade'r  the  frog  is  said  in  l>ir  further  course  of  ob- 
ser^-ation  to  behave  in  a  similar  manner.  Reptiles  also  arc  able  later  to  move 
»[iORtam-otix1y.  although  they  exhibit  neither  fear  nor  anger.  Birds  also  arc  saidl 
later  cm  to  exhibit  spontaneous  movement,  Their  organs  of  aficcial  sense  (unc* 
tionatc.  but  they  ate  mind-blind,  mind-deaf,  etc. 

Marninals.  Gold  was  able  to  remove  the  cerebrum  from  dojo  and  to  keep 
the  animals  alive  (or  a  long  lime.  Kubac(juently  thev  exhil^itcd  good  (towers  of 
locomotion  and  the  ability  to  take  food,  a*  well  as  tasie.  tiwtile  sensibihiy,  hearing 
and  muscular  sensibility.  They  were  sensitive  to  bright  light,  without,  how- 
ever, being  actually  iibii-  to  nee  In  other  respects  the  dogs  wete  in  a  state  of] 
most  profound  dementia,  deeding  aK'nc  aflected  them  aureeably  and  they  showed 
also  a  sense  of  satiety.  In  other  respects  the  loss  was  evident  of  all  those  maoi- 
festations  (nmi  wliich  conclusions  are  (omied  u»  to  the  existence  of  intelligence, 
mcmnry  and  judgment. 

Obsei^ations  an  somnambulists  show  tbat  also  in  man  complete 
cToOnii nation  ol  all  movements  may  be  present  without  the  aid  of  con- 
scious volition  or  conscious  sensation  and  perception.  Most  onlinary 
movements  in  the  waking  state,  however,  take  place  without  the  aid  of 
consciousness,  being  contrnllcil  from  the  midbrain. 

The  degree  of  ilfvelnpntent  tif  tht  mrntal  aciivifies  i«  ihe  animal  iittgdcm  \'arie3 
in  accordance  with  the  siic  of  the  cercbr.il  hemispheres  in  proporiioo  vo  the  re- 
maining portions  of  the  central  nerviius  system.      Ii.  however,  the  brain  aknc 
is  taken  into  consideration  it  will  be  found  that  tho««  animals  posKSs  the  higher 
B«de  of  intelligence  in  which  the  cerebral  hcmispheiv«  greatlv  preponderat*  Ov»r 
the  midbrain.     The  taller  is  represented  in  the  lower  vcrtcWates  by  the  optiai 
lobes,  in  the  highttr  bv  the  quadri geminate  l>odie«.     In  Fig    35*,  Vf  represents] 
the  brain  of  the  caqi,*\'  that  of  the  frog,  IV  that  of  the  piEron.     In  all  of  tli««« 
figures  the  hemispheres  are  indicated  by  the  numeral  1.  the  optic  lobes  by  tbe 
numeral  1.  the  cereltt'lUim  by  the  numeral  3  and  the  medulla  oblongata  by  tbel 
numeral  4      In  earns  the  cerebnim  is  even  smaller  than  the  optic  thalami.  whilal 
in  frogs  it  ia  already  larger  than  the  latter.      En  pigeons  the  cerebrum  cxicndal 
downward  to  the  cerebellum.     In  correnpondencewiihihcse  variations  in  aire  is  tfaaf 
degrMof  intelligence  preient  in  the  animals  named.      In  lhe(log'4l<r:iin  (Fig.  75$,  II) 
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thv  h«mi8i>(iVTes  cover  the  ituiidriKcrninabe  bodies  cntin-ty,  but  the  cercWUuni 
«tiU  lies  behind  the  cerebrum.  Only  in  man  do  the  occipital  lobes  o(  the  cere- 
brain  entirely  «<>vtr  the  cc«-bclKin» 

According  lo  Mc\iU'rl  tht'se  rvUtions  can  be  made  clear  in  anoiher  manner. 
U  is  well  Jcnown  ihat  (ihtrK  pnc*  downward  from  ihe  cerebral  hemifiphcn-s  thnmfth 
the  ccreliral  [n'duncles,  ]iari.ir«]:irly  their  lo«vr  poriion.  which  is  kiuiw-n  iir  ihe 
criula  of  ihi?  jwdunclf.  Thisi*  separated  by  the  subslanlia  nigra  from  ihe  uppirr 
portinii,  which  is  tlesiKTiaieti  Uie  teumenLum  and  i»  c<ni«i-cted  «'ith  the  quadn- 
ipminnte  biMlics  and  the  uptic  thulami.  The  larEtr,  thrrcfore,  the  cerclirji]  hemi- 
spheres the  more  numerous  arc  the  fibers  passing  to  the  crusia.  In  Fig,  iS4  a'  H 
is  Abown  a  vertical  aectian  ihrouKh  the  posterior  quadrigvminate  bodies.  incLudiag 
the  aqueduct  v{  Sylviiut.  and  tne  two  cervVfml  peduncles  (r^m  an  adult  man; 
p  p  in  the  cruMta  a{  cnch  peduncle,  over  which  lA  the  eubKtnntia  nlsra  (») .  Fie.  IV 
exhibits  the  same  relntions  in  the  ape.  Fig.  Ill  in  the  dog  and  hnallv  Fig.  V  in 
the  guinea-pig-  It  will  at  once  be  se«n  thai  the  sieeof  the  cru*ta  diminishes  in 
the  i>rdur  named  In  correcpondence  with  thiit  then.-  it:  an  niiiiloguuK  ibminution 
in  the  sixe  of  the  cerebral  hemispheiVE  and  at  the  same  time  of  the  intelligence 
of  the  respective  animals. 

Pinalfy,  the  decree  of  intelligence  iii  dependem  upon  ibe  complexity  of  the 
fissures  in  the-  hemispheres.  While  the  fissures  arc  yet  wholly  wanting  >"  the 
lower  animals  (lish,  ftoc,  bird.  Pig.  ij*.  IV.  V,  VI)  two  shallow  iissu res  are  pruscnt 
on  each  »ide  in  the  rabbit  (HO.  The  brain  of  the  dog  already  exliibite  numerous 
con volut urns  (I.  "t.  The  complexity  of  the  convijlutioin  in  the  elephant,  the 
mn«t  mtclli^nt  of  animals,  ijs  sinking.  livcn  in  evertrbrntcK.  as,  for  example,  a 
numlwr  of  insects  cnduft-cd  with  delicate  instinct*,  ccnvohitiims  hai'c  been  ob- 
served m  the  cerebrum.  Naturally,  it  cannot  be  denied  that  evt-n  some  animals 
of  low  intelhgence.  such  as  the  cow,  pOKst-u,  hemixiihere.t  with  ctmiplex  convolu- 
tions, A  similar  condition  has  often  Iiren  found  in  man  in  assiKiation  with 
marked  mental  development,  although  brains  rich  in  convolutions  have  been  ob- 
served also  in  incompetent  pcnunw.  In  the  mak-  acx  the  a^-eracc  absolute  weight 
of  the  brain  of  tJie  first  two  decade*  is  ureater  than  in  (eraale.s.  The  absolute 
wei^t  of  the  brain  cannot  be  taken  as  an  index  of  the  degree  of  inieUigence. 
The  elephant  has  the  ahjtoluteh*  heaviest,  mun  the  relativelv  hcavitst  bram, 

The  cerebrum  consirts  in  all  vertebratev  of  three  di\T*ions:  the  W/d-rri'rj'  (ij(>r, 
the  siriote  Iwdy  and  the  ccMtx.  The  olfactory  apparatus  is  situated  at  the  base 
id  is  well  developed  in  lish.  although  it  varies  greatly  in  size  in  vertc- 
itcs.  It  is  large  m  ruptiles  and  Mmnll  m  litnht.  The  ttriau-  ln)dy  in  pretty  tmi- 
jy  developed  and  serves  as  a  means  of  connection  l>clwi-cn  the  ojHic  thalamus 
■od  the  forcbrain;  from  birds  and  mammals  onward  connections  between  the 
tJialamus  and  the  cerebral  cortex  appear.  The  carehrol  cortix  ia  the  most  impi/rtant 
purtion  uf  the  braui  with  resi^ect  to  mentnl  development.  In  the  Ixmy  hsl>  and 
the  ganoids  it  is  represented  by  merely  a  thin  epithelial  plate,  In  reptiles  a 
cerebral  cortex  related  to  psychic' a«tivi  t  y  liret  appears,  but  at  the  beginning  there 
is  only  an  olfactory  sphere.  These  animals  are.  therefore,  the  earliest  that  a« 
jible  lo  retain  olfactory  impreaBiona  in  memorj-  and  to  utilize  them  psychically. 
In  birdft  the  visiuil  sphen?  and  the  optic  radiatum  sjijwiir  first  and  these  imimalt 
are  therefore  the  lowest  Chat  appreciate  visual  impressions  psychically.  In  mam- 
niali  the  other  .sphere*  are  ddded.  In  niammaU  the  relations  between  the  sensory 
and  the  urnsnn'al  ncrve-patlus  to  the  cert-bral  cortex  increase  proEressively.  The 
bruin  uf  the  mammal,  however,  is  cfaaTocterized  particularly  by  the  remarkable 
development  of  4vsstx:iatioii-paths. 

Time-relatioiu  of  Ueatal  Processes.^ Fur  the  occurrence  of  mental  processes 
it  is  ntecsjinr^-  (or  n  certain  lime  tiJ  i:la|>£C  l»<;twecn  the  application  of  the  stimulus 
and  the  conscious  reaction.  This  'i-iKiiiHt-liw*,  which  is  much  Innj^er  than  the 
simple  reflex  time,  can  be  measured  by  noting  the  moment  of  irritation,  and  then 
having  the  indi^'idintl  undei'  examinatii:in  make  a  «ii^iul  indicating  thi?  resulting 
correct  conception.  The  reaction -time  will  then  consist  (i)  ()f  the  dnnilitmcil 
perception  (entrance  into  consciousness):  (a)  of  the  duration  of  apperception 
(consciousness  of  the  special  qualities  of  the  sensation,  such  as  fonii.  pitch,  color, 
etc),  (j)  of  the  duration  uf  the  voluntar>'  impulse  (for  the  makinj:  of  the  siguaU. 
in  addition  there  is  lo  be  taken  into  account  (4I  the  time  required  in  the  propa- 
gatiun  ihrougii  the  centripetal  nervous  apparatus  and  (5)  through  the  motor 
nerve.  If  the  signal  is.  as  usual,  given  with  the  hand,  the  reaction-time  for  im- 
pressions of  Kound  is  frtvm  o-t^d  to  o.ib;  second,  of  light  from  0.15  to  0.394 
second,  of  taste  from  e.15  to  0.13  second,  of  touch  from  o.tjj  to  o.ioc  second. 
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Heat  is  appreciated  later  than  culd,  pressure  earlier  than  heat.  The  reacUon-lime 
{or  the  perception  of  dclor,  which  niiturally  is  dejicndent  upon  many  drciim- 
startces.  such  as  rctpiraton-  phaK>.-s,  drait,  is  from  o.a  to  0.5  second. 

irnlslion  ol  c^nsidiTaolc  intrnsitv,  increased  nttcntivcnew,  procticc.  itnticipu* 
tion  of  familiar  imprcasionB  shorten  t^e  time.  According  to  Lange  in  the  case  of 
the  sennoriul  reaction  after  prt-jiored  i»ttentivene«,  the  apperceptiMi  coioeidcs 
with  the  jM-rcrpiitjn.  The  imiseulnr  reaction,  on  giving  the  signal,  miiy  tinally. 
however.  De  convtricd  nko  into  a.  simple  reflex.  In  the  case  of  tactile  impressidns 
those  are  moat  rapidly  perceived  that  aiTect  situatioiu  endowed  with  the  crcatcut 
acuity  of  tht-  »p:ttial  senitc.  The  time  may  ''c  prolonecc!  in  the  imsi-  of  slion* 
irritants  and  in  that  of  complex  objects  to  be  distinguished.  The  duration  oE 
apperception  for  a  number  ni  from  one  to  three  figures  was  in  obecrvations  o£ 
Ttgerstcdt  and  Bcrgquisl  from  0.015  to  0.035  iteeond.  Alcohol  and  anesthetics 
alter  the  time.  occa.«ion™ily  shortening  it.  or  they  prolong  it.  in  accordance  with 
the  intensity  of  their  effects  If  two  diftercnt  impressions  arc  to  be  recognized 
ps>'chicaU>*  in  rapid  eucce^ion  a  certain  inteT\'al  of  time  is  neceasary,  Tvbich  for 
the  ear  is  e.eoi  to  a  007  second,  for  the  eye  from  0.044  to  0.047  second,  for  the 
tactile  organ  of  the  linKer  00177  secmid  (for  two  electrical  cutaneotis  stimuh  from 
O.033  to  0.056  second). 

During  ahei^iic  axid  waking  the  periodicity  of  the  active  and  resting  state  of 
the  miitd  can  be  recognised  During  steep  there  is  dimininhed  irritaUlity  of  the 
entire  ncrvoua  syxUim.  which  is  expticablc  only  m  pari  through  fatigue  of  the 
centripetal  ncrvce.  but  is  especially  attributable  in  a  peculiar  manner  to  th« 
centrai  nervous  aystem.  During  sleep  stronger  irritation  ia  required  in  order  to 
exeice  reflexes.  During  deepen  sleep  the  pcychie  aett\ifies  appear  to  be  wholly 
at  teat,  so  that  the  sleitping  ]wrsf>n  may  be  compared  t<i  a  lieing  with  exiiriiated 
cerebral  hemispheres  Toward  the  time  for  awaking,  however,  psychic  acti\*iiie8 
may  appear  in  the  form  of  dreams,  but  in  a  manner  differing  from  normal  psychic 
proce»«c«  'ITiey  comprise  either  sensations  of  which  the  objertive  cause  is  want- 
ing (therefore  hnllnciniitions).  or  volitional  impulses  or  conceptions  that  usiiidly 
arc  not  executed  and  that  arc  ioi  ihc  innai  part  absent  in  thcheallhv  logic  of  the 
thinking  procera  during  the  wslcing  state.  Often,  ciipccially  toward  tJic  time  of 
awaking,  actual  »timuli  arc  interA*'ovcn  with  the  drcam-images  and  thi-v  may  affect 
various  organs  of  special  sense  Reduction  in  the  activity  of  the  iieart,  of  th« 
blood-pressure  in  the  arteries,  of  the  amounlof  blood  in  the  brain,  of  the  irtiiabihty 
of  the  motor  conical  centers,  of  the  activity  of  respiration,  of  gaainc  and  intestinal 
movement,  in  the  generaiiioi  of  heat,  in  the  secretions  indicate  a  Iess<-ning  in 
the  activities  of  the  respective  nerve-cenlers.  and  the  diminished  reflex  activity  a 
lessening  in  the  activities  of  the  spinal  cord.  The  pupils  during  sleep  are  ths 
smaller  the  deeper  the  sleep,  so  that  in  deepest  sleep  they  cannot  be  made  to 
contract  on  exposure  to  light.  They  dilate  in  response  lo  sensory  or  auditors- 
stimulation  and  in  greater  degree  the  less  deep  the  sleep.  They  attain  their 
greatest  sice  at  the  moment  of  awaking.  It  appears  that  during  lUecp  a  state  oC 
irritation  of  the  central  organ  exists  through  which  increased  activity  of  certain 
sphincter- muse  lee.  such  as  the  sphincter  ot  the  iris  and  that  for  clnsure  of  the 
eyelids  :s  brought  about.  The  soundness  of  sleep  can  be  determined  from  the 
inteimiy  of  the  couiul  that  is  required  to  cause  awaking.  Thus.  Kohttchtitter 
found  that  sleep  at  lirst  rapidly,  then  more  slowly  deepens,  and  after  an  hour, 
according  to  MonninghcirE  and  Pricsber^n  after  if  noiirs,  is  most  profound;  then. 
at  first  rapidly  and  uiter  more  slowly  it  liecomes  again  shallow  and  finally  several 
hours  bciorc  nwaking  continue*  in  almost  uniform  shallow  depth.  External 
or  interna)  irritation  is  capable  suddenly  of  diminishing  the  depth,  altbougb 
renewed  deepening  follows.     The  deeper  the  sleep  the  longer  it  lasts. 

The  eaux'  of  sleep  ■«  the  consumption  of  potential  energy  in  the  nerves,  prituri- 

fiallv  in  the  central  organs,  which  renders  restitution  necessary.  Perhaps  accttmu- 
ations  of  decomposition -products  in  the  bodv  (?  lactates)  indtice  sleep.  The  ad- 
vent of  sleep  is  favored  by  the  removal  a«  ^ar  as  possible  of  all  seDse-imiatioas- 
Sleep  cannot  voluntarily  l>e  postponed  indehnitely .  ur  be  interrupted.  ThehypooUe ' 
eflect  of  many  narcotics  is  remarkable.  Absolute  sleeplessness  causes  death  (in 
the  dog  after  00c  hundred  and  twenty  hours),  with  reduction  of  temperature, 
dimiiiislicd  reflex  uctivilv  and  changes  in  the  brain. 

HypootUm.— In  connection  with  the  subject  of  sleep  reference  should  be  made 
h«n>  to  the  most  iiuportanl  results  of  investigations  into  kypmclism  or  antmal 
*muiwrUM  as  <li»elosec  by  the  studies  of  Weinbold.  Heidenhain,  Grutxner,  Bergi-r 
and  otben.     As  the  cause  of  this  condition  Heidenhain  considers  an  inbtbttton 
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of  the  activity  of  the  ganglion  •cells  of  the  cerebral  cortex,  induced  b>'  sli^t  per- 
siBtcni  irritaiioo  of  the  face  (by  means  of  gcnilc  stroking,  feeble  clcctncal  cur- 
rents), «r  of  the  optic  nerve  (stAfing  at  a  bright  button),  or  of  the  auditory  nerves 
(uniform  Bounds).  Intense  and  sudden  irritatiun  vt  the  sume  nerves  ra^dly 
aboUahca  the  state,  paxticularlv  blowing  on  the  («cc.  Bcrger  Attaches  cspt-cial 
aigni6cu)co  to  the  peychologiCAl  influence  of  tbe&rtiticlAlly  excited  conception  and 
attention  and  their  concentration  upon  eertain  portions  of  the  body.  Schneider 
believes  that  the  abnormal  exclusive  concentratton  of  (^cnikciousnej^s  upon  the 
act  of  hypnotitation  furnishes  the  cause  for  the  phmnniciion.  The  lirtl  hyp- 
notismtion  of  an  individual  Is  effected  vith  greatest  diDiculty,  aJid  long  fixation 
of  a  brilliant  object,  which  Braid  mcommended  as  early  as  1841  for  the  develop* 
mcnt  of  an  anesthetic  state,  appears  in  this  connection  to  be  of  special  sienificance: 
although  the  ability  to  be  hypnotized  varies  greatly  in  different  individuals.  On 
repeated  hypnotisation  the  condition  can  often  be  induced  vHtb  extreme  ease, 
for  example  t>y  means  of  simple  pressure  u[>on  the  brow-  or  by  placing  the  eubject 
passively  in  a  definite  position  or  by  Htrulcm^,  In  some  inJtviduii1«  the  mere 
conception  of  the  at>proflch  of  the  conditian  is  sufhcient  to  induce  it.  as  Cardanus 
observed  in  himself  in  iss.j- 

The  hvpnuiixe<!  individual  is  first  incapable  ol  opening  the  closed  eyelids. 
There  is  tnen  ^asm  of  the  sccommodative  apparatus  of  the  eye.  the  ranze  of 
acconunodation  Dcing  diminished,  and  abaormal  positioos  of  the  eye  arc  observed. 
Next  there  appear  irriiativc  iihenornena  in  the  didtribuiion  of  synipaihctio  ncrvea 
arising  from  the  medulla  obloneatn.  such  as  widening  of  the  }>ulpebra1  fissure, 
dilatation  of  the  pupiU,  cxophthaUnos.  acccleiation  01  respiration  and  of  pulse. 
At  a  certain  stage  a  marked  increase  in  the  acuity  of  the  special  senses  can  at 
times  be  demonstrated,  and  also  of  muscular  sensibility.  Later  on,  analgesia  may 
Mpear,  with  preservation  of  tactile  sensibility  and  loss  of  the  sense  of  taste. 
Trie  tempera ture-senge  disappears  with  greater  difheulty.  and  still  later  the  senses 
of  si^t.  smell  and  hearing  become  affected.  The  stimuli  affecting  the  organs  of 
special  sense  caiwe  no  conscious  aensory  impressions  on  account  of  the  suspension 
oif  consciousness.  At  the  same  time,  however,  the  irritation  of  the  organs  of 
special  sense  ma^'  induce  movements  on  chL-  part  of  the  hypnotized  individual: 
such  as  unconscious  acts  that  appe«r  to  be  voluntarily  cxccutuil  in  imitation  of 
others.  In  this  way  is  to  be  explained  the  fact  thut  the  hypnotized  individual 
appears  to  perform  even  foolish  acts  on  command,  wliili;  he  imitates  movements 
first  made  by  the  experimenter,  without  conKtousncss  of  the  signiticance  of  bis 
acts.  In  individuals  with  greatly  increased  reHcx  irritability  voluatarv  move- 
ments mayexcite  reflex  spasm,  for  example  inability  to  make  coCnlinatocf  si>cech- 
movements. 


which  may  persist  for  days,  groups  of  mimcles  become  contracied,  especially  in 
stroag  persons.  At  the  same  Umc.  there  may  be  ataxia,  and  the  muscks  may 
fail  to  jijcrfonn  their  function,  llypnotited  individuals  can  be  placed  in  positions 
of  varied  kind — artificial  catalepsy.  In  the  stage  of  hysterical  lethargy  the 
tendon-reSexee  are  at  times  increased.  At  the  same  time  the  muscles  become 
Unnly  contracted  as  soon  as  they  or  their  nerves  are  pressed  upon.  Nerve  and 
muscle  in  the  cataleptic  stale  exhibit  increased  irritabtuty  to  the  constant  tnirrent 
and  diminished  irritability  to  the  faradic  current.  In  the  condition  of  bynerical 
caialErp>t>'  the  lendon-rellexes  are  often  entirely  absent,  (t)  Commond^ttbmomy, 
in  which  till-  h>'pnulizc(l  individuals  are  obedient  in  sliallow  sleep,  at  liret  with 
still  preserved  consciousness.  When  grasped  by  the  hand  or  stroked  upon  the 
head  they  perform  involuntary  movements,  such  as  running  about,  aandag, 
riding  upon  a  chair  and  the  like.  The  elTects  of  so-called  xugj^efiian  are  peculiar, 
that  IB  conceptions  can  bo  aroused  in  the  hypnotised  subject  by  suggestion  and 
these  may  dominate  the  JmpulKB  and  sensations  of  the  indi\*idual  for  a  consider- 
able time.  (4>  HaUuctnattons  occur,  and  only  in  certain  individuals,  on  gradual 
awakening  from  deep  sleep.  The  hallucinations,  generally  of  phenomena  related 
to  fire  and  olfactory  impressions,  are  usually  quite  profound,  both  the  agreeable 
as  well  as  the  frightful  ones,  and  they  often  recur  in  tlrcanis.  (5)  fmitation  is  rare. 
Grosi  movements,  such  as  walking,  are  readily  imilaled;  more  delicate  or  even 
the  most  delicate,  principally  in  the  uneducated,  occur  less  cnmmonly.  Echth 
sp*ech  can  be  induced  by  pressure  upon  the  neck  and  speaking  into  the  pharynx, 
against  the  epigastrium  and  against  the  nape  of  the  neck.     Pressure  upon  the 
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risht  evebrow  often  inhibiu  speech.  Color«peroci'ti"i  is  abolished  or  disturlicd 
by  applying  the  warm  hands  upon  the  eye  or  by  strokine  the  opposite  side  of  the 
head,  stroking  in  a  direction  op^iositc  to  thai  in  which  stroking  had  previously 
been  pntctiscd  ),Tudually  ubutishvs  the  risidity  of  the  members  in  sleep;  blowin;; 
doc*  this  immediately.  IntKinc  persons  arc  susccptibk-  to  hj'p"''''*™  equally 
with  hoalthy  oersftna.  Uisagrecablc  eomnlicRtirmB  arise  only  if  the  nrnctice  b« 
overdone;  it.  lor  example,  it  be  repealed  daily  for  one  or  two  u-ceks  with  the  6sin»i 
jtentm,  who  then  readily  fallc  spontanoouKly  into  a  state  of  hypnolism  and  cata*^' 
lepsy. 

llypnotic  stales  can  be  induced  aJso  in  animats  Hens  (alsn  aftirr  removal  of 
the  cerebrum)  assume  a  riptl  patiiion  if  an  object  be  suddenly  placed  in  front 
of  the  eye,  <>r  a  itruw  he  placed  over  the  WaV.  i>r  m  chulk  line  be  draviti 
in  front  of  the  hend  pressed  upon  the  tn'ound  (Kirchcr's  miraculous  experiment, 
1644)-  Birds,  rabbits,  fro^  remain  irrcaponeive  when  held  for  a  ttme  by  f>cntlc 
pressure  in  a  fixed  position  upon  the  back;  crabs  stand  upon  the  lop  of  the  head. 
as  well  as  the  tips  of  their  cinws. 

H>'pno1i8m  may  bo  employed  tli^afvuiieally  in  esses  of  colnr-Hindness,  bi- 
somnta.  hysterical  convulsions  and  emotional  disturbances.  Also  the  inAuence  of 
suglCestion  may  be  important,  but  great  care  is  necessary  in  Its  e(nplo>']nent. 

THE  MOTOR  CORTICAL  CENTERS  OF  THE  CEREBRUM. 

Fritsch  and  Hitzic.  in  (870.  discovered  upon  the  surface  of  the  con- 
volutions of  the  cerebrum  a  number  of  circumscribed  areas,  electrical 
stimulation  of  which  causes  movement  in  definite  yroups  of  muscles 
on  the  opposite  side  of  the  bodj*  (Kig,  258,  I.  11). 

Method. — To  the  exposed  Ryri  of  the  cerebrum  (doi;,  ape)  two  blunt  unpoUr* 
ieabic  electrodes  a.re  applied  cl<vsc  t'^gclbcr,  and  stimulation  is  practised  by  means 
of  closure,  opening;  or  alternation  ot  a  constant  current,  the  strength  of  which 
causes  a  distinct  sunuition  iit  the  lip  of  the  tonKui:;  or  tht"  induced  current  is 
employHl.  the  strength  of  which  causes  a  readily  tolerated  irritation  at  tl»c  tip 
of  the  tongue.  Luciani  ob(er%-ed  movements  appear  in  consequence  of  mechanical 
stimiilatifni  by  Kcrapintc.  The  cerebrum  is  wholty  insensitive  to  painful  ma- 
nipulations 

The  regions  of  the  cerebral  cortex,  stimulation  of  which  causes  char- 
acteristic  movements,  must  be  considered  as  true  centers,  as  is  evident 
from  the  tact  that  the  latent  period  after  irritation  of  the  centers  and  the 
duration  of  the  muscular  contraction  are  longer  than  if  the  subcortical 
fibers  passing  from  the  centers  into  the  depth  are  irritated.  In  favor 
of  this  view,  further,  is  the  circumstance  that  the  irritability  of  the  areas 
in  question  can  be  modified  by  stimulation  of  centripetal  ner\-es,  Prob- 
ably it  is  these  centers  upon  which  the  will  operates  in  the  execution  of 
intended  movements,  and  for  this  reason  tliev  are  desi^ated  psyckrt' 
motor  centers  by  Landois.  The  motor  rone  of  the  brain  is  shown  to  be^ 
a  center  also  from  the  presence  of  special,  large  pyramidal  cells. 

There  are  animals  that  conn:  into  the  world  with  completely  developed  motor 
and  scnsorv  functions.  In  these  the  motor  cortical  centers  of  the  new-bom  arc 
already  irri'tablt.  In  such  animals,  however,  that  are  born  with  incotnplele  motor 
and  jensory  functions  either  the  irritability  of  the  corlex  is  still  wantinj;  entirely, 
so  that  onlv  the  deeper  libera  of  the  corona  radiata  are  irritable,  or  movcmcnis  can- 
not jret  be  induced  separately,  and  iJii-j-  are  at  the  same  time  slower  and  more 
slugeiBli.  with  a  longer  lalenl  period  Man  may  exhibit  an  analogous  condition- 
weep  narc»i«i«.  ax  well  as  apnea  and  asphyxia,  Hl>olish  tlie  irritability  of  ths 
centers,  while  the  subcortical  conducting  fibers  retain  their  irritability,  loter- 
(crcncc  with  the  blood-supply  to  the  head  gives  rise  to  loss  of  irritability  of  the 
corticnl  centers  and  of  the  conducting;  filteni  pasainit  from  them.  Adrr  restoration  • 
of  the  circulation  in  the  bmin  the  irritatnUty  returns.  Small  doses  of  narcotic 
poisons,  of  atropin.  moderate  loss  of  blood,  increased  blood-pressure  in  the  brain 
and  slight  inllammat ion  increase  the  irritability,  while  more  iipif^Jund  influences 
of  the  same  kind  abolish  it.  as  docs  also  direct  application  of  cold  or  of  coeain. 
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If  the  ccrcbro]  cortex  is  removed  from  nn  animitl,  the  trrit&bility  nf  the  fibers 
of  the  corona  radiata  disappears  completely  ot  nlxmt  the  fourth  aay.  exactly  as 
does  that  of  a  peripheral  nerve  separated  from  ils  cemcr. 

An  the  fitienB  (of  the  corona  radtata  iir  project  ion -system  of  the  first  order) 
pass  from  the  cerebral  cortex  toward  the  center  of  thchemisjihcTcs.  it  can  l>c 
iindcrsiood  that  after  removal  of  the  cortex,  inasmuch  as  the  course  of  the  nerve- 
fibcm  in  the  depth  of  the  hcmibphcres  is  fullowcd.  the  same  motor  effect  can  l>c 
obtaiiwd  by  imtation  of  thwc  fibers.  I£  the  stimulation  be  tho»  cmitiiiucd  pro- 
gressively to  the  internal  capsule,  where  the  conductms  ii\xn  lie  close  together, 
general  conlractiwis  of  the  c"r>t ra lateral  muscles  will  be  observed.  The  motor 
ftbers  ar<-'  imtable  aI*o  wuhin  the  cms  cerebri. 

Tlme-relatioiia  of  the  Irritation. — .Aeconlini;  to  Franck  and  PitreK  0.045  cecond 
elapses  between  the  moment  of  stimulation  of  the  cerebral  cortex  and  the  mov«- 
menl.  after  subiraction  of  the  muscular  latent  period  and  the  lime  for  coa- 
dtiction  throu|[h  the  spinal  cord  and  the  nerve  of  the  i^xlreniity.  Bubnolt  and 
Hcidenhain  found  that  in  morphln- narcosis  of  moderate  dej^rre  the  contraction 
became  greater  and  the  reaction-time  shorter  with  incrcaiinK  strength  of  the 
stimulatiat::  current.  After  removal  of  the  cortex  the  total  delay  in  the  onset 
of^controction ,  after  be^nnnin);  stimulation  of  the  white  medullary  tissue,  is  dimin- 
ished from  one-quarter  to  one-third.  The  form  of  the  muscular  contraction  (eon* 
traction -curve)  is  longer  and  more  extended  if  the  cnrtex  is  stimulated  than  if  the 
subcortical  conducting  path  is  stimulated.  If  the  animal  (dog)  is  in  a  state  of 
marked  reflex  imtabihty,  theue  dtlfen-nceit  do  not  appear  In  either  event  the 
contraction  takes  place  ranidly.  In  case  of  slrunK  irritation,  the  muscles  ot  th« 
same  aide  also  contract,  though  somewhat  later  than  those  of  the  opposite  aide. 
If  the  motor  point  for  the  foreleg  and  that  for  the  hind  leg  arc  stimulated  at  the 
name  time,  the  latter  contracts  the  later  If  the  ntimuluH  is  applied  to  a  motor 
point  forty  times  in  a  second  the  muscles  in  question  make  forty  individual  con- 
tractions. With  forty-six  separate  stimuli  in  a  second  persistent  contraction  re- 
sults In  the  same  animal  the  itarae  number  of  stimuli  are  necessarj-  for  the 
produetion  of  «uiiiaini.-(l  contraction,  whether  the  cortical  center  or  the  motor 
nerve  or  even  the  muscle  is  iirilatcd 

In  the  cai;c  of  exceedingly  feeble  stimulation  the  phenomenon  of  iHrnmation 
oj  Mimult  is  observed,  the  musctilar  contractioriK  commencini;  <mly  aflrr  several 
at  lirst  ineffective  «imuli.  The  time  required  for  the  votuniary  mhibition  of  a 
movement  already  present  is  about  equal  to  the  time  for  the  votuntahly  induced 
movement-  , 

The  sitaation  of  the  motor  centers  in  the  brain  of  the  dog  can  be  seen  in  Pig. 
3j8.  1  and  II.  For  purposte  of  orientation  it  should  \ir-  staled  that  tlie  surface 
w  the  brain  in  the  dojj  exhibit*  two  pritnary  fissurfs.  the  cntciaie  tulent  (S)  which 
iniemects  the  longitudinal  sulcus,  dMding  the  hcmii^here  in  its  anterior  third, 
almost  at  a  right  angle-  Thi?  second  [irimary  fisnurc  is  llie  jatsa  aj  Sytvttit  (K). 
Four  primordiai  cottxiotittioHs  arc  arranged  in  a  definite  relation  to  these  primary 
Assures.  The  first  primitive  convolution  (H  surrounds  with  marked  flexion  the 
sharply  defined  fossa  of  Sylvius  (F).  The  srciind  primitive  ttin\-oluli"n  (11) 
passes  almost  puallel  to  the  first.  The  fourth  primitive  convolution  is  bounded 
m  the  middle  line  by  the  convolution  of  ibc  opposite  side.  It  surrounds  the 
cruciate  sulcus  (S)  antcrioily,  so  thai  the  portion  l>'ini;  in  Irout  of  this  can  be 
readily  differentiated  oa  the  prccruciatc  ji^rus  from  the  postcruciale  xynx*  lying 
bchinj  it.  The  third  primitive  convolution  (111)  ie  in  general  parallef  with' the 
fourth. 

In  Fig.  958.  I  and  II.  the  sittiaLions  of  the  motor  centers  are  indicated  by 
dots,  althtnigh  their  position  varieK  somewhat  and  mav  rvni  lie  different  uixni  the 
two  sides  of  the  brain.  It  should,  however,  be  stated  that  the  individual  centers 
do  not  have  merely  a  punctate  c.vicnt.  but  that  in  accordance  with  the  siic  of 
the  animal  they  represent  airas  the  niie  of  a  pcra  and  larger,  whose  central  point.t 
arc  indicated  by  tlic  dots  in  the  illustration. 

Friltch  and  Hittie  isolated  tlie  following  motor  centers:  (1}  For  the  mus- 
cles of  the  nape  of  the  neck;  a  secoml  centi-r  wua  found  bv  Werner  i*-low  7. 
(1)  For  the  extensors  and  abductors  of  the  fort^le;^-  t^)  For  flexion  and  rotation 
of  the  foreleg.  (4)  For  the  movements  of  the  hmd  U;)^.  which  l-uciann  nntl  Tam- 
burini  were  able  to  separate  into  two  centers  with  antagonistic  cfTects.  (jl  For 
the  muscles  of  the  face,  or  the  center  for  the  facial  nerve  (according  to  these 
investigators  often  more  than  05  cm.  in  ilianielcr)-  Ferrier  ha»  discovered  the 
following  additiotia]  centers:  ^6)  For  tbc  lateral  wagging  movements  of  the  toil. 
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cauxd  retraction  and  elevation  of  the  nnsle  of  the  mouth,  with  partial  opening 
of  the  mouth.  On  stimulatioa  of  b  t'crncr  observed  opening  of  tbc  mouth,  with 
protrusioii  trnd  retraction  of  Ihv  totiKue  (bilateral  action!).  th«  dog  not  rarely 
niflking  harking  soan<lj;.  Hi-  desifjnates  this  area  the  mouth -center.  STimulation 
of  C  c  causes  r^traclton  of  the  angle  M  the  mouth  bj-  the  platymna,  sttmulAtion 
of  c'  «]evatioii  of  thv  angle  of  the  mouth  and  uf  the  side  of  thc'faee  to  the  point 
o(  eloBinj  the  eye  (the  same  as  at  p).  On  Rtimulation  of  the  middle  e  opening 
of  the  eye  anil  ililatation  »t  the  intful  recult.  the  ryvn  and  the  head  being  rotated 
toward  the  opposite  side.  Stimulation  of  the  postcnidau-  nr^nis  causes  contraction 
of  the  perineal  muscles.  Sliiuulaiion  of  the  anierior  declivous  surface  of  the 
prccruciate  zyms  cauniui  Tnuvcmuuis  uf  the  phar\i)x  and  lite  lu^^'nx-  Stimulation 
of  a  dc^ttc  point  in  the  anterior  half  of  the  fovt  of  the  aKcnifiny  frontal  convo- 
lution  {in  the  ape)  gives  rise  to  coniraetion  of  the  glottis,  as  in  j>honntion.  Stimu* 
lalion  anteriorly  and  exteriorly  to  the  center  for  th«  extfcnnliea  (in  the  rabbit) 
causes  laovetnents  of  mastication  and  deRluiition. 

Observations  on  the  iipc  showed  liki-wiiu-  a  Ktrict  localiiation  of  Ibe  eenten. 
The  movement  caused  bv  stimulation  with  induction-eurwnts  proved  nmilar  to 
those  executed  voitinianly.  Rarely  a  single  muscle  contracted;  generally  a  co- 
ordinated group.  The  luitagonistii  are  at  times  thrown  into  activity,  in  so  far  as 
the  primary  movement  may  be  fnllowcd  tiy  that  of  the  antagonists.  The  contrac- 
tion c\hibit8  ail  oscillatory  rh>ihm  of  from  ten  to  fifteen  niovcmcnie  in  one  second. 

On  more  marked  irritation,  in  addition  to  the  muscles  of  the  opposite 
side,  those  of  the  same  side  may  be  made  to  contract,  the  irritation 
extending  to  the  other  side.  Muscles  such  as  those  of  the  eyes,  the  peri- 
neum, the  larynx,  the  ]>liar\'nx,  the  muscles  of  mastication,  that  are 
moved  on  both  sitles  at  the  same  lime,  appear  to  have  a  center  not  only 
in  the  opposite  hemisphere,  but  also  in  that  on  the  same  side.  The 
question  is  of  great  practical  significance  from  a  diagnostic  standpoint 
whether  movements  cannot  be  excited  by  irritation  due  to  local  disease, 
such  as  inflammation,  tumor,  degenerative  processes,  and  the  like,  in- 
volving the  motor  .irea.i  in  the  brain  of  man.  Hughlings-Jackson  answers 
this  question  in  the  affirmative,  and  explains  in  this  manner  the  occur- 
rence of  unilateral,  localixed  epileptiform  convulsions,  which  Ferrier 
and  Landois  observed  as  a  result  of  inllammatory  irritation.  By  means 
of  marked  irritation  of  the  motor  areas  a  complete  general  convulsive 
c|>ilcptic  attack  can  be  induced  in  dogs. 

This  begins  vrith  lu'itchin)>ii  in  the  specially  related  group  of  mtiaclea,  pawM 
then  to  the  corrcspondin);  m>.-int>«r  of  the  opposite  side  and  involve*  the  entire 
tnuseulaturc  of  the  hwly,  at  !ir?t  in  clonic,  then  in  tonic,  and  finnllv  again  in  clonic 
spasms.  Above  the  internal  capsule  feeble  irritation  is  often  HulVicicni  to  excite 
this  form  of  epilepsy.  The  opposite  side  of  the  body  ha.i  also  been  observed  to 
l>e  involved  in  convuiwon*,  and  fiom  beluu-  upward,  after  the  movements  had 
been  present  in  all  parts  on  the  side  tirst  adccted.  The  spasmodic  irritation 
posses  from  center  to  center,  and  intervening  motor  arcaa  arc  never  sloped. 
After  a  primary  attack  uf  such  character,  the  sliehtest  irritation  is  often  suincicnt 
for  the  excitatiuii  of  tither  epileptic  attacks.  During  the  attack  the  circulation 
in  the  bmin  is  lurcoleratcd  and  the  vessels  of  the  pia  are  diluted,  .^s.  at  the  same 
time,  also  the  intracranial  pressure  is  greatly  increased,  Kocher  has  suggested 
the  making  of  a  trephine -opening  in  the  skull  in  epileptic*  and  covering  it  only 
nilh  soft  parLE.  in  order  in  this  way  to  provide  to  a  certain  degree  a  safctv-valve. 
With  the  object  of  preventing  the  vanations  in  tiw  fulness  of  the  blood-vessels 
that  arc  observed  in  epileptic  attacks  the  suKgestton  to  extirpate  the  cen'ical 
sympatbeiic  in  cpilciittcs  would  appear  juKlittaTFie.  Perhaps  it  would  be  advisable 
to  liKnte  tlie  ccrcWal  carotid  at  the  snnM;  time, 

Tlic  iml,-ition  of  the  ccniers  appears  to  be  followed  by  a  brief  state  of  lessened 
irritability,  the  refractory  period,  jVIso  irritation  of  the  subcortical  white  matter 
eau«p*  general  convulsions,  uhich,  howover,  begin  in  the  tnusdes  of  the  same 
side. 

If  certain  motor  points  arc  extirpated,  the  convuEsions  may  be  wanting  in 
the  epileptic  attack  in  the  muscles  controlled  from  tliese  points.     Severance  of 
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the  motor  cortical  points  by  mcani  of  a  bonzontal  incisioa  during  aD  attack 
cauften  ccMxtiun  r>(  the  attstck-  If  nn  euilvptic  attack  h  uf  »hort  duraii<Mi.  it  is 
not  rarely  pnssiWc.  liy  rxtirpation  nf  ihi-  cortir.il  crnlrr  for  one  cxtrttnity.  lo 
exclude  this  Hlont,  wliilc  ihc  rcmnindcr  of  the  body  continues  to  be  agitated  by 
the  convukions. 

LonK-<onlinucd  ailminislralion  of  jxitiuwium  bnrmid  prevents  the  possibility 
of  causing  epilepsy  by  irritation  of  the  cortex. 

Chemical  irritation  is  further  of  particular  interest,  When  in  1887 
Landois  appliod  to  the  motor  regions  a  number  of  substances  that  occur 
in  urine,  for  example  kreatin,  kreatinin.  acid  potassium  phosphate, 
uratic  sediment  from  human  urine,  and  others,  he  otserved  the  occur 
rence  of  marked  eclamptic  (clonic-tonic)  convulsions,  which  were  re- 
peated spontaneously  for  a  considerable  time  and  were  (olloiived  by  pro- 
found coma  (in  the  dog).  Landois  does  not  insist  that  the  uremic  con-j 
mlsions  tn  human  beings,  as  well  as  epileptic  convulsions  induced 
through  autointoxication,  are  to  be  compared  with  the  phenomena 
observed  in  his  experiments.  The  sensorial  centers  are  also  affected  in 
the  same  way.  the  sense  of  vision  sTifTcring  especially. 

Certain  pats^'tit  arc  capable  of  exciting  c"n%'ulBionB  by  irritation  of  the 
tical  centvn.  Among  these  are  santonin,  pltysosligmin.  carbolic  acid,  acetcnc^ 
(is  caaes  of  diAtirtvs).  alKt>  liuinic  acid  on  direct  application.  I.'nd<-r  such  cir* 
cumstancL-s  ctwviilsions  upon  bnth  sidi-s  of  the  bixly  may  be  excited  by  irritatioo 
of  one  hcmiapliire.  The  convulsions  no  longer  occumd  after  the  cortical  center) 
w«rc  rcmuved  on  lioth  sidra.  Binin  ami  lower  vertebrates  cxhiliit  no  convul- 
liona. 

Extirpation  oj  the  motor  centers  gives  rise  to  characteristic  derangement 
of  movement  in  the  affected  contralateral  muscles.  Landois,  together 
with  other  investigators.  ol>served  in  the  dog  after  destruction  of  the 
motor  points  for  the  extremities  feeble  and  awkward  movements  of  the 
latter,  such  as  improper  pUeing  of  the  foot,  slipping,  yielding,  dragging. 
While  some  investigators  consider  thejie  phenomena  as  transltorj-  only, 
Landois  was  able  to  obscr\*c  them  lor  months.  In  dogs,  particularly 
the  puws  remain  paralyzed  with  respect  to  all  of  those  movements  in 
which  the  jiaws  are  emplov'L*d  to  a  certain  degree  as  hands,  and  which 
thus  are  acquired  through  education.  In  the  course  of  time  the 
pyramidal  tracts  degenerate  downward  and  the  related  muscles  undergo 
atrophy , 

The  higher  the  development  of  thi*  intelligence  in  the  animaU  and  the  ttior« 
they  are  n*<iiiir<'cl  lo  Icam  their  movi'tnenls  and  gradually  to  subordinate  them 
to  the  control  of  the  will,  the  more  profound  and  persistent  are  ibe  disturbance* 
of  movement  after  dtsiniciion  of  ihc  cortical  psychomotor  centers.  While,  in 
the  lower  vertc'iratcn,  includjnj;  Iiirtl*.  e.xtin>«lion  of  the  entire  hemiq>herFS  doei 
not  appreciably  afTccl  the  movements,  the  coi>rdinatcd  reflexes  suiiicing  cotn* 
plcicly  for  the  latter,  in  the  dog  cMirxiaiion  of  individual  motor  centers  is  attend 
at  times  with  appreciable  permanent  dtrrangcment  of  motility,  which  in  ape*  1 
human  beings  becomes  intense  and  long  continued. 

Hil«ig  attributes  the  dislurhancet  of  movement  following  removal  of  the  motor 
c*nters  to  the  loss  of  muscular  coHscuyuftess.  According  to  Schtff,  tactile  nenea- 
tion  aliin4!  is  lost  in  coniaequenec  of  dcvtniction  of  tlu;  motor  cortical  centen, 
and  it  ne^'er  returns. 

In  a  dog  ill  which  the  motor  centers  for  the  extremities  were  desuo^'wl 
on  both  sides  Landois.  in  1S76.  obscr%'e(l  derangement  of  voluniar>-  movement, 
which  he  was  lirst  lo  designate  certdrul  ataxia:  thai  is  the  animal  was  unable  to 
execute  coordinated  movements  for  the  purpose  of  n-alking,  standing,  etc.  He 
thcreftirc  believed,  even  at  that  time,  that  the  cortical  ceiiten  are  the  direct 
motor  points  for  the  operation  of  the  will  and  also  that  conscious  sensation  of 
muscular  eonlraetions  is  locatiicd  in  them. 
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The  irritabiliiy  of  the  motor  cenurs  may  be  considerably  influenced 
in  various  ways.  Thus,  it  is  impaired  by  stimulation  of  sensory  nerves, 
as  this  lowers  the  contraction-ciu've  of  the  muscles  and  extends  and  pro- 
longs the  react  ion -time.  The  irritability  of  the  cortical  centers  appears 
to  be  increased  only  when  active  reflex  musailar  contractions  occur  in 
eonneotion  with  severe  sensory  irritation.  It  is  an  especially  remarkable 
fact  that  in  a  certain  stage  of  morphin-narcosis  a  stimulus  that  is  too 
feeble  to  induce  a  contraction  becomes  at  once  active  if,  shortly  liefore  its 
BppUcation  to  the  cortical  centers,  the  skin  in  certain  portions  of  the 
l>ody  is  exposed  to  even  slight  tactile  irritation,  The  contractions  ac- 
quire a  tonic  charactcron  strong  pressure  upon  the  paw,  so  that  all  stimuli 
that  in  the  normal  state  cause  in  the  centers  only  transitorj'  excitation 
now  exert  a  permanent  stimulating  effect.  If.  during  the  tonic  con- 
traction, the  skin  on  the  dorsum  of  the  paw  is  gently  stroked,  or  the  face 
is  bloviTi  upon,  or  the  nose  is  gently  struck,  or  the  animal  is  called,  or  the 
sciatic  is  irritated,  relaxation  of  the  muscJes  suddenly  takes  place.  These 
phenomena  are  suggestive  of  the  analogous  observations  on  hypnotized 
individuals. 

It  h  a  fxirtber  remarkabte  fact  that  if  contracture  of  the  muscles  in 
question  is  induced  by  refiex  irritation  or  strong  electrical  stimulation  of 
the  cortical  center,  feeble  stimulation  of  the  same  center,  and  also  of  any 
other  cortical  region,  suppresses  the  movement.  There  is  thus  afforded 
the  peculiar  phenomenon  that  irritation  of  the  same  cortical  region,  in 
accordance  with  the  intensity  of  the  current  employed,  excites  irritation 
of  the  motor  aiJparatu.*;  or  inhibits  an  irritation  already  present.  H.  E. 
Hcring  and  Sherrington  observed  on  irritation  of  the  motor  centers  of  the 
ape,  relaxation  of  the  antagonistic  muscles,  which  occurred  even  when 
the  stimulus  for  the  excitation  of  the  movement  in  the  muscles  related 
to  the  center  was  still  too  weak.  With  currents  of  a  certain  strength 
they  obtained  such  simultaneous  contraction  and  relaxation  not  from 
the  same  cortical  area,  but  from  widely  separated  areas.  Further,  in 
addition  to  this  reciprocal  innervation  of  the  true  antagonists,  there  was 
a  complicated  relation  between  various  groups  of  muscles.  Thus,  for 
example,  on  closure  of  the  fist,  dorsal  flexion  occurs  at  the  wrist-joint. 
The  relaxation  of  the  antagonists  takes  place  somewhat  in  advance  of  the 
contraction  of  the  irritated  muscle. 

Sherrington  stimulated  the  central  stump  of  the  flexor  nerves  of  the 
leg  containing  the  muscle-sense  nerves,  and  observed  at  once  loss  of 
tone  in  the  extensor  muscles  stimulated  from  the  cerebrum. 

AccOrdiiiK  to  the  invn(tij{iiticniB  of  F«no  and  Liberlini  and  others  there  is  in 
the  prefrontal  rf^iofl  o(  the  dog  an  inhibitorj*  center  for  movemMU*,  therefore 
a  ptycUi)  lukibiwry  ^t-Kicr  for  toe  opposite  siilc  of  the  boijy.  Irritation  of  the 
contralateral  cerebral  hemisphere,  for  example  by  application  of  a  crystal  of 
sodium  chlorid  (in  tbe  (roR).  causes  inhibition  of  the  irritability  of  the  motor 
nerves  Also  irritation  o£  the  contralateral  hagal  pf«-lioti  of  the  midbrain  or  a 
transverse  section  of  the  spinal  cord  may  have  a  similar  cllfecl. 


THE   SENSORIAL  CORTICAL  CENTERS. 

The  investigations  of  Ferrier  and  H.  Munk  have  shown  that  areas 
are  present  in  definite  portions  of  the  cerebral  cortex  in  which  the  act 
of  conscious  sense-perception  takes  place.  These  areas  arc  connected 
by  means  of  fibers  with  the  nerves  of  special  sense.  They  are  designated 
also  sensorial  cortical  cettters,  sense-centers,  or,  according  to  the  suggestion 
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of  Landois,  psyciu>smsorint  centers.  Total  dcstniction  of  such  a  center 
abolishes  conscimis  jjerception  on  the  part  of  the  organ  of  special 
in  questiuti.  On  jiartial  destruction  of  such  a  center,  the  iTiechanisi 
of  sense -activity  may  remain  intact,  but  the  mental  connection  is  want- 
ing. A  dog  with  such  irjurcd  renters,  it  is  true,  sees,  hears,  and  smells, 
but  he  no  longer  recognizes  what  he  sees,  hears;,  and  smells.  The  t-enters 
arc  to  a  certain  degiee  the  repositories  for  experiences  gained  through 
the  sjtecial  senses.  Irritation  of  these  areas  may  give  rise  to  movements 
such  as  occur  when  sudden,  intense  sense-impressions  are  jiroduced: 
these  movements  arc.  therefore,  reflex.  In  this  group  belongs  also  dila- 
tation of  the  pupil  and  of  (lie  palpebral  lissure,  as  well  as  lateral  move- 
ment of  the  eyeball.  It  appears,  however,  that,  in  addition,  each  cen- 
ter jjosscsses  its  own  motor  apparatus,  by  means  of  which  the  movctnents 
of  the  related  organ  of  special  sense  are  executed. 


\ 


^  I 


Rp.  (}«.— Tb*  71r^\nt■^^tl6t  Mill  P»jtli'i-a"'<''>-''T  C«i"»  »nJ  ilw  i"™*!  Spbtn  of  tlw  Ova*!  OnlB 

Uficr  H.  Munkt. 

Th*  psycha-aptie  etnttr  at  the  viiual  sphffrt  comprint,  flccording  lo  Munlc, 
the  portion  of  the  oecipilal  lobe  in  the  dog  marked  "  Seeing  "  (Fir.  jj?).  II  thi« 
region  is  eompleti'ly  detttrDycd.  ili«  dog  becomts  penniuicntlv  almoKl  totally 
blind  in  the  (ifii>osile  eye — cortical  (litmUmts.  If,  howi-vcr.  onfy  the  more  t\n- 
trally  silitated  portion  (with  circuliu*  outline)  is  destroyed.  Iheie  will  he-  li<s« 
of  cfinnt-iuus  suHiiation  of  vision  on  the  ojipowic  .side,  and  ihii  nnoy  tn-  desig- 
nated miiuihliniint^i  iir  oplic  amnriui  It  is  ii  rrmarViiMc  fact  that  dcsinictioBi 
of  tliia  area  on  one  side  is  soon  fo)Iov>-cd  by  compcneaiic^n.  It  apfviir^  thjit  i>t)ia 
udjnciiiit  cortical  iircas  i-f  tlve  viiiu&l  ^phc^c  arv  tnpuble  <i(  tUMuminK  flic  function 
the  injured jiorl ton.  Under  thf»e  circumstances  it  will  Lx-  fnund  that  the  onimE 
with  the  aftfcte-d  eye  mimt  to  ft  certain  cxK-nt  again  lenm  to  see  as  in  rarlir«l 
vouth.  Desiniction  of  the  entire  ecnter  on  exeh  «ide  causes  total  blindness  on 
both  ndctt.  while  that  of  the  LL'ntral  (shaded)  portions  alone  in  ttic  dog  causcc^ 
raind-lilimliicKB  nn  l>oth  sides. 

A  [liivcho-optic  center  is  observed  lirst  ia  birds,  the  optic  nerve  terniinatiiip'' 
in  thr  midlirain  in  the  lower  vertebrates.     In  accoitlance  nith  the  extent  o(  tli« 
dceu3siiti<in  of  the  optic  m-rvc»  in  differcni   animals  the  psjThimptie  crnicr  is 
related  to  the  rctinRR. 

Hunk  detcririined  in  the  dog,  further,  that  both  tvlinaa  are  connected  nith 
each  pa>'cbo-optic  cortical  center,  and  in  such  a  manner  that  each  nrtina  rrccivc* 
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the  largest  number  of  fibers  fTom  the  oppojote  cortical  center,  and  libers  only 
£;ir  tlie  "MtcrnmBt  laivral  marginiil  [»>rli(>»  froiTi  Ihe  wiilvr  of  the  ume  sirte.  Jf 
the  surface  o£  one  retina  bi?  conceivwl  ;is  projected  upon  tho  centprs.  ihe  oviter- 
ni(J8l  itiargm  of  the  (uniifr  will  lie  contR-ciud  with  tlur  center  of  llic  «ame  side, 
the  inner  mwrEiii  o(  the  rt-lhia  unlh  the  mocr  portion  of  iht  i*|i[xwitc  center,  the 
upper  mar^nal  ^nnion  with  fhc  anterior  pinlinn.  and  the  inferior  marginal 
puTlion  of  tlie  rvtiaa  with  the  posunor  portion  of  the  opposite  center.  The 
(sha(lcO>  middle  of  th«  ccmUt  correspoudB  to  Hit  \,tnt\\.  o(  dirvct  vision  of  tbc 
retina  of  the  opposite  Side. 

Irritfilion  of  the  visual  center  causes  in  tht  drtg  mt^vemcntR  of  both  eyes 
toward  thu  opposite  side,  at  limes  with  movertK'iitB  of  the  head  of  lik«  character 
am!  contraf-tiunol  tlie  |iu]iili:  If  an  eye  ii  excised  from  a  new -bom  doj;  the  contra- 
lateral psvchf^-D[llic  center  will  after  an  interval  of  monihii  lie  found  to  !«;  less 
well  developed.  After  extirpation  of  thi?  visual  Gphcre  in  younK  animals  the 
extcnial  u'^iiciilatc  body,  the  pulvinar  (Pig  J6j).  the  anterior  (juadiiscminaie 
body  (of  the  same  side  and  in  iiart  also  of  the  opjjoiirite  side),  undcrg"  atrf)phy, 
loecthcr  nith  dL-gcncnition  of  the  sensor^'  sphere  fur  the  cvc  (Fig.  s^tjS,  and  at 
a  Utter  period  oIao  the  optic  tract  and  nerve  undergo  atropny.  A  Einidar  condi- 
tion ha*  been  ohservcd  after  dcKeneration  of  the  visual  sphere  in  man 

The  situation  of  the  vimal  center  has  Iwen  outlined  in  a  different  manner  by 
different  irvestigatore,  According  to  Ferrier  it  is  localcd  m  the  do^  in  the  regiofi 
of  the  occipital  portion  of  the  third  primitive  convolution  indicated  hy  eee  (ng- 
3j8).  and  accoruiug  to  more  recent  statements  in  the  occipital  lobe  and  the  anj^lar 

gJTUS, 

According  to  I^uciani.  the  visufti  licld  includes,  in  addition  to  the  occipital, 
als«  the  parietal  lobe  (in  the  dog  and  the  apc>.  He  also  dissents  from  the  precise 
projection  of  the  rL'tinan  upon  the  cerel>rul  cortex.  He  Ijelicvo  Lhut  hulli  optic 
nencs  arc  connected  with  all  pin-tinns  "f  the  occipitoparietal  rcxion.  Moreox'cr. 
he  is  of  the  opinion  that  the  viaunl  imager  arc  only  trnnsformed  in  the  cortex 
psychically,  but  that  they  arise  in  tho  ^uadri geminate  body,  as  he  admits,  even 
Hfti-r  most  I'Xtensive  deilnielion  of  the  oceipiloparielal  region  on  both  sides, 
the  development  only  of  mind-lilindnesK.  Imt,  not  iMTmiincnl  Actual  blindness. 
Even  previously  l-hn'siiani  had  nminlained  that  rabbits  depnved  of  their  cere- 
brum still  avoided  iil'StnictiotK  in  rnnnjiig,  lircaute  ihev  wi-re  able  t">  2,pprectate 
theni  with  ihcir  eyes  In  such  animals,  therefore,  oirtic  impressions  must  be 
udvantaKeouHly  utilized,  end  in  such  a  manner  thai  the  optical  impressions  ao 
affect  the  chit'l  reflex  and  the  coi^rdi  nation -center  in  the  uptic  thalamu.i  that  the 
animals  make  appropriate  reflex  movements.  Cohkious  vision  is  tlius  lost,  while 
the  coordinated  reflex  aclivities  cAciled  from  the  %-isunl  apparatus  arc  still  prc- 
9er.*ed, 

In  apes  the  center  is  mttiated  at  the  apex  of  the  occipital  lobe  Destruction 
of  the  center  on  one  side  causes  bhndne*s  lor  the  halve*  of  both  retinas  upon  the 
side  of  the  injury.  In  birds  the  \-i5Hal  sjihcre  is  situatdl  in  the  pnrtinn  nf  the 
cerebral  cortex  cxtcndinE  fmm  the  ficdunclc  upward  and  forward  and  covering 
the  ventricle.  The  retina  of  the  opjjasilc  eye  is  supplied  frnm  one  hemisphere, 
with  the  exce|)tion  of  its  most  ponleruT  iiortiuii,  whicli  in  mipplied  fr»m  the  hcmi- 
sphere  of  the  same  side.  In  the  froK  the  vnsual  center  is  situated  in  the  optic 
lobe;   frogs  and  tish  thus  oec  without  a  cei-cbmm. 

The  pfyck/i-autSnory  center  or  the  atidii^ry  sphere  is  ratuated  in  the  dog  in 
the  region  of  the  second  primitive  convo!utio«  indicated  hy  the  letters  f  f  f  (l-'ig. 
ajg,  11), according  tu  .Vlunk  in  lliai  porlifin  nf  the  ttrmporal  Inlir  niitrlicd  "  Hcinng 
(Fig.  J50).  DestructiiMi  of  the  entire  regifrti  causes  deafnt^ss  m  the  contralateral 
ear,  destruction  of  the  middle  shaded  portion  alone  causes  mind-iirajntsi  or  aadt' 
lory  amtuiia.  that  is  the  animal  luis  lo^t  the  menit>r>--ima][<^  of  auditory  iinprrs* 
sons.  Irritalion  of  the  center  is  (dUowed  by  a  reaction  that  com'sponds  10  the 
abrupt  start  induced  by  a  sudden  and  unexpected  loud  noise.  Irritation  of  the 
center  on  one  side  catiscs  raovcnjcnl  0/  the  ear  on  the  opposite  side.  L'ndcr  these 
circumstances  also,  the  disturbanci-s  atttndinf"  injurv"  of  ihe  middk-  portion 
on  onr  Kide  disappear  in  the  courisc  of  n  tew  week*  (as  in  the  case  of  the  psyclio- 
optic  center),  so  that  the  animal  must  again  Icani  to  hear  Destruction  of  the 
middle  portion  on  both  sidus  catiM's  niind -deafness  on  both  skIl's,  Dog.!;  thus 
injured  no  longer  prick  tlieir  ears  in  respi^mKe  to  auditory  impressi'ms  and  they 
gradually  lose  the  fxculty  of  twrking  The  anterior  portions  of  the  auditory 
sphere  appear  to  subserve  the  ])crccption  of  high  notes  and  ihc  posterior  portions 
inc  perception  of  deeper  notcii.     Munk  observed  after  duiiniction  of  one  ear  in 
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the  new-l«ni  dog  thai  ihc  conlra3ali;ral  center  wa*  less  well  develo|5ed.  DeMruc- 
tion  of  ilic  entire  n-Eifin  on  both  sides  causes  deafness  (with  mutism).  FeiTwr 
dcDionst rated  the  center  in  apes,  mbbiie,  jackab,  and  cats. 

j\ceoniii»g  to  Luciani  tht  auditory  nrnter  extends  from  the  temporal  lolie  to 
the  pariclal  i^rni  froiU^t  1<:<\>c»,  the  Uippogumpal  i.'yrtis  and  the  coinu  Ammonis. 
!£aen  c-ar  i«  in  connection  with  both  centers,  itlthoiich  most  intimately  with  that 
nf  tlic  n]>]iosiU'  fiiilc.     A(ler  tnfrtl  extirpation   of  ire   nuiMlcry  center  on  bethj 
sides  ijiin  a -deafness  alone  develops. 

Munk  and  Ferrior  locate  the  ctfaaory  arMtar  in  the  dog  in  the  hippocampil 
iryniK-  After  destrutuon  of  the  crnteron  mch  ridr  in  the  apt  the  urnsc  of  sm«U 
and  thiit  nf  tnstc  were  ahDh^hcd  The  psych ooBrnic  and  ps>-choj:iusie  centers 
located  in  this  situation  hnve  as  yet  not  been  diiTerentiated.  Atctnding  to  Luciani 
the  hi|>[>ucuinpal  ^vruit  uiiJ  the  coniu  AninivniB  constitute  the:  vtfKctory  center. 
I'artiol  dveii^'sution  i.i  to  he  Hfsumcd  also  in  this  case,  but  the  nc«i -decussating 
bundle  is  the  larger. 

On  irntntinn  nf  this  orca  Lueiari  observed  in  ape*,  dogs,  csts,  and  rabbits 
distortion  ol  the  lips  and  partial  closure  of  the  nasal  on£ee  on  the  satne  side. 
Accortiinft  lo  Zuckerhaiidl.  who  haws  hi*  coiicluiiion»  upon  comparitive  anatomical 
obsen'wtirjns,  the  cortical  portion  o(  the  olfactory  center  is  constituted  of  the 
central  extremity  and  the  frontal  extremity  of  the  lobe  of  the  corpus  callosum. 
itf  the  hipjiocainpal  h)tic  together  with  the  uncus,  of  the  eoniu  Amniunis  includinK 
the  marional  convolutitti  [particularly  the  dctitatc  fa»cia),  of  the  cortex  ol  the 
olfactory  pcduneic.  of  the  eortex  of  the  anterior  perforated  lamina  and  of  the 
oliatlory  bulb. 

A  cortical  olfactory  center  is  present  among  vertebrates  first  in  reptiles, 
and  this  ia  at  the  «ame  time  the  earliest  pKychoicenuorinl  or^an  that  anj>can.  It 
may  be  concUi<ieiI  fnmi  this  fact  that,  phylogenctically.  the  first  psychic  activity 
in  the  animal  kingdom  is  concerned  with  the  perception  of  odorB. 

Munk  lielicvcH  that  the  surface  of  the  brain  in  the  rexion  of  the  motor 
centers  is  »t  the  same  time  the  stMiary  spJitre.  that  is  that  it  ser^'ca  also  for 
tlic  rcceptiun  of  tactile,  muscular,  and  innervations]  impressions  from  the  oovo- 
site  side.  The  boundaries  of  the  areas  for  the  individual  porliotu  of  the  M>dy 
in  the  dc>K  arc  indicated  in  Fi£.  t^q.  After  injury  of  this  region  the  function 
iiienttoiied  is  lost.  Ilic  »ngor>'  sphere  in  apes  is  situated  in  the  parietal  lobe  aniS 
each  indi^-idual  area  is  related  to  a  definite  portion  of  the  body.  After  total 
extirpation  of  tlie  arm-area  and  the  leg-area,  tactile  st.-niibi]ity  is  loxt  perraa- 
nently.  while  after  partial  extiq>atii)n  return  of  ecnsitiihty  takrc  place  later. 

Luciani.  however,  rejects  such  precise  limitation  for  the  individual  re^ons  of 
the  t>ody.  According  to  Bcchlerew  the  centers  in  the  dog  for  the  [)etception  of ' 
tactile  imprcwriiins,  the  muscle'SeiiHC  and  K.-ii!iati[)iis  of  pain  are  situated  in  the] 
neighborhood  of  the  motor  Kiinc.  the  lirst  immediately  behind  and  external  loj 
the  motor  area,  the  others  in  the  region  jusi  above  the  beginning  of  the  fossa  of  | 
Sylvius.  According  to  Schaier  extirpation  of  the  gyrus  fomicatus  is  followed 
hy  pcrmnnent  impairment  of  sensibility  in  apes. 

THE  CORTICAL  THERMIC  CEHTER. 

DIVERGEBT  VIEWS   AS   TO   THE   LOCALIZATION   IM  THE   CORTEX. 
OTHER   CORTICAL  FUnCTlOHS. 

A.  Eulenburg  and  Landois  .surrcf«icc1  in  discovering  on  the  sttrface 
of  the  cerebrum  of  the  dog  an  aif;i  ironi  which  an  undoubted  influence 
is  exerted  upon  the  temperalure  and  the  size  of  the  vessels  io  the  con-1 
tralateral  extremities.  This  area  (Fig.  258  I,  t)  comprises  in  general 
the  region  in  which  at  the  same  time  the  motor  centers  for  the  Hexors 
and  the  rotators  of  the  foreleg  (3)  and  for  the  muscle-s  ol  the  hind  ex- 
tremity (4)  are  situated.  The  effective  areas  for  the  anterior  and  pos- 
terior extremities  are  widely  separated  from  each  other.  That  for  the 
foreleg  is  situated  suniewliat  further  forward,  close  to  the  lateral  ex- 
tremitv  of  the  cruciate  50101.1.  DeKtruction  of  this  re^on  is  followed  by 
elevation  of  the  tem^ieraturc  in  the  contra,latcral  extremities,  and  this 
may  be  variable  in  degree — from  1.5*  to  a*  or  even  as  much  as  ij*  C. 
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Tliis  observation  has  been  confirmed  by  Hitzig,  Bei.'htcrew,  Wood,  and 
others.  The  elevation  oi  temperature  bears  no  relation  to  muscular 
disturbances  that  may  be  present  in  the  affected  extremities.  It  is  in 
almost  all  cases  inarked  for  a  considerable  time  after  the  injury,  although 
attended  with  considerable  fluctuations.  It  has  been  obser\'cd  to  per- 
sist for  as  long  as  three  months,  while  in  otlier  cases  gradual  return  to 
normal  sets  in  on  the  second  or  third  day.  In  marked  cases  there  is 
a  reduction  in  the  rcsistiince  of  the  wall  of  the  femoral  artery  to  pn^5surc 
and  a  lowering  of  the  pulse-tracings. 

Localized  electrical  irritation  of  the  areas  causes  slight  transitory 
reduction  in  the  temperature  of  the  contralateral  extremities.  In  dogs 
the  same  result  may  be  brought  about  even  by  percutaneous  irritation. 
The  center  can  be  irritated  also  by  application  of  sodium  chlorid,  al- 
though under  such  circrumstances  the  phenomenon  of  destruction  soon 
follows.  Irritation  of  the  cortical  center  causes  also  in  curarizcd  animals 
marked  elevation  of  blood-prcssurc  in  consequence  of  vasadar  contrac- 
tion. The  demonstration  of  a  thermic  center  for  the  half  of  the  head  has 
not  as  yet  been  made  In  cerebral -epileptic  attacks  the  bodily  tempera- 
ture rises,  in  part  in  con.sequencc  of  increased  production  of  heat  by  the 
muscles,  in  part  in  con&equiMice  of  lessened  heat-dissipation  through  the 
vessels  of  the  skin  as  the  result  of  irritation  of  the  cortical  thermic  centers. 

A«iordJng  Ml  Wood ^defit ruction  rif  tliiK  CRntrnl  area  in  the  Jog  causes  at  tlie 
MHini:  time  »ii  mcrcitsc  in  hcHi-pniduclion  tlcmonBlniblc  calorimtftncally.  while 
irritation  causes  lessened  heal -producl ion.  In  dogs  in  which  th«  internal 
eapsulc  was  dindcd  by  meana  uf  a  small  knife  {which  was  made  to  clo&c  sud- 
denly in  the  depth  of  the  wound  by  traction  on  acorc)),I'«ndoisobacr\'cd  lilccwisc 
elevation  of  temperature,  and  he  concluded,  therefore,  that  the  Sbcra  controlling: 
thermic  influences  traverie  ttiu  internal  capsule.  Furthermore,  injury  of  the 
cerebral  peduncle  it  Mlowed  \>y  ohviouK  elevation  ol  temperature.  In  rabbits 
dcttructiun  of  tlie  anterior  portion  of  the  cortex  has  no  olnnous  influence,  although 
that  of  the  pnsterior  portion  has. 

The  experiments  described  explain  the  fact  that  psychic  stimu- 
lation of  the  cerebrum  may  have  an  influence  upon  the  size  of  the 
vessels  and  upon  tlic  temperature,  as  indicated  by  momentary  pallor  and 
blushing.  V,  Bechterew  and  Mislawski  locate  a  vasodilator  center  in  the 
external  and  middle  portions  of  the  anterior  segment  of  the  cruciate 
gyrus  and  in  portions  of  the  parietal  region. 

In  oppoaition  to  the  outlined  doctrine  of  locaiiestion  in  the  cerebrum  the 
views  of  Gottz  must  be  diiciis»c-d  in  an  unpri'judtcur!  manner.  Galts!  ha«  de- 
scrbed  in  detail  the  phencimcna  tiiwt  amn-ar  in  6<isy  siit'jeclrd  I'l  (■xtensivo  dc- 
Strtiction  of  the  cerebral  cortex.  He  distinguishes  on  the  nuc  hand  inhibitory 
phenomena,  which  arc  irflnsitor>-  and  are  referable  to  tcmporar>'  siippresaion  of 
the  fuiictioiiii  of  ner\ou»  structurca  that  arc  not  injured  aimlomirally.  These 
arc  to  be  explained  in  the  same  wav  ax  the  inhibition  of  llic  rcllcxcs  b>-  stnnig 
irrilntifti  of  sensory  ncn'cs  Opi'oscd  tn  tliCM;  arc  the  pcmiRncnt  plif  iKJinena  <.'l 
deiiciciicy,  which  are  dut  lo  the  loss  nf  functirm  r.f  ihc  ntrvc-slrucUin'*  deslroyird 
by  the  operative  procedure.  Such  a  dog  with  extensive  Iosk  of  cortex  may  be 
looked  imim  ;ts  an  i-ating,  comjilex  rellox  machine.  It  hchaVL'S  hkc  a  profit md!y 
demented  animal,  walks  slowly  in  an  awkward  manner,  with  head  depressed,  and 
exhibits  impairment  of  cutaneous  sensibility  in  all  of  its  quahtie.*.  Ii  iit  leKt 
sensitive  to  pretwure  upon  the  skin,  nays  Ics-t  attention  to  variation*  in  tempera- 
ture and  does  not  know  how  to  touch  objects.  It  is  scarcely  able  to  adjust  itself 
with  relation  to  the  outer  world  or  to  its  own  body.  This  is  noted  especially  in 
looking'  for  and  taking  up  its  food.  On  the  other  hand  there  is  no  paralysis  of 
its  muscles.  It  is  true  the  do^  still  sees,  but  without  conscious  af^prcciation  of 
what  i«  Been.  It  sees  like  a  eomnamhulist,  who  avoids  obstnictions.  without 
being  perfectly  conscious  of  their  character     It  is  true,  the  animal  hears,  for  it 
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can  be  awakened  front  sleep  by  loud  shouting,  but  it  hears  much  like  a  hu- 
man being  who  bas  jusi  bc«i  aroused  irora  deep  sleep  by  being  caUod.  without 
at  onct  tviiiprehtiKliiig  tlic  call  with  ck-ar  consciousiM-as.  'HtC  dial iir ban cc  of 
the  other  st-nse*  ii  analogous  in  characttT.  The  ajnimal  howls  wlien  hunjfry, 
then  eatfi  until  itH  rtomach  in  rnttmly  tillerf.  It  is  absolutely  in<lilT«re«t  arid 
wiihmit  wjciial  instini-t 

Wilh  referetice  In  the  localixation  in  the  cerebrum  Goltz  holds  disscntinf 
views.  He  |jelievL-«  thai  e\'ery  (wrtioii  of  the  cerebrum  lakes  pan  in  the  func- 
tions upnn  which  volition.  sensntKm.  in)n3;<t">^>"n'  •'"''  thoucht  arc  l>JLM'd.  Every 
portion,  indepcndentlv  of  the  others,  is  connected  by  conducting  puths  with  all 
of  the  voluntary  luusclea,  and  on  the  other  hand,  with  all  of  the  sensory  nerves  o( 
the  body. 

.Alter  removal  of  an  anterior  lobe,  including  the  motor  »one,  there  develop 
finst  unil.iteral  motor  and  sensory  paralvMS  and  unilateral  vintial  distiirhance 
Of  these  onjv  the  loss  of  muse le- sense  is  left  after  the  lapse  of  months,  Removal 
of  the  anterior  lobe  on  Imth  udes  gives  riw  to  thete  phenonjena  in  more  marked 
degn-t^.  and  in  addition  there  txrcur  innumrriible  involHn;,»r>*  .iKxuriatnf  iimivc' 
inents  and  incrcnst-d  refli-x  irritability.  Goltz  obstrvcd  repeatcdiv  general  hyper- 
esthesia, a  remarkable  motor  propensity  and  an  irritable  aggressive  character  tn 
the  dog.  Marked  iiennanL-iit  di.sonlcnt  in  the  utiiication  of  the  stcnscs  of  siKht, 
heariii}:,  smell ,  and  taslc  arc  not  necessarily  pri-aent ,  even  in  connection  with  pro- 
found and  extensive  destmeti'in  nf  the  furebrnin. 

Removal  of  tlie  iri-t-ipilal  loht-s  disturl's  the  uliliialion  of  the  sentie-pefCep lions 
in  consequence  of  the  defect  of  inti'IliKenct'  prwient.  The  sense  of  sight  is  injured 
moKt.  KPiTtoval  of  tJie  orcipiUil  lobe  mi  both  i;ides  caiiiwx  market]  diitturl>ance 
of  vision,  but  not  total  blindness,  tn  character  the  dogs  become  ipH>d>natured 
and  considerate.  There  are  never  disorders  of  movement  and  of  the  muuulsr 
tense. 

Accardinc  to  I,ocb.  a  jnipil  of  Oilw,  the  disorders  of  ^^si^>n.  of  sen.^bilJty, 
and  of  motility  that  develop  after  |;>nrtial  injury  of  the  concx  can  be  summarized 
as  folloirs:  On  the  opponile  sidt  s(im\ilntinn  of  thv  retina  and  the  wnsory  nerve* 
causes  less  marked  ciiccl»  that  »ii>pi-:»r  ju'ttv  slr<w!y  Likewise  the  stimula^on 
of  the  muscles  in  connection  with  intended  movements  of  the  body  is  less  marked 
upon  the  opposite  side  of  the  body. 

Injuries  of  the  cerebrum  give  riw  also  to  jnhtbiTory  phenomena.  ineludin]{ 
motor  disturbances:  and  Ciolt/  consfdera  the  comnletr  hrmiph'gia  that  is 
not  rarely  observed  after  coarse  unilateral  injuries  of  tne  cortex  as  an  inhibitory 
phenomenon.  Tlic  injury  exert*  an  inhibiioniotor  influence  u[jon  other  (infra- 
cortical)  orEHnw.  which  resume  iheJr  movement  a.-t  soon  as  the  inhibitory  influence 
i«  removed. 

Other  Certbral  Functions,  -Some  mvcaligators  have  observed  variations  in 
Wood-uressuri-  and  cbaiigt:  in  the  heartbeat  after  irritation  of  the  cerebral  cortex; 
thus,  (or  example,  BochefontJiinc  after  electrical  irritation  of  the  motor  area  (or 
the  extremities.  After  irritation  of  the  cortical  center  for  the  facial  nerve  (Pig 
958,  5I  R  Danilewsky  observed  increase  in  the  blood -pressure,  the  pulse  Ijeine  at 
lirsi  accelerated  and  later  slowed  (and  also  upon  irritation  of  the  caudate  nucleus 
and  the  adjacent,  while  mutter).  At  the  same  time,  he  observed,  under 
such  conditions,  slowinz  and  at  times  interruption  of  the  respiration.  Galogh 
observed  aecderation  of  the  pulse  after  irritation  of  various  portions  of  the  cortex 
in  the  dti;:  and  nluwing  of  the  puUc  after  irritation  of  one  point.  Evkhord  irri' 
tatcd  the  surface  of  the  cerebrum  in  nibbits  and  found,  as  a  rule,  th.-st  so  long  ma 
only  a  few  contralateral  movement*  take  place  in  the  anterior  cxiremities.  no 
influence  upon  the  heart  is  observed,  but  that  cardiac  symptoms  appc.-ir  only  in 
association  wilh  the  occurrence  of  other  movements.  They  consist  in  slower. 
Stronger  pulKL'-lieats.  inlennixed  wilh  fet^bler  la-afi,  togiether  mth  slight  increase 
in  the  blood -pressure  If  the  vaRiis  on  each  sitle  he  first  diwded  the  influence 
upon  the  imlse-ljcat  is  not  exhil/iied.  but  the  elevation  of  the  blood- pressure 
pcraist.s.  All  of  ihe.v:  f\perimeni.i  fail  to  affonl  a  batisfactoiy  explanation  of 
the  relations  of  the  ciTcbnim  to  the  actiwi  "f  the  heart.  That  such  a  relation 
exists  is  indicated  indubitablv  bv  the  citcci  of  psycliic  influences  upon  the  bcart- 
beat,  as  Homer  and  Chrysipp'us  knew. 

Irritation  of  the  cortex  laterally  from  the  base  of  the  olfactory  tract  cxerta 
a  slowing  or  inhibitory  inttucnc-  upon  rvupiration.  while  irritatioo  in  the 
motor  re^ojiB  has  an  accclcralitig  influence,  and  irrilation  of  tht-  uncinate  yj'nu 
causes  snilting.     Unverriclii  observed  arrest  of  lespiration  in  tbe  dog  oa  ifriiatwd 
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of  a  point  in  llic  third  primitive  convolution  cxttrnal  to  the  cvntCT  for  tlic 
orliicuUris  of  the  cycliils,  PrrobnischcnKltj'  ol>Bcr*'c<i  insinraKny  spiuin  of  the 
diaphrd^tn  in  tlic  cat  After  irritatinn  of  a  point  behind  thin  center.  lilC  increased 
8«cre1.i<m  nf  saliva  observed  Ijy  Landois  has  Ixtn  referred  to  on  page  »6», 

According  to  v.  Bcchtercw  and  Ostaiikf'w  a  point  irritation  of  which  causts 
KwallowitiR  movtmcnts  i«  situated  extcmnlly  to  the  <TUciat.o  tuleus.  Doch<-fof>- 
tsinc  and  l-fpinn  tiitficrved  (iirthcr,  psriiculiiTly  nfter  irritmion  in  the  neighbor- 
hood of  the  cruciate  sttlciis  in  clojp.  slowing  of  the  movements  of  the  stomach, 
peristalsis  of  tbtr  mtirstinea,  contraction  of  the  s[>lecn .  the  utt- rus,  anri  the  b!aJ(!«r, 
and  incrt-jwed  rcK[iir4lory  freinwrcy  Bufalini  obwrvcd  the  ixruircncc  of  were- 
tion  of  the  gitstnc  juice  with  elevation  of  the  temperature  in  the  stomach  after 
irdtation  of  the  aama  cortical  area  whose  irritation  in  rabbits  caused  movenwnt4 
of  the  jaw.  The  rclalioni^  of  tbc  region  abuut  the  cnicnate  sulcus  in  the  doji  to 
the  canlia  arc  coneidercd  '«!  page  j8i.  According  Iq  Ikchtcrew  and  Mislawsid 
irritation  of  various  points  in  this  r«gion  cau&cs  in  pnrt  movements  at  the  pyionis. 
and  in  part  inhibition  of  Mich  movcmontB;  occasionally  thi-  cnrdia  is  iet  in  inoiion. 
From  the  same  point  and  from  iho  third  primitive  eonvnlution  siiuatod  pofrte- 
riorly  and  cxtematly  contmction  and  relaxation  of  the  musclrt  of  the  pcriticum  aai 
l>c  induced,  and  also  from  the  optic  thalami.  The  conductine  p^iths  are  contained 
in  part  in  the  vagi,  in  part  in  the  spinal  cncd.  Fn^m  tlii?  latter  the  libers  for  the 
amall  intestine  pass  through  Ihc  right  lower  ilr>r»al  ami  tht^  npprrmfist  tumbiir 
nerve*  in  the  doj;  to  the  s\Tni>athctic  plexus,  those  for  the  Urge  intestine  through 
tbc  last  two  lumbar  fljid  ilic  upper  three  nacr&I  ncrvca.  The  foregoing  statenicaLs 
afford  an  explanation  of  the  fact  that  in  epileptic  altacbt  induced  by  irritation 
of  the  cortex  contraction  of  the  stomach,  the  intestine,  and  the  bladder  have  also 
been  obs<-rvi-il. 

Electrical  stimulation  of  the  inner  portion  of  the  si^oid  g>'nis  in  the  dog 
causes  dilatation  of  the  pupils  (as  does  aUu  chemical  Irritation'  of  the  pariet^ 
region  in  Ihc  rabbit] .  secretion  uf  leurx,  pnitruxion  of  the  eyebulU.  and 
retraction  of  the  third  e>Tlid  in  the  dog.  Increnscd  conlractioii*  of  the  vagina 
in  rabbits  could  lie  induced  byJrntntion  of  the  anterior  portion  of  the  hemisphere, 
in  fltiga  by  irritatii>n  wf  the  Kismoid  jyru*.  By  irritation  in  the  nei^hbiThood, 
or  by  increased  irntation,  an  inlubitory  effect  could  be  induced.  Irritation  of 
the  optic  thalamus  or  of  the  cmiral  stump  of  the  vftgus  liktwise  gave  rise  to  in- 
crease in  the  movement*,  while  irritation  of  the  peripheral  sinmp  of  the  vafi^us 
cauMd  Txdaxation  of  t)ie  i-nginH. 

Attenlion  should  linally  be  directed  ton  nutnljcr of  otMen-atiofiB of  pntholocical 
Mgnilicance  made  after  injuries  to  the  brain.  Thus.  Schilif.  Ebslein.  KlosterhaTfen, 
and  V-  Prcnschi-n  olwerved.  after  iiijurie-i  to  the  pons,  the  striate  body,  the  i^jilic 
thalamus,  the  cerebral  peduncle,  the  iiiiadriKeminale  Iirylics.  the  middle  cere- 
bellar peduncle,  and  the  medulla  oblongata,  often  hyperemia  and  extra va-snt ions  of 
blood  into  the  lungs,  the  pleuric,  the  atoraach,  the  intestines,  and  the  kidneys. 
in  this  manner  ia  to  be  exptunied  the  i>ceurrcnce  t^t  heni^>rrha|;e  into  the  st'^mach 
in  new-bom  infants  with  mjurv  to  hrnin  (nipl«;na  neonniorum) ;  jvcrhaps  also  the 
nci'iim-ncr  of  gantric  ulcer  in  adults  in  associtttion  with  cerebral  disease  v  Preii- 
Bchen  obwr\'od  gastric  and  intesxinal  hemorrhage  in  rabbits  also  after  injurj"  of 
the  comu  Atnmonis.  the  tloor  of  the  anterior  hum,  the  frwntal  lobe,  and  the  upper 
piirlion  of  the  itiiinal  cord,  Analo|,,i>us  phrnimicna  have  Iiren  observed  in  man 
after  cerebral  hemorrhaKo  or  sofleninj:.  Brown -S<5f|uard  and  Nolhnagcl  induced 
hemorrhage  into  the  lungs  by  irritation  of  basal  portions  or  of  a  point  on.  the 
surface  uf  the  brain. 

The  cerebral  unilalcnJ  ucute  decubitus  described  bv  Charcot  is  particularly 
nntewortby,  occurring  always  upv>n  the  paralysed  side,  therefore  on  that  opp«>9ite 
to  the  cerebral  focal  lesion, '  It  may  bepin  as' early  as  the  seond  or  the  third  day 
and  rapidly  progress  to  a  fatal  termination,  with  profound  dertruciion  (bul- 
liiek,  Uiwer  extreraity).  The  ileculntiis  thai  appears  in  ccpmcetion  with  diseiise 
of  the  spinal  cord  generally  begins  in  the  middle  line  of  the  buttocks  and  spre.ids 
ihcncc  symmetrically  toward  eiiher  side.  In  cases  of  injury  of  one  side  of  the 
itpinal  cord  this  destruction  takes  place  on  the  eorreaponding;  xidc  of  the  Mirrum 


PHYSIOLOGICAL  TOPOGRAPHY  OF  THE  SURFACE  OF  THE 
CEREBRUM  IN  MAN. 

In  the  brain  of  man  the  physiologically  analogous  jsysteras  of  fibers  receive 
medullary  sheaths  approxiniMtoly  at  Iha  same  time,  the  olfactory  tract  among 
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the  lirsi.  According  to  PL-chsix  the  cortex  is  development  ally  divisible  into  forty 
iltilcTvnt  IiclOs.  Tht'Sf  can  be  nrmtigctl  in  th^l^e  kit'mPk;  Cal  TIic  primortHai 
arras,  which  are  formed  even  Iwtnre  mature  birth;  (o)  intermediary  urcu.  which 
liegin  to  be  Kurrcmnded  with  meiluilary  tissue  up  to  one  month  after  birth;  (c> 
the  tcmiiniil  nTciiK.  which  »rc  formed  UiIct  thiin  our  mimlh  ((rmn  (our  to  (our  bsi<I 
n  half  months)  after  bin,h.  The  priniordinl  areas  cpincitle  with  the  ^c^lK.-cmIer» 
111  tlicii  Tudiuicntary  forni;  Uic  iinittna)  anas  comprise  af«cicial  ion -areas ;  and 
the  uitcrmvdiiar)*  atva*.  Minplilicutiuns  in  ^irl  of  Ih*;  ac-iisc-cvnU-TS  and  in  [J^rt  ol 
the  oK«(x;ifttionecntfirfi.  Th*  hutnun  brain  i«  di»tint^i«bcd  from  that  <i(  the 
unthmppitls  principMly  through  the  terminal  areas.  Thcv  vary  m  nisx  m  dilirrent 
individuals  and  ihey  conirilnitc  in  large  measure  to  tlie  sliape  of  the  human 
KkuU,  under  the  (.•mtncnceii  of  whieh  Ihty  are  situated.  Thus,  (or  example.  tli<^ 
anthropoids  are  unprovidetl  with  the  area  destruction  ol  which  causespure  alcxia- 
For  ihiB  reason  alone  apes  cannot  acquire  ibc  faculty  of  speech. 

The  motor  areas  comprise  the  anterior  (Fig,  246.  A)  and  posterior 
(B)  central  convolutions,  and  the  paracentral  lobule,  and  extend  pos- 
teriorly into  the  precuneus  (Fig.  262).  They  contain  large  ganglion- 
ceils,  which,  however,  are  not  present  before  the  age  of  one  and  one-half 
months.  Degeneration  of  the  entire  area  causes  paralysis  of  the  opposite 
&ide  of  the  body.  This  at  first  is  total,  but  gradually  passes  into  a  con- 
dition in  which  especially  all  of  the  delicate  movements  under  the  control 
of  the  will  and  acquired  by  education  und  exercise  are  abolished,  while 
associated  and  bilateral  movement.s  (which,  for  example,  are  present  in 
animals  that  after  birth  arc  at  once  capable  of  executing  various  complex 
movements)  are  preserved  more  or  Ic&s  intact.  Therefore,  the  hand  is 
paralyzed  in  man  in  greater  degree  than  the  arm.  ami  this  in  turn  in 
greater  degree  than  the  leg,  the  lower  branches  of  the  facial  ncr^'C  in 
greater  degree  than  the  upper,  and  the  ner\'es  of  the  trunk  finally  almost 
not  at  all. 

la  hemiplcgic  individuals  the  ^rcn^h  of  the  unparnlyr.ed  side  of  the  bodv 
in     also     impaired.      This     is     not     fully     exflnined     bv     the     (act     that     BOtiic , 
fillers  of  the  pyramidnl  tracts  remain  tipon  tnc  same  si'de  of  th«  body      Atnoni 
the  movements'  in  human  heinpi  there  are  some  that  hove  to  be  learned  with  gna 
cllorl,  and  therefore  gr;ulually  becomt-  tiubordinnted  to  the  varying  impulses 
the  ttiJl.  such,  for  example,  as  the  delicate   movements  of  the   hnnds      Tl 
movements  are  restored  but  slowly  and  incompletely  or  not  at  all  after 
I'f  thi-  pgtychomotor  center*,     Those  movements,  however,  that  arc  at  once 
the  commanil  of  the  body,  such  as  the  Associated  movements  of  the  eyes, 
face,  in  part  also  of  the  lower  extremilics.  either  recover  rapidiv  after  the  leai 
described,  or  they  apjiear  tu  sulTcr  but  little  at  all.      Thuit.  the  facial    isukIcs" 
nppeor  never  to  he  so  completely  paraly/ed  after  a  cnrlicol  lesion  a>  after  a  lesion 
of  the  trunk  of  the  facial  ner^'c:  (or  example  the  eye  can  vet  be  c-l<Med  (airlv 
well.     Sucking  movements  have  been  observed  even  in  bcmicephalic    nevr-t     " 
ehildren. 

From  the  motor  cortical  centers  the  path  for  the  fibers  of  the  facial 
and  hypoglossal  ncr%'cs  passes  through  the  genu,  that  (or  the  muscles  of,, 
the  extremities  through  the  middle  third  of  the  posterior  limb  of  tbi 
interna!  capsule  (Fig.  363).     Irritation  of  these  i>aths  causes  movement^ 
in  the  muscles  on  the  opposite  side.    After  destruction  of  the  cortical 
areas  degeneration  take.s  place  in  these  corticomotor  paths,  which  pascj 
downward  and  whose  continuation  is  designated  the  pyramidnl  tractS4l 
This  degeneration  has  been  found  within  the  white  matter  liclow  the 
cortex,  in  the  genu,  and  in  the  anterior  two-thirds  of  the  posterior  divi- 
sion of  the  internal  capsule,  in  the  cerebral  peduncle  (middle  portion  of 
the  lower  free  circumference  of  the  crusta,  where  the  tracts  for  the  ex- 
tremities and  the  nerves  of  the  trunk-muscles  lie  cxlcmally  and  those  for 
the  motor  nerves  of  the  head  internally),  in  the  pons,  in  the  pyramids 
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of  the  medulla  (Fig-  261).  and  thence  in  the  pyramidal  tracts  of  the 
spinal  cord.  It  is  obvious  that  lesions  of  these  tracts  at  any  point  in 
their  course  must  have  the  same  efTcct,  namely  hemiplegia.  In  the 
progress  of  the  degenerative  process  the  paralyzed  muscles  may  exhibit  a 
certain  degree  of  spastic  rigii  lity  and  an  increase  of  irrilability  to  mechan- 
ical stimulation  (tendon -reflexes),  which  must  he  considered  as  an  irrita- 
tive degeneration  phenomenon.  Later  on.  degenerative  changes  arc  ob- 
served in  the  ganglion-cells  of  the  anterior  horn  and  in  consequence  of 
these,  atrophy  and  disappearance  of  the  related  muscles. 
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Flc,  Ida,— Tlio  Cerebrum  «hh  Uie  Pilndwd  Cow&hjiloiu  *iid  Suld  (».fier  A.  EcIihJ  in  iu  UiBiiiudliuU  Rd*- 
aaa  id  the  Skull;  Sk  iLc  Sylflkn  Gimre,  wliti  lu  Totlul  atccoiliiic  iAiimi  uiicrlu  liinti  ukI  1i>  aariinaul  po*- 
wrfor  longrt  liniti;  C,  ihe  ceoinl  bnurv  or  iuIcul  or  ILmn  of  KoUnda;  A  %attrioi.  B  Knterior  cnirU 
ooovoJuiudi ;  F,  (DIWTlar.  P,  niiclJlc,  t',  ialiri.it  fc^.iiil  t omul w Ion;  (,  itiperi't.  t,  middle.  1.  vwtlail 
fnonl (wue Q««ccfHnl  nilcuO:  >'..  luprrim  lunru)  lolmte:  p.  mtrnitf  puietil  tabglt. irilli  ?i  fbdlculqi 
dio •uprftAtnuuJ ^l^ni*  tDd  P,'  aiiKi»]^  VJi'^i*-  ■■*.  uilrrpBnrti'  ^ukua;  cm,  rnrlTviniljr  of  Ifce  cdDfvnilftlSi- 
ul  nunu;  Oi  ll»,  Oi^Krotul.  O.  ihim  oulpU«l  coavoliiuon:  pu, jiutrtn'ocdiiiul  hinin-.  o,  ttmanmB 
Mdpftal  rdou: «,,  lolcnor  feaeElndiiuI  ■uleui-.  T.  finl.  T,  ariond.  r,  ihi«l  irinpon!  umvoluibin:  ( ,  fint. 
Ij  (Mead  Moipaol  Ibniici  ILi.KhK»  !»<•>■■  ui  lfieH«ltliil  wtiue;  L,,  1.,,  poIdmId  tbeUmMiUtil  luuirt. 


The  miiEcular  atrophy  is  not  alwxyt  proportionate  to  the  intensity  of  the 
iwralysifi.  PerbapB  special  trophic  fibers,  scparaud  from  the  motor  fibers,  and 
situated  nearer  the  sensory  libers,  pass  from  ihe  cerebrum  downward  through 
the  intemal  capsvile.  The  tract  for  the  seventh,  eleventh,  ami  twelfth  crret>ntl 
aorvcs  is  situated  in  the  genu  of  the  iatcmal  capsule.  The  tracts  for  the  rotation 
of  theeycs,  the  mu^esoT  the  trunk  and  the  iiapc  of  the  neck  arc  aituatcd  on  cither 
side  in  thf  inti-rnal  capsule  fur  both  siJi;s  of  thu  body. 

According  to  ohservations  of  Flechaig  and  Hoese!  it  appear*  that  the  motor 
area  is  at  the  same  time  the  eensory  center  for  the  miiscle-sonac  and  inncrvational 
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Ih'<-ti  iilntiTN'ttd,  aiid  on  the  oihur  hand  iiIko  fnini  itinior  pandytis  wiiliimt  a 
an  of  ibf  funrn-r. 


impressions.  Therefore,  the  larger  portion  of  tl»e  ascending  libera  in  llic  po«icrior 
colunuis  of  thir  mvdullii  must  poM  lo  the  cctilral  coiivotutiotm.  By  others  the 
nupcrior  pimctal  lolmic  (P,)  is  tonsidm-d  as  the  scut  for  iin[ircHii(>ns  of  position 
and  movement  Tin-  cmdufting  trnct*  arc  believed  to  Im:  -sit«fttr<l  itiiim-diAtcIy 
behind  the  ttiotiTr  tracts  in  th*-  internal  enpsiile  ]l  is  a  noteworthy  foci  thnl, 
in  man,  oai  ihe  one  hand  eicelusive  loos  of  muscle -sense  or  of  conception  o(  position 
has 
lesion 

The  psvchomotor  centers  mny  also,  at  times,  be  stimiitntcd  to  activity  through 
pnychir  inrtucnci-»  (grimace.  |iantoniinie,  gcsturel.  nt  times  be  inliihiied  ihrough 
psychic  shock  ("  paralyzed  liy  fri»:hl,"  "  sTrtOl-tmiind  with  fear. "  "'  spei-chleas  from 
Kn'cf,"  c«.>.  On  stimulntinn  vi  voluntary  nuAcmcnts  within  certain  muscica 
an  inliititory  nicch^nUin  in  the  cortex  al  the  same  tune  bee<:"r«ies  eflvctive  and 
renders  the  adjact-m  cortical  centers  inaetive.  1  ( this  inhibition  is  en(c«bled,  un- 
intentional asKwialed  movement*  take  place.  ThiK,  in  children,  for  inMatwe. 
associated  movements  of  The  minith  are  oW-rvcd  diirinji  writing  exerdscK 

Paihological.  —Irhtalion  of  the  psychomotor  areas  from  imemal  patholoeical 
eautiex  may  give  n*e  to  mania[:al  motor  adivity,  for  example  in  the  state  of  »-  - 
called  "pii«5e»sinn."  Involuntary  Iwitchinipi  in  individual  inunrles  due  to  irri- 
tation of  ihc  motor  centers  occur  in  the  cnndiiion  of  para  myoclonus  multiplex. 
IX-ficieni  nctiviiy  of  the  previously  referred  lo  inliibilion  of  tin-  psychomotor 
Ccnltre  io  capalrlc  of  CiUbing  ccrt'hral  thore^i.  In  analogy  with  the  attixic  motor 
jtnt«  in  iuiimal«  tir«t  d<,>4cnl>cd  hv  Lardoix  there  o<.-curs  aleo  in  human  tK^ngs 
a  eondilion  nf  cerebral  ataxia.  'l*h^  cerebral  parnlyDin  of  childhood  is  dtie  to 
de^nerative  inltammatorv  proc<'»ies  in  the  motor  areas.  In  acephalctis  fetUM*. 
marked  deficiency  in  the  development  of  tlic  pyramidal  tractK  has  been  ohsiervcd. 

In  m;«i  the  entire  sytitem  of  the  |iyr«mi<ia'l  tntclx  may  undtfrno  deOT-neraiion  j 
also  from  inicniul  catisc*      Parsdysis.  •iji.'isiir  cnniracturcs,  and  atropny  of  the, 
muscles  of  the  body  (on  one  side  or  upon  nmh  ?i>desl  are  cimrncicriatic.  ais  obsicrvcd  ■ 
in  the  atn>Mtn)|ihii-  taicral  Kclertwis  of  the  ^pinal  curd  of  Cliunot       jn  childhood 
the  normal  development  nf  the  pyramidal -tract  system  may  fail  to  take  ])lacc 
fend  cerebrospinal  paralysis  thus  result 

Wetl-observi-d  clioical  ctim:^  aid  in  tbft  loealitAtion  of  th«  individual  motor 
Hibe*nter«.  (i)  The  center  for  the  mo^-cmcnt  of  the  leg  i*  ntuntcd  in  the 
vicinity  of  the  upper  extremity  of  the  fissure  of  Hnlando  (Fig.  s*©.  Ci.  and  in  the 
paracentral  lobide  (Fig.  j6a.  A  If),  (i)  The  center  for  the  upper  extremity  is 
siLuai<-d  in  the  middle  third  of  tin-  anterior  central  convoluiioo  or  somewhat 
lower  (Kill  360).  The  center  for  the  ihttmbx  and  the  fioKeis  is  xiluaird  in  Iha 
pitsterior  central  convolution  Ik-Iow  the  center  for  the  upper  cxlrrmity.  (,0  The 
Center  for  the  facial  nerve  is  ailualed  at  the  lower  cxtixmity  of  the  anterior  c-cntral 
convolution  (center  for  tlie  muutli  and  the  lower  portion  of  the  face).  The  lower 
thirti  of  the  anlcrior  centra]  convolution  on  the  left  and  the  adjacent  foot  of 
lh«  second  and  ibird  frontal  ernvolullons  contains,  on  each  side,  the  center  for 
the  trigeminus  (movement  of  maiticntif>n)  The  anterior  portion  of  the  ante- 
rior central  convolution  is  connected  with  the  hypoglossal  nerve,  The  mosC 
anterior  and  inferior  portion  u(  llie  anterior  central  K^'r^>l  ajuwam  to  be  tlio  srat 
controlling  the  action  of  the  tcnsot-s  of  the  vocal  hands  The  island  of  Rjeil  con-, 
trols  the  movements  of  the  vocal  bands.  (4I  The  portion  of  the  frontal  lobe 
lyinK  in  frcmt  of  the  middle  third  of  the  anterior  central  convolution  crmtmla 
the  muscles  of  the  nape  of  the  neck.  The  centers  (or  the  mu»cl»  of  the  trunk 
arc  situated  upon  the  surface  of  the  anterior  central  convolution  above  the  centers 
for  the  upper  extremity  (5)  The  external  ocular  inn»cles  appear  to  havf  their 
cortical  centor  in  the  anRuiar  B>Tu«  (Fig  j6o.  P,').  The  centers  for  the  lateral 
movcmmt  of  the  head  and  the  eyes  arc  tutuatccf  in  the  posterior  portion  of  the 
second  frontal  eonvolutinn. 

The  motor  centers  may  be  paralyzed  either  individually  or  collectively,  and 
jicc'irdinKly  cortical  oculomotor  monojilcKia,  crural(rare).  brachial,  brachiocrwral, 
lin^ofacial.  and  tin.illy  faciobrachial  form*  of  monoplcpa  haw  lieen  distineuishcd. 


If  the  motor  centers  are  irritated  by  morbid  process** — particularly 
hyperemia  and  inflammation  of  syphilitic  origin,  rarely  tubercle,  tumors. 
cysts,  cicatrices,  splinters  of  bone — convulsive  movements  lake  place  in 
the  related  groups  of  muscles.  Those  muscles  that  are  ustiaily  moved 
upon  both  sides  appear  thus  to  be  stimulated  from  one  center. 
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In  accordance  with  iheir  swat  these  convulsive  nio%-cments  are  dc!ti)[nate<] 
facial,  brachial,  cntrul  nionitK]>iiMii.  and  thf  like  Stii'h  m'^vi-iTicnts  naturally 
may  alsi;  involve  si-vcral  crntL-rs  at  th*  same  time  In  mm  with  thp  sMrfacc  of 
the  hemisphere  freely  exposed,  the  region  nf  the  nintor  ceniors  has  l>ccn  succcbs- 
txilly  Atimul&Kil  by  <^IeL-lncily  liy  Barthiiluw.  Srianiaiina,  and  intiem 

If  intense  irritation  be  applied  upon  one  side  bilateral  convulsive 
movements  with  suspension  of  consciousness  may  occur  (properly  desig- 
nated Jacksoniaii  ur  cerebral  epilepsy). 

Tlic  foUowinp  t.IjsiTvation.t  liavi:  liccn  madr  li«'«riiig  wptni  t>ic  renter  (or 
volttulary  combined  muvciTK-nts  of  the  eves  in  the  cortex  in  fnnn:  Both  eyeballs 
are  controlled  from  each  hemisphtn;.  In  thv  i'ixw.nt;c  of  [.■aralyj'.inK  lesions  of 
tho  cortex  or  of  the  tract*  thai  jiawi  ■>ff  frwn  it  both  eyeballs  are  occasionally 
found  in  a  state  of  lateral  deviation.  H  thu  paralysing  Iciuan  lie  situated 
in  a  cerebral  Itetnistihere  con- 
jujtate  tlevial.icm  oi  the  eyo* 
balls  takes  place  toward  th« 
unalTectcd  side.  If.  how- 
ever, it  lie  seatci!  in  the 
conducting  tracts,  where  de- 
cussation has  already  lakcn 
plaee,  nnmelv  in  llio  pons,  the 
aeviation  o{  ih*  ey«  takes 
place  toward  the  paralyxcd 
side.  If  lhe§cnt  of  the  lesion 
is  in  a  state  of  irritation  caus- 
iri£  con  I  r;  let  1  oils  i«i  imi-  «dc 
of  tlie  l«itly,  the  deviation  of 
thccyra  is  naturally  In  a  direc- 
tion oiiponile  tu  that  in  which 
it  wouVi  be  in  association  with 
paralysis.  In  easvs  i>f  c*re- 
oral  paralysis  th*re  i«  occa- 
sionally, inctead  of  thv  innrked 
latcnil  dcviatiiin  of  the  eye- 
balls, only  a  paresis  of  th« 
lateral  rotators  of  the  t:yel>a!li(. 
s(i  that  thiiiijth  (inriiig  rest  the 
eyes  are  not  Totaled  toward 
the  unaScctcd  aide,  thvy  can- 
not be  adcnuHtelv  rotated  to- 
wjtrd  the  affected  side.  Also 
Ihc  elevator  of  the  iijiper  cvp- 

lid  Bppe»ni  to  have  its  eeiiter  in  the  angtilar  gvniK"  but  aceordinjf  to  some 
observers  this  is  situated  in  the  posterior  limb  of  tne  seond  frontal  convolution , 
extending  into  the  linct  frontal  convolution. 

The  motor  speech-center,  which  controls  the  voluntar>-  movemcots 
of  the  tongue  (hyjj<ij>ltissal  nerve)  and  the  mouth  (facial  nerve),  including 
the  lower  jaw  (tfiini  division  of  the  fifth  nerve),  is  silua.led  in  most  per- 
sons in  the  Itft  third  fruntal  convolution  (Fig.  360,  F,).  The  fact 
that  mnst  person.'v  are  right-handed  also  indicates  a  more  refined  develop- 
ment of  the  motor  apparatus  for  the  upper  extremity  in  the  left  hemi- 
sphere. Human  beings  with  well-rieveloped  right-handedness  are  ob- 
viously left-brained.  Perhaps  this  arrangement  is  dependent  upon  an 
cmbryological  basis.  By  far  the  majority  of  persons  are  thus  left- 
brained  speakers,  although  there  arc  exceptions.  As  a  matter  of  fact, 
left-handed  persons  have  been  ohsen.'ed  to  lose  the  faculty  of  speech 
after  lesions  of  the  right  hemisphere. 

Studies  of  the  brains  from  distinguished  men  have  shown  that  in 
them  the  third  frontal  convolution  attains  a  greater  size  and  a  less  simple 
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Fid.  •$!. — Seccnduy  Dtwrnnlina  nl  tha  Maine  Trmrn  in  ilic 
CtnlnJ  Polnncle.  ihr  Pant  «n>l  iV  Prmraiii.  Tb«  itudnl 
tttut  C'J  ii#  ')t«rnpralKl  (»ft»f  GiftrcoO. 
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form  than  in  tlie  brains  from  persons  of  lower  grade  of  inEelligence.  In 
deaf-mutes  this  convolution  is  exceedingly  simple  and  in  microcephalic 
fetuses  and  in  apes  it  is  merely  rudimentary. 

Injuries  of  this  speech-center,  as  well  as  transitory  functional  dis- 
orders, for  example  in  consequence  of  copious  hemorrhage,  are  followed 
either  by  loss  or  at  least  by  more  or  less  considerable  derangement  of 
the  faculty  of  speech.  The  loss  of  the  faculty  of  speech  is  designated 
aphasia.  Stimulation  of  this  region  causes  sensations  of  spfcch'ttiov^nienl. 
which  occur  rarely,  l!ic  sensations  often  beiny;  referred  by  the  patient 
for  example  paralytics,  to  other  parts  of  the  body. 
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fio.  rtf .— Vlcv  of  ihc  UoUui  Surlier  ui  ili*  Uuniaii  Bnio:  CC,  ibe  diiidcd  lurpiu  calkauin;  f*.  fim  tnoMkl 
i<invu),ilii: II  finliniiou*  a{  .1  iriih  >\i«  tnUnc*  »ci(ral  (luxolulinn  iA'>;  fl,  p(«i(riai  r(«Mnl  raanliMhM. 
iMtmrni  -{  urirj  Jt  u  the  mnliin  txumaiy  of  the  liinirt  of  Rnlanlo  i^B  clruciuiMt  loraccntnl  lobuk):  Gl. 
I^ynu  tnrniraTMi.  tMuixIti]  \i<i  iht  ollMomueiMl  ltMur«  (n»)  from  tkf  firtf  bontkl  MiJ  tb*  nttnl  mb<oI»- 
Uoni.  Ttw  dUmmuRliul  tunm  (an  in  lis,  3O0)  ta^a  upiranl  tclwfcn  ]>  and  /  (the  aopokc  laikal 
lobuli>}:  t*.  lite  lahrro  ocdiita  Aivire  <pa  in  Tig  tM  viuntn  ibf  onipiLiI  ti>bt  (O)  Iron  ibe  fHtnl 
loh«  (1^;  0.  qiiadnir  M«  (i«y^cun«i*>i  Ch.  (unnu;  ».  (Jr»rini>  (unin;  lif.  lingua)  lob*  (int4baMidiiU>- 
ion)|>.>rKl  tn7ii>V.  Fi,  luiilonn  lobute  (ktnal  ocdpiio-icnponl  cttu*):  //.  hippaampa,!  onl*;  if,  nKMMe 
ffnn;   k,  hj]i[ii(*ni|al  lulnit'.  F.  Irnnid,  P,  |aririBl,  O,  t>n-i|i{|iil  lohr. 

Tho  motor  tract  for  spMch  pnssn  from  the  third  frontal  convotuHon  jirst  along 
the  upper  marsin  o(  ihu  i&Uina  of  Reit,  then  in  Oio  depth  of  ih*  hemispht-re  iti- 
tL'nialLy  to  Die  piwtrriur  murRi'i  ^f  tl<i*  lmiit:uliir  iiuclcuii.  and  thrn  thiouKh  thr 
(.-nista  of  the  Wt  cerebral  ppdundi-  ani]  tliL-  left  half  of  the  pons  tn  the  medulla 
oblongata,  the  scat  ol  the  nuclei  of  all  the  raotor  nervca  concerned  in  tbe  act  ol 

3 leaking— triKcmtiius,  facial,  hypoglossus.  vasus,  nc-npiratitry  nnvet-  Total 
cstruction  of  this  motor  tract  l-jiuscs.  therefore,  total  n|>h.-uiji.  Partial  Icsionfl 
cause  more  or  k-»  coarse  derangement  of  the  mcchanisn)  of  articulation,  which 
lias  kc«ii  dcsifinatvd  atiTlltrta. 

Three  types  of  activity  are  necessary  for  the  function  of  speech:  i. 
The  normal  movement  of  the  speech -apparatus— tongue,  lips,  mouth, 
respiratory  apparatus,  3.  A  knowlcdKC  of  the  symbols  for  objects  and 
ideas — speech,  writing,  and  gesture,  3.  The  correct  .issociation  of  the 
two.  Therefore,  the  following  essentially  different  forms  oC  aphasia 
must  be  distingtiished : 
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I,  Ataxic  aphasia,  or  psjvkmiotof  apkan'a,  is  loas  of  the  power  of  speech 
kflonseciunicv  uf  inabihiy  to  i-xirtrutt;  in  a  co6r<linate  manner  ibe  niou'tnenu 
sae^ary  for  speech.  UniJrr  such  circumstances,  the  Hlnlity  hu<>  )>ecn  lost  to 
form  a  conc«plion  of  ilie  Diovements  for  speech,  as  well  as  the  power  also  of  recog- 
nizing the  position  of  the  organs  ol  ^xrrch.  Tlie  inu-niion  to  !t|icali:  causes  in* 
coonuoatc  grimaces  nod  tbc  ultcriuice  of  inarticulate  sounds.  I'hcrcfnro,  xhc 
I>a.tient8  aro  unable  to  repeat  what  is  spoken  lo  them.  At  the  same  time,  the 
mental  proccttocs  necessary  for  the  faculty  of  spcceli  are  wholly  prevmed.  and  all 
wordfl  tire  probably  retained  in  memory-,  so  that  some  are  still  able  to  express 
Ihetosclvea  in  writirig.  If,  however,  the  rft-lieaic  movemwitu  acqiiireil  by  edu- 
cation that  are  necessary  for  writing  arc  lost  in  eoiisciiucnee  of  a  lesion  of  possibly 
a  S|K'eial  eejitcr  at  the  extremity  of  the  second  (ronial  convolution  there  rtxults 
at  the  same  time  ataxic  agraphia,  that  it  an  iniihiliiy  to  perform  the  movemitntl 
necessary  for  writing.  The  intention  to  rccoril  thouetit  on  paper  results  only 
in  an  illegible  scrawl.  At  times  even  pantomimc-spct^ch  may  be  interfered  with 
under  such  circumslarces — -aitiiMiii.  Tncre  niaj'  be  atno  a  purely  functional  hys- 
terical aphasia.  ^ 

1.  Anirmic  aphasia  oe  PsycJitntHsorial  aphtisia.  o^condilion  in  which  the 
memory  of  words  is  lost.  Occasionally,  only  certain  groups  of  wonU  are  lost, 
or  even  only  portions  of  certain  words,  so  that  these  may  be  produced  in  a  de- 
formed or  partitd  manner.  The  movcraents  ncci-snary  for  BJifceh  arc  intact. 
Therefore,  tnc  patient  is  capable  of  repeating  at  once  all  that  is  spoken  to  him 
or  of  writing  on  dictation.  In  poly^ot  individuals  all  forms  of  language  are  hwt 
and  not  only  one.  Amnesic  aphasia  has  been  obxervcd  in  connection  with  de- 
&tnu:tion  of  the  first  temporal  convolution  on  the  left.  There  is  also  n  combined 
form  of  aUixn-amneiic  aphasia.  la  another  variety  of  amnesic  aphasia  while 
the  words  are  still  irtaiiied  in  memory,  they  caimol  Ik;  cxiircsacd  fluently,  that 
is  the  association  of  word  and  conception  is  inhibited.  The  failure  to  rcc&ll 
persons  and  the  names  of  objects  is.  particularly  in  aHvnnced  age,  a  phenomenon 
observed  within  physiological  limits,  but  which  eventually  may  terminate  in  s^nijf 
amHi'sia.  Kucimiaul  h:u,  further,  included  among  the  cerebral  demngcments  of 
Bpeoch  the  following  8i)ecial  vanclics: 

3.  Parapliasia.  or  the  inability  to  associate  corrtctly  the  word-images  with 
their  co?icei)tii«is,  so  ihut,  instead  of  intelligent  wonl-jncTiires,  revprsed  or  wholly 
incomprehensible  word-pictures  arc  aroused.  There  occurs  to  a  certain  degree 
permanent  KonfuMon  of  speech. 

4.  Ai^rammatum  and  acatafikasia,  or  the  inability  correcllv  to  form  words 
iframmatically  and  to  arrange  toein  syntaxically  Jii  sentences.  In  addition  there 
may  be: 

5.  Abnormal  slttunrfs  cj  apfich.  brtutyphasia.  or  abuAmtnl  ataUratian  a}  speech 
{litmutlus  strmoMis),  a  lisping  or  abnormally  slow  Kjn^ech,  whieh  likewise  are  de- 
jK-ndent  upon  cortical  iHsfirdcrs,  ULTiuiyctiients  "f  sprcch  thai  arc  dependent 
upon  affections  of  the  peripheral  nerve  or  the  muscles  of  the  organs  of  voice  and 
speech  have  been  described  on  pages  617,  6g7  and  ;i3. 

Tlie  fixcitUy  af  mh.hVij/  eKpr^Muin  may  Ik'  preserved  or  lust  in  connection  with 
aphasia — umusia,  note-blindness,  sound-deafness;  it  is  perhaps  represented  by 
a  special  cortical  center,  pos&ibly  situated  in  the  posterior  portion  of  ibe  first 
ono  second  temporal  convolutions. 

The  cortical  thermic  center  for  the  extremitieK  discovered  by  Ettlen- 
burg  and  Landois  is  at  the  same  time  related  to  the  localization  of  the 
motor  points.  There  arc  observations  on  record  of  injury  or  degenera- 
tion in  these  areas,  with  inequality  in  the  temperature  on  the  two  sides 
of  the  body.  Mter  the  existence  of  paralysis  for  a  considerable  leoKtb 
of  time  the  temperature  of  the  affected  ineinhers,  which  at  first  is  higher, 
may  become  lower  than  that  of  the  unaffected  side.  Stiinulation  of  this 
area  gives  rise  also  to  increase  in  the  Mood-pressure,  as.  for  example,  in 
connection  with  epileptic  convulsions.  Wounds  made  for  the  exposure 
of  the  brain  therefore  u.tually  bleed  more  freely  during  such  an  attack. 
Accordinx  to  Scliuller  the  center  for  the  entire  contralateral  half  of  the 
body  is  situated  just  in  front  of  the  precentral  gyrus  in  the  setond  tem- 
poral  convolution. 
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In  nuM-s  of  pniKmuavc  luiral.vxix  at  the  insanr.  attcn<lril  with  inftsmniKtii;  . 
vt  tbc  a.-rcbrnl  ctn-(cx,  the  tcmpcrntuTc  in  the  axiUA  is  usually  hi^rr  upon  the 
side  oo  which  the  iiarolyiic  fihcnomt-na  arc  siluau-d.  Coiivroicly,  in  Lht  caar  ttt 
coavuiaiuns  ctiuaeil  by  iii(!utiimiitor>'  imtatit^n  of  the  curltciil  omtvr*.  the  tem- 
perature upon  the  cont rain tv nil  side  is  several  tenths  o(  it  degree  lower  during 
ihrii*  continuance  If  «-xtonsi\v  vflM'ul.ir  nrons  arc  partAy^eA,  the  tempcrsU 
of  the  body  may  fall,  for  example  in  parnlyiics  to  as  low  as  ?;"  C. 

Degeneration  o(  the  inti-mul  caitiiulf'  nivt-s  ri%e  to  vanumotur  disnnlers  ant 
frt>m  this  fiict  it  is  to  l»e  cunrhiileil  Mint  the  iracts  for  ihe  thermic  libers  ps 
lliroiiRh  this  flrueture.     The  innrl'idly  increased  Hustling  from  psychic  inllueciceit' 
imriiimlarly  from  fear  jireteJing  llie  oiisct  of  the  dii^iinx  (er;'throi)hob(a) .  han 
hccn  (itlrihiiled  liy  v,  Rrchtrrevv  miil  M!.\la«'sk{  to  irritnti<ni  of  the  area  iliflcovcrecl 
by  them  to  have  va^tiidilntor  etTccts  ns  n  remit  of  expert rii cms  on  dogs. 

Tile  sensorial  areas  or  the  Bense-centers  are  the  situattuiu  in  which 
consrious  jjcrccpliun  of  sciisc-iiiipressions  takes  placv.  In  adfiition, 
lliey  constitute  also  the  substratum  of  sensory  conceptions  and  of  sensory 
memory.  The  sense-centers  are,  according  to  Flechsig,  developmentally 
pTtmoTiiial.  that  is  in  so  far  as  they  are  indicated  tip  to  the  time  of  birtli, 
AnA.scconJary,  in  so  far  as  they  attain  complete  development  with  their 
connections  at  a  later  period. 

The  psycho- a ptxc  cmtcr,  visual  center,  visual  sphere,  comprises  in  its 
primordial  rtiUiniont  up  to  the  time  of  birth  the  lips  of  the  calcarioe 
fissure  (Fig.  sbi)  iuid  tlie  first  occipital  convolution.  In  its  secondary' 
development  it  comprises  further  the  entire  median  surface  of  the  oc- 
cipital lol)c.  on  the  convexity  only  a  small  xone  within  the  first  occipital 
convolution  and  the  occipital  pole,  hut  not  the  cstcmal  occipital  g>-ri 
and  the  angular  KV^*- 

According  to  clinical  observation  the  first  occipital  convolution  (Fig. 
J46.  (.'').  inciuiiing  the  cuncus,  contains  the  optical  Jvrceplii'H -field.  Ac- 
cordingly, destniction  of  this  refjion  on  one  side  cause  homonymous 
hemiopia.  To  the  patient  the  half  of  the  visual  field  of  the  same  side 
appeurs  not  as  black,  but  only  as  if  not  present  (deficiency  of  visual 
perception).  In  an  analogous  manner  irritative  conditions  on  one  side 
give  rise  to  pliotopsias  in  the  homonymous  halves  of  the  visual  fields. 
Hemiopia,  occasionally  associated  with  hallucinations  within  the  blind 
halves,  has  been  observed.  Injury  of  the  region  named  on  both  sides 
(also  the  efTecls  of  poisons,  such  bs  alcohol  or  lead)  causes  total  blindness. 
Irritation  of  both  centers  gives  rise  to  manifestations  of  light  or  color,  or 
to  visual  hallucinations  in  the  entire  visual  field.  Cases,  further,  of 
cerebral  lesions  in  which  the  spatial  sense  and  the  light-sense  are  wholly 
intact,  while  the  color-sense  alone  h  destroyed,  indicate  that  the  center 
for  the  color-sense  must  be  especially  located  within  the  visual  center, 
perhaps  in  the  most  posterior  portion  of  the  ftisiform  and  lingua)  lobules 
(Fig.  adj).    Color-hem iopia  has  even  been  obser\'cd. 

The  clinical  ot^ervalions  of  hemiopia  teach  that  the  visual  field  of  each  e>-« 
can  In-  ctividcil  into  a  loigcr  cxi«mal  and  a  smaller  internal  portion,  the  two  lieine 
separated  by  a  vertical  line  pansinK  throiijEh  the  yellow  8|vot.     The  rieht  or  left 
halves  of  both  visual  lields  are  controlled  from  one  heniispbcre.     The  left  halves 
mudt  he  proit^-led  iipfii  ihc  right  "ccipilal  Inbe  ami  the  ri(;ht  njuwi  the  left  occiji-  ^ 
ital  IwIk*.      Thii»,  cvcrv  imaKc,  nn  Innocular  visiun ,  if  not  too  small .  must  be  •ertJ 
in  two  hntvcn,  the  left  half  from  the  riRht  and  the  nght  half  tre-m  the  left  cercbnjT 
hemisphere.      The   yellow   spot   is    in   <lirect  ccnneclion  only  with  the  exteTual^ 
gcnieuliite  body,  and  the  ctmnccting  libera  terminate  in  the  wall  of  the  eakarin* 
lissure.     It  i:'  a  remnrlcibic  f.ict  that  In  cajc«  of  bilateral  hemiopia  a  uiiall  evntral 
licld  of  visual  activity  is  pre>rrvrc).     In  cases  of  hemiofiia  also  the  a<-tiiin  of  th» 
pupils  is  impaired. 
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Exclusive  irriiation  ol  the  color-cmtcr  givc«  rise  to  the  appcaraitcc  of  color- 
hoUiiginjitioiu!,  as  obM-TVcd  in  Iht^  i:t>|i>rc<I  aura  in  cascn  of  «].>il«^i'»y,  Color«l 
vieion  fiocuis  aUo  in  conjtmetion  with  oth^r  ctrt-bra!  aflcctionn.  lor  example  *« 
erjnhropi.-t.  R»rply,  the  sul'jwl  hiw  nlwu-rvcd  ovcrvlhinp  as  yellow.  i>r  hluc,  or 
vlolc-'t.  Some  poisons  givi-  risw  to  Ihv  mihih  rpsull  tfiruuRh  an  infiucnct-  upon  i)u' 
ccn'hr.kl  color -CMilir;  yellow  viiioii  due  H>  Kitnonin.  ri-d  viiaoii  due  to  li<'nl>ai;f, 
violet  virifjn  liuc  in  hashinli.  l.rsioii.'s  i>(  t.hi:  ciiloT-cnilrr  havi-  Wen  foiiitd  as  the 
result  o(  cvrtrbnil  cr>ncii^i"ti  and  after  the  nctiwi  r»f  various  poisons.  pcnDBncnt 
tiT  imnditury,  total  or  portiB]  color-liliiidncsa  rouUing. 

The  remaining  portion  of  tlie  center  contains  the  optical  memory^ 
fieUi,  destruction  of  which  gives  rise  lo  mimt-bliudneis ,  in  case  of  a  lesion 
on  one  side  especially  upon  the  contralateral  side.  A  spei-ial  form  of 
this  condition  is  known  as  ti'ttrJ-A/iirJiicis,  the  individual  no  lunger  recog- 
nizing: the  symbols  of  writing — alexia,  The  area  comprises,  acoordinR 
to  Flechsig,  the  supramnrginal  gj'nis  and  the  parietal  lohiutc.  Figures 
and  letters  appear  to  have  special  central  memory -fields. 

An  intc renting  ease  nf  raiml-Windm-w;  may  Ijo  citwl-  Afti^  wwre  cmottonBl 
disiurhancr  luss  of  ihc  mmmry  of  vikiihI  prrrcpticiis  fli-vrliijicd  uiddrnlv  in  an 
inttflligt-nt  man.  Evcr>-lhing  with  aliich  hi-  had  tfiLH  famihar —persons,  strtei*. 
houni's —aufi caret  1  cjitirfly  strange  lo  him  and  he  cvwi  no  loiijjcr  rcc(i>;ni/id  his 
image  in  itie  mirror-  On  ntttrmptinf;  to  rtad  or  figwre  hi-  itas  ctJinpcllcd  U>  spc«l( 
the  words  and  lijcures  id<jvd.      In  hie  dreams  visual  imoKcs  were  entirely  wanting. 

In  o'nse'nieiice  of  morbid  irriiation  of  the  vibunl  c^^lter,  pfjiumnccd  visual 
hallucination  moy  develop  in  man,  prirtipally  in  the  insane,  Fainuus  instancec 
of  visw.il  hallucination  are  fumiithed  hy  Jrannc  d'Arc,  Cardanus,  Swi-di^nbisrg, 
Xicoiai.  Jnslinus  Kemer.  Holderlin  'Tin-  Hjiirit  Mui  thi-  demons  of  all  time, 
the  divine  visinn  of  Iheascelies" — inaniltrm'hallneinaiiotiH  in  fasting  persons— 
"tht:  spiritual  r«>re)tentation  of  the  magician,  the  dream-ohjrct  and  tin*  haUu- 
cination  of  the  fehrile  and  tnwuie  patient  nrr  mie  and  the  «ime  phrmimcnon" 
(Johannes  Mollcr)  Cases  h»\x  also  been  observed  in  which  hallucinations  were 
present  only  in  one  eye.  Otcasiunally.  tliese  &n:  seen,  fur  exampk*.  in  cases  i>f 
delirium  tremens,  principally  wilhwit  color,  therefore  s^y. 

After  dogc"era.tii-rti  of  the  cortical  erntcr,  in  the  first  and  second  occipital 
eonvf.lulion*.  eunt-ua  and  lingunl  lobv.  the  ftlx'W  deRenerfltt-  llial  c'lnncct  the 
occipital  lobe  with  the  eMemn]  genicttlsle  body,  the  anterior  (iwadnftcminate 
Iwjdy  and  the  imU'iiiur  of  the  optic  thalamus;  fiirlher.  these  slruelnres  themselves 
and'later  'm  i\n-  origin  of  the  optic  tract  nf  the  sante  side. 

The  lower  in  the  animal  kingdom  one  descends  the  less  is  the  significance  of 
ihc  cortical  center,  and  of  the  external  Kiniciilate  body  and  the  pnlvinar. 
which  together  itiihuM-rvc  the  function  irf  iisycliic  vision  in  the  higher  vcrlebraUs. 
with  respect  to  the  act  of  vision,  while  at  tnc  &amc  Lime  the  anterior  (juadri geminate 
body  increases  in  size,  until,  fiiiallv,  in  tishea  it  constitutes  the  s<>Ic  visual  center. 

In  thi'  iii-w-horn  the  ■■plie  riidialion  to  the  corle.X  i»  yet  wanting,  di-vcloping 
only  in  the  c>.Tijr«e  o(  wi-eke  The  infant  i«  also  up  to  thm  time  without  mychic 
ittilia'atiDn  of  what  i^  seen,  that  is  it  is  for  the  time  licing  still  tnind-blind.  The 
deeper  centers  ainne  are  at  lirst  active  and  excite  only  reflex  action.  With  the 
development  of  the  conical  eenii-r,  the  activity  of  the  deeper  centein  later  on 
diininuhi-s  l"  xuch  a  dcj^'e  that,  a*  tsmyn  ax  consciouNiiejiti  has  devi-ic>)ied.  b[ind> 
ncss  <»erurs  iifler  dcstniction  of  the  psycho-optic  centers  In  certain  vorictica  of 
hysterica!  ini]>airnitni  of  vision  it  appears  that  while  the  cortical  center  ia  still 
functionally  active  tJn.-  mind  of  the  patient  doco  not  appt<.x-iate  what  is  ^ccn. 

The  psydh^auditory  atUrr  or  oitdittfry  sphere  is  situated  on  each  side 
(crossed)  in  the  tempara!  convolutions,  particularly  in  the  root  and  the 
posterior  portion  of  the  first  and  concealed  in  the  wall  of  the  fossa  of 
Sylvius.  Total  destruction  of  this  center  causes  deafness:  partial  injurj- 
on  the  left  side  may  give  rise  to  nittui-iictiftK'fs.  Among  the  phenomena 
of  the  latter  is  vfrbal  deajncss.  which  has  been  observed  alone  and  also 
in  association  with  verbal  blindness.  Wernicke  found  in  cases  of  word- 
deafness  softening  in  the  posterior  third  of  the  first  temporal  convolution 
(T')  on  the  left  (!),  and  Naunyn  designated  the  third  and  fourth  fifths 
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iis  the  active  areas.     Coniplctc  deafness  otours  only  on  destruction 
llie  latter  areas  on  both  sides.     Word-deafness  is  followed  by  secondary' 
atrophy  of  the  motor  speech-center. 

Verbal  blindm-M  and  (kafncss  may  be  included  clinicBllv  in  the    ■" 
nphaxic  di.iordor*.  tn  .-iu  far  a»  llitv  rcstfiTiliU-  the  amnr.tir  variriy.     Tin  f  '. 

nr  the  winxl-blitic!  )>iilient  rcscmbU-s  an  individual  wliii  in  early  youili  li.t  .  ...i 1 

a    [areiEn    languaEc,    n*hich    in    later    bfc    he    hus    completely    forgoiteo.     He 
ti««rEi.  llicrefore.  or  fic  reads  well  th«  w>/rds  and  the  aymbols  o(  anting  and  lie  it 
able  Also  to  repeat  ihc  words  (tpoken  Xo  him  and  to  writ«  tht-m  on  dictation,  but 
be  has  entirely  Ic«t  comprehensitwi  of  the  si^s.      \lTiilr,  therefore,  the  amncsie 
aphiLEic  h;>8  ii-st  only  ttii-  key  of  the  d<Kjr  m  his  speech -mechanism,  the  word-deaf 
or  word-blind   patient   has  lost   this  mcehanisni  itself.     From  a   ease  in    which 
recovery  luolc  placr  ii  i*  known  thai  tJit  word  soum!*  in  the  patinil  hke  a  eunfused 
ratimtiir      In   left-limiilid  pemiin.'i  dt^lnulitm  of  tin-  kfl    irmpora!  lobe  is  not) 
followed  by  word- den fness.  as  in  them  the  center  ia  probably  situated  on  the  right  ■ 
aide.    The  hnllucinaiions  of  hearmg  induced  by  irniaiion  of  ihe  petycho-anditory 
center  api)eiir  usually  iu  tlic  riyht  eai*,  althvuKh  tht-y  may  appear  in  both.     Occa- 
eionally  they  arc  at  the  sitmc  time  diriorcnt  in  content  and  character  in  l>oth  ear« 
llxtpie'nin  ohserv'ed  atrophy  of  the  temporal  lobe  aflcr  deafness  of  lonfj  standing. 

Aerapliia  alEo  inay  De  due  tu  leurd- blindness,  the  patient  btnng  unable  to 
winte  from  copy,  although  ho  can  writ*?  spmiianeouKly  or  on  dictation:  and  lilce- 
ntxu  10  wtinl-deafnvxs.  the  patient  beint;  unable  to  write  on  dielalicm,  although 
he  can  write  spcMitaneou^ly  or  fmm  copy. 

According  to  Flechsig  the  psycho-osmic  center  or  the  olfactory  sf>herf 
comprises  the  entire  p«stcrit>r  iiiarKin  of  the  l>asc  of  the  frontal  lobe  and 
the  hasA\  portion  of  the  fom  irate  gyms,  the  uncinate  gjrus,  and  a  portion 
of  the  adjacent  inner  pole  of  the  temporal  lobe,  The  psyckogeusic 
center  or  the  gusititor)'  sphere  is  supposed  by  Flechsig  to  be  situated  witliin  ] 
or  at  the  margin  of  the  center  for  bodily  sensations  or  the  olfacton,*  sphere. 

Subjective  sensations  of  taslc  or  smell  in  the  insane  and  in  epileptici  are  doe 
to  abnormal  irritation  in  tlieie  regioni,  destruction  of  which  will  caiiiic  loss 
of  the  cm'sjinnditiy  funetiunc.  In  tliir  ricw-lioni  the  olfactory  center  appears 
to  bo  one  of  the  earliest  In  cnler  tiptjii  functional  activity.  It  degenerates  after 
destruction  of  tlie  olfactory  tract. 

The  sphere  for  bodily  sensattou.  psycho-esthetic  and  psycho-alf^ic  center , 
comprises  the  area  between  the  fossa  of  Sylvius  and  the  corpus  callosunt, 
including  the  central  convolutions,  the  foot  of  all  of  the  frontal  convolu-l 
tionfi.  the  paraecntral  lobulo.  and  the  gyrus  fomicatus.  especially  in  its 
middle  third.  The  superlicia.1  tactile  impressions  and  the  sen&ations  of 
movement  arc  impaired  after  destruction  of  the  central  convolutions, 
while  painful,  thermic,  and  pressure  sensations  are  prcser\'ed.  After 
destruction  of  the  fornicate  gyrus  and  the  hippocampal  gyrus,  tactile 
and  thermic  and  common  sensibility  are  partially  lost.  Destruction  of 
certain  regions  (marginal  gyrus)  cause  failure  to  recognize  objects  through 
the  sense  of  touch. 

On  electric  stimulation  in  a  trephined  human  being  sensorv'  impres- 
sions (creeping)  were  observed  in  peripheral  p&rtions  of  the  skm.  AH 
sensory  impulses  that  rise  from  the  posterior  spinal  rtxits  pass  throughi 
the  lateral  nucleus  of  the  optic  thalamus  and  from  here  Ihcy  reach  the 
centra!  convolutions,  whicn  therefore  are  connected  with  the  sensor>* 
nuclei  of  the  posterior  and  litteral  coluuuis  of  the  spinal  cord. 

Irritative  disonler*  of  sensibility  occur  in  coriMjquence  of  cortkitl  irritation, 
including:  hallucinations  of  tactile.  mol.or.  and  \'iscci<il  Rensalions.  the  sensation 
of  Itching. prickling, and buniing.  which  may  reacha  iiainful  At-^nv.aA  inepitcjitieil 
and  hysterics.     Some  cases  of  miKraine.  cspetially  llmse  associated  with  epilepsy, 
may  be  due  to  cortical  irritation. 
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In  cases  of  epilepsv  marked  excitation  of  the  sensorial  centers,  mani- 
fested by  excessive  subjective  impressions,  often  in  association  witli 
psychic  irritative  disorders,  for  example  the  appearance  of  definite 
thoughts,  has  been  obscr%'ed  as  an  irritative  aeconipanimcnt  of  the  con- 
vulsive seizure.  Such  excitation  may  appear  even  without  accompany- 
ing convulsions  as  so-called  sensory  epilepsy,  which  may  be  partial, 
that  is  unilateral  and  confined  to  individual  impressions,  in  the  latter 
event  without  loss  of  consciousness.  In  cases  of  congenital  inactivity 
of  a  psychosensorial  center  hallucinations  in  this  region  never  develop. 

EpiUplotd  kallHtiiattom  of  the  char.ictcr  "Ifscribt-d  occur  without  coovul- 
.tioiiK  but  luxompaiiiird  i>nly  by  1'ricf  dk-TaiiLicriiuiiL  of  cotiBdouaut-sa  (abinvnci;). 
Under  such  circumstances  amaurosis  hiis  alio  been  obiiTvccl.  KraduiiUj-  di.saiJttar- 
ing  later  and  ht^mg  rcplnccd  by  n  ccmcertric  corlnaction  of  the  w*ual  held,  Ucca- 
sioTially  onlv  the  psychic  cortical  centers  arc  alTecwd.  preepileptic  and  pAslciii- 
Itptic  insanity,  loss  ol  memory  for  cwtain  pcTiods  of  lime,  dLTanjreaieni  of  con- 
sciousness resniltirn!.  Ciiws  iin-  I'Stn'mi-lv  raiv  in  which  (.■|nlejn.y  occurs  with 
luGG  of  consciuusnesfl  but  without  convulsions,  and  so  also  arc  ca-srs  in  which  Ihc 
con\Tilaions  occur  without  derangement  of  consciousness. 

The  nerve-fibers  passing  from  the  sensorial  and  sensory  organs  to  the 
psychosensorial  cortical  centers  traverse  the  posterior  third  of  the  pos- 
terior limb  of  the  internal  capsule  (Fig.  aO^i).  Destruction  at  this  point 
causes,  therefore,  anesthesia  on  the  contralateral  half  of  the  body.  Only 
the  viscera  retain  their  sensibility.  Also  contralateral  joss  of  hearing, 
of  smell,  and  of  taste,  as  well  as  hcmiopia,  appear,  Whether  the  visceral 
sensations,  sensations  of  intenial  processes  associated  with  pleasure  or 
displeasure,  are  localised  in  the  cerebral  cortex  or  in  the  midbrain  is 
undetermined. 

PatholoipcaL — In  human  beings  with  mi)rc  or  less  ciitrjilctc  in;iiry  i>r  dcKi-inra- 
lionodhis  tract,  more  or  less  welbmarkcd  !osscf  the  pressure-sense  .itid  the  temper* 
atun-Kvnu:.  of  rutaiicouK  and  of  muM-ular  sensibility,  of  laste,  mucII.  and  hearing  ib 
ncconlinijly  found.  Thv  eye  is  rarely  entirely  blind,  but  visual  «cuity  l.t  jrreaily 
impaired,  the  visual  field  is  contracted  and  the  colorstnse  may  be  partially  or 
lotally  aljolittbcd  The  t-yc  upt-n  ihc  saini;  biJc  uuiy  suffer  aloiit  in  ksaer  dvgr^-c- 
In  addition  to  materia]  Itsion.i  o(  the  brain,  stiisorj'  anL-sthesia  is  observed  also 
UK  a  (unelionol  divordtr  in  association  with  hyrteria.  nctini.ws.  ami  piychou--j. 
With  reference  l»  ihe  nuitunl  relHlivns  of  the  individual  cnndiieimj;  pftlhs  within 
the  internal  ca^jsule  Redlieh  maintains  that  behind  tli«  pyramidal  tracts  there 
|»aMi  first  the  nbcn  (or  mnietilar  xense,  then  tlione  for  eutaiieuus  seiuibihiy. 
iiml  finally  the  visual  t'lbcrs. 

Cases  of  injury  in  the  anterior  frontal  region  without  motor  an  J  sen- 
sory disorders  have  been  collected  in  large  number  by  Charcot,  Pitres, 
Perricr,  and  others.  On  the  other  band,  enfeebleinent  of  intelligence 
and  idiocy  have  been  observed  in  connection  with  acquired  or  congenital 
deficiencies  of  the  frontal  region.  According  to  Flechsig,  there  is  no 
doubt,  in  accordance  with  clinical  observation,  that  the  frontal  lobe  and 
the  tem])oro-occipital  zone  bear  an  mtiinate  relation  to  mental  pntcesses, 
particularly  those  of  a  higher  order,  which  disappear  largely  in  the  old 
and  in  epileptics. 

The  anterif)r  portinns  f>f  the  lirst  and  second  frimlal  con  vol  m  ions,  portions 
of  tlic  third  and  of  the  gyru.i  rectus  in  the  frontal  lobe,  tlic  island  of  Reil,  the 
(inft  and  itecond  parietal  convi^luitomi,  the  second  and  third  temporal  c<jnv(/lu- 
tions,  the  uccipitoteoiporal  Kyrus,  and  the  precuneus  arc  osEodatioii-cimtcrs. 
They  connect  tli«  various  sense-sphere*  and  they  have  Uic  function  of  associating 
irritative  atate?  of  various  sen Bc-sphcros. 

Situation  of  the  Cerebral  Regioni  In  the  Skull. — ^In  order  to  indicate  the  posi- 
tion of  thu  principal    lissures  luid  cmeohitiDtis  in  the  uninjured  head    various 
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poantft  NusxeMrd  by  Brcca  bavt-  \Kxn  marked  in  Pis.  sAo,  which  shows  Uir  difTcmit 
parts  of  the  bniin  fwc"r<!in):  i"  A.  Eckvr.  K,  K,  K,  nn-  prnnts  in  the  corunat 
hutun.'  ihal  can  be  li-ll  thnmgh  the  scaI[k  K,  it.  pliwc"!,  i»  ordiT  to  axtiid  thv 
loiiKititilinal  wnu^,  13  iiitii  to  <?nv  m<3c  ut  thu  mvdiuii  line-.  K^  t»  the  puint  o( 
intersection  r>(  the  coronal  suture  and  the  tcmporftl  line.  At  K,  the  coronal 
KHturc  inteMrctB  the  upper  murpn  r.(  the-  gi-cflt  winR  <*f  the  sphetKiid  Unne.  U, 
and  L]  arc  situntoil  in  the  lanil)n'.iid  suture,  the  former  15  mm.  to  r>ne  ctde  of  Ihr 
highest  DoiiH,  ami  iht  lame  in  the  middle  of  the  inisterioi'  tiorder  o(  (he  |>arielal 
turnc.  M  rcirrpKjHmdn  !->  the  hiKlirU  imiiit  uf  the  itrch  iif  the  situiimmu  suture. 
If  horixontnl  lines  be  tlrawn  tiMcIcward  fnnti  the  pnints  K,  K.  K,.  the  central  lissurv 
C.  whiili  IS  a-.i  i iiii>oriiiin  in  loealizAtion.  is  situated,  in  the  adutt.  at  its  u)>i>n' 
extremity  ahtmi  45  mm.  aiiil  at  il*  hiwer  extremity  idiotit  jo  mm,  hrhind  the 
coronal  suture.  According  io  Merkd  the  lower  cxtrcmitir  is  almost  5  cm  vcni- 
tally  above  the  infchwr  maxillary  articulation.  The  liifurcation  ol  the  Uurgc 
fw»a  of  SylMu*  is  ^  or  ^  iiuii.  KthinJ  K,  or,  aeording  to  Merkel,  fn.mi  4  to  4,5  ctn- 
nVkjvc  the  middle  of  the  malar  arch.  Hr  anterior  branch  is  narallel  with  th* 
coronal  gitttirr,  and  its  pcnterinrbraneh  ^ADsea  thrmi^h  the  point  M  The  p»ri«t<»- 
occiniial  fissure  (pn)  is  situated  almost  exactly  in  the  lamixl'nd  suture  or,  meiui- 
un-fi  with  eompasa-ei,  t  rm  attovt-  the  external  (jeiT|>itaI  protuberance  The 
fnnilal  eminrt»ce  forms  ihe  liuundary  lit.'t"i«'n  The  first  ^unl  «-rnnd  lemixiral  con- 
volutions     The  parietal  eminence  covers  the  snorfimarKinal  gyrus. 

The  icrpuf  calli'siivi  L-onlaiiiH  comininsural  liliei-s  from  hotli  hemiMiihcm 
(ftceordiiiK  to  Mutt  and  Schiifer  between  the  twotoTticomotorrenlersl.  the  anifular] 
gjri  and  the  ■>cci(>ilal  and  temporal  lobes.  Division  of  this  structure  in  the  do*' 
e«uM.-8  no  fljipiveiable  disliirbance  In  «ceordn«cc  with  this  (act  alniiist  t»tal 
df«Tructior  nas  been  ol>5er\"ed  in  man  without  the  dcvolopment  of  Boteworlhy 
derangement  of  moiUity.  eourdination.  HiiKibiliiy.  n-ftex  at'tivity,  the  Kprrial 
aennes,  sj)«-ech,  "T  ciiiisidi-raliie  impainiwiit  of  iiitenijreni-e  The  poslrrior  portion 
of  the  anitrior  commissure  s>-rves  for  the  connection  of  the  two  Imf^al  rjtI 

THE    BASAL    GANGLIA    OF   THE    CEREBRUM.     THE    MIDBRAIN. 
FORCED    MOVEMENTS.     OTHER  CEREBRAL  FUNCTIONS. 

The  siriatf  body  and  the  lenfuular  ttiulctis  (Figs.  263,  »64)  have  no 
direct  connection  with  the  cercLral  cortex,  although  til>ers  i^ass  from 
thrir  connections  in  the  cerebral  petluncle  and  the  medulla  ntilntij^ata. 
Their  development  in  the  animnl  kingdom  keeps  pace  with  that  of  the 
cerebral  conex.  The  general  iTiiisculaT  contractions  on  the  opposite  side 
of  the  Iiotly  observed  on  electrical  slimulation  are  probably  due  to  acso- 
ciatcd  irritation  of  adjacent  cortico-niu3cular  tracts. 

GWky  oljserved  nn  nmvemcm  uo  irritation  of  tile  «triaie  iMxIy  in  the  rabbit. 
It,  then-fore,  appears  that  the  motor  tracts  in  this  animal  do  not  traverse  the 
portion  of  the  br&in  named,  but  pass  by  it. 

Destruction  of  the  lenlicular  nucleus  or  the  striate  btwly  gives  rise, 
aceoniiiig  10  earlier  stalcnicnts.  10  loss  of  voluntary  movements  on  the 
opposite  side  of  the  body,  with  or  without  preser^'alion  of  sensibility; 
although  under  such  circumstances  there  is  also  associated  injun-of  the 
(.•orlico-musctilar  tracts.  Recently,  after  injuries  transitory  weakness  of 
the  contralateral  extremities  (loss  of  niu.scular  sensej  has  l>een  obserced, 
with  increased  general  imtaliihty  and  fear,  as  well  as  rapid  (transitory) 
elevation  of  temperature.  Irritation  of  the  striate  body  is  unattended 
with  pain. 

Pathological.— I"  man  rvery  lesion  in  ihe  anterior  portion  of  the  striate  I>o«ly 
lhai  i>  not  too  sinnl!  cauws  c<mtridutrral  pHral>-si».  which  in  jicTmamrT  if  the 
internal  capside  is  afteeted.  but  which  may  sraduollv  disapjicnr  if  the  )enticul»r 
and  caudAlc  titiclei  are  afleclcd  Occasionilly  vasculAr  dilati»tio«  ^<curt  in  --on. 
K'ffuunce  of  vasomotiir  paralyws  if  the  posterior  portion  is  atfeeled.  am!  i~  ■        ' 

with  rvdnew  and  slight  elevation  of  temi>emtur*  tn  the  paralv^^'d  i- 
(at  Ifjust  for  a  time),  awellinc  (edema),  sweating,  altefations  in  puW  dMji(jii..i  mi  <ic 


AlactnmB 


V  sionally  also  impainnrDt  (if  wnsc-aclivitv  on  the  paralvicd  sirfc.  both  if  the  pn*- 

■  terior  wKincm   of  ihr   ini(.Tnal  cfijinili-'iA  a/li-cU-d.     diiiiTaUy  hemiplegia  and 

■  hcmjunt'sthrsia  rxiit  togt-ther 


KnfudiW  iirwilU. 


P«n   ifit.-Ccrcbniin  ul  Maa-    lin  ttu-  ndii  Ok  hemhtbett  a  Tcmovcil  in  •  brctMnul  miiin.    4.  TmcUur 


The  o/i/i'c  (ird/aiiriis    is    connected    with  all    of    the  sense-centers. 
As  it  is  connected  with  the  cerebral  cortex  by  fibers,  principally  as  a 
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partial  origin  of  the  optic  nerve,  it  probably  bears  some  relation  to  the 
sensation  of  vision.  In  man  injur)'  of  the  posterior  third  may  give  rise 
to  visual  disturbances.  Removal  of  the  optic  thalamus  or  destruction 
of  the  parts  in  the  neighborhood  of  the  inspiratory-  center  in  the  wall  of 
the  third  ventricle  impairs  cxi&rdinated  movement  in  rabbits.  Also  in 
man,  contralateral  disorders  of  coordination,  choreiform  fwitchings  or 
ataxia  have  been  observed  to  follow  degeneration  of  the  optic  thalamus. 
Destruction  of  the  optic  thalamus  gives  rise  in  man  to  loss  of  mimetic 
expression  on  the  opposite  side  of  the  face  in  response  to  cmotionaJ 
influences,  although  the  muscles  can  be  moved  voluntarily. 

Bechtcrew  concludes  as  8  result  of  experiments  an(5  of  pathotosical  obser^'a- 
tions  that  the  vyXic  thiiUnii  i>lii>  un  imporUint  part  with  respect  to  Uie  expression 
of  varied  perceptions,  scn&ntioas,  and  emotional  actix'itivs.  They  arc  luntor 
center*  through  the  inUnucdiotion  of  whicli  principally  the  congenilal  movements 
of  txprt'Siioo  (such  as  laughing  or  crj-in^)  are  executed,  and  which  are  cxcitoj 
unric-r  the  influence  of  involuntary  ptyehical  impulses,  such  as  crantiong,  or  Uiey 
can  be  stini\iUl«d  rellexlv  thnnign  tfictilc  slimulfLtion  and  irritation  of  oifaer 
sensor}'  organs.  The  thalamus  and  the  anterior  quadrigtminate  Iwxiy  contain 
thr  cfnters  (or  coanpiex  rt-rtexes.  Both  rec*ive  connectimiK  frmn  the  pOGterior 
n«rvc.rtioU  of  iht-  s;'in<il  c"iti  itnd  from  ihe  scnsor\'  cerebral  nerves,  and  the 
thalamus,  in  addition,  from  the  olfactory  and  optic  tracts.  The  anterior  ciuadri- 
geminatt:  txxly  coutaius  a  conunon  optico-auditory  reflex  path.  The  ontic  thal- 
amus contains  also  the  rcHcx  center  for  the  vccretion  of  tears  and  from  tnis  ^lua- 
tion  the  sensory  irritation  is  conveyed  to  the  path  for  the  secretory  branches  of 
the  trigeminus  and  the  facial,  as  well  as  of  the  svnipAthetic. 

After  injun,'  of  one  thalamus  paresis  f>r  paialysis  of  the  contralateral  muscW, 
together  with  circular  movomentfi.  havt*  been  reported  in  some  caws,  and  cnntm* 
lateral  hemianesthesia  uith  or  »viihout  invcilvwncnt  of  the  motor  sphere  in  oih«r 
cases,  ribcrs  pass  from  the  thitUnius  to  the  cortex  of  all  of  the  oerebraJ  lol«rs. 
also  to  the  cornu  Aminonis  and  the  tegmentum  of  the  cerebral  peduncle. 
Extiipution  of  certain  ]>ortions  of  the  cercbrnl  cortex  in  the  rabbit  is  followed  by 
atrophy  of  certain  port;oiia  of  the  tlialaiiiua.  Tl)c  relations  of  the  tnitJc  thalamus 
to  reflex  inhibition  are  discussed  on  page  731,  to  the  tnovcinents  of  th«  stomach 
on  page  388,  to  those  of  theintexUncson  pagc79>.  The  heal -center  supposed  to  be 
situated  in  the  thalamus  is  described  on  page  395. 

Injtiry  of  the  cerebral  peduncles  gives  rise,  first  of  all,  to  severe  pains 
and  spasms  on  the  opposite  side  of  the  body,  where  the  salivarj'  glands 
secrete.  These  irritative  phenomena  are  followed,  as  paralytic  symp- 
toms, in  man  by  contralateral  anesthesia  and  loss  of  volimtar>'  control 
of  the  muscles  as  well  as  paralysis  of  the  vasomotors.  In  case  of  lesions 
of  the  peduncles  in  man  the  oculomotor  nerve  should  be  obsen.*ed,  as  it 
is  often  paralyzed  on  the  same  side. 

The  middle  third  of  the  cerebral  peduncle  comprises  the  well-known  conduct- 
ing paili  iif  the  pyrjimidiil  tracts.  The  liber*  of  the  inner  third  emmeet  the  frontal 
lobe  through  the  Buperinr  cxrebeilar  pcdvincU:  with  the  crrelxllum.  The  outer 
third  conlain-i  fibers  that  connect  the  pnns  wHth  the  temporal  and  occipital  lobes 
of  the  cerebrum.  The  Itltci's  passing  from  tlic  tegmentum  into  the  corona  radtata 
sc^^■e  for  sensor)"  conduction. 

According  to  Goltz  section  of  the  cerebral  peduncle  in  the  dog  is  followed 
by  a  tendency  to  fall  to  the  same  side;  the  movements  of  the  com tra lateral  ex- 
tremities appear  larger  and  cutaneous  sensibihty  is  impaired  on  the  «nttr«  cOntrft- 
latentl  ^de.  Thr  animal  sees  especially  only  objecis  that  makv  itn  imprvssiua 
upon  the  right  half  of  each  ri-linri.  Therefore,  each  podiincle.  occot^ing  to  Golta, 
contains  motor  and  senson.-  lil>ers  for  the  entire  body. 

Irritation  or  section  of  the  pons  gives  rise  to  pain  and  spasm.  Alter 
section  of  the  contained  conducting  fibers — sensory,  motor.andvasomolor 
— paralyses  appear,  together  with  forced  movements.    An  explanation  is 
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dtiag  a«  to  the  significance  of  the  g.ingli,i  present  in  the  pons.  For 
diapiOStic  purposes  in  man  attention  shnuhl  he  directed  to  the  presence 
of  possible  alternate  hemipiegia, 

The  quadrigeminate  bodies  or  the  midbrain.  Destruction  of  the  quad- 
rigeminate  bodies  on  one  side  in  mammals,  or  of  the  optic  lobe  in  birds, 
amphibia,  and  fish,  is  fallowed  by  blindness,  which  may  be  situated  upon 
the  same  or  upon  the  opposite  side  in  accordance  with  the  conditions  of 
decussation  in  the  optic  chiasm.  Total  destruction  of  the  bodies  on  both 
sides  causes  blindness  in  both  eyes.  As  a  result  the  reflex  between  irri- 
tation of  the  retina  and  the  oculomotor  nerve  is  abolitthed,  that  is.  the 
pupils  no  longer  contract  after  illumination  of  the  retina.  If  the  cere- 
bral hemispheres  alone  are  rcnioved,  the  pupils  still  contract  on  light- 
stimulation,  as  well  as  aft«r  mechanical  irritation  of  the  optic  nerve. 
Extirpation  of  the  eye- 
ball is  followed  by 
atrophy  of  the  contra- 
lateral anterior  quad- 
rigcminatc  body. 

Accordine  to  B«h- 
tcrew  llie  fiocre  of  one 
oiiiic  tract  paiM  Lhrou)ih 
tfic  brochium  conjunct! - 
vum  ontcrius  (Pie.  341] 
into  tha  external  per- 
iphery of  the  Anterior 
duajlrif>ominat«  body. 
The  fibers  that  deemsate 
in  tlic  cliiaKm  (Kig.  340) 
pass  into  the  posterior 
quadrigeminate  body.  In 
accordance  with  this  dix- 
tribution  arc  the  symp- 
toma  of  partial  blindoesa 
aftur  dvstruction  of  aa 
anteriororpojteriorquad- 
rigeminatc  Dody.  Pibfrj 
pass  onward  to' I  he  cortex 
in  the  internet  p«riptier>' 
of  the  anterior  quadngcin- 
in  ate  l>ody. 

In  animals  deafness 
has  been  observed  to 
develop  after  deKtruc- 
tion   of    the    posterior 

quadrigeminate  body.  Animals  exhibit  under  such  conditions  diffi- 
culty in  phonation  even  to  the  point  of  loss.  In  man  a  paralyzing 
lesion  of  the  tegmentum  or  of  the  internal  capsule  is  present  m  all 
cases  of  midbrain  deafness.  Destruction  of  the  quadrigeminate  bodies 
is  followed  further  by  disturbance  in  the  perfect  harmony  of  movement; 
disorders  of  equilibration  and  incoordination  of  movement  also  occur. 

Tile  cochletir  iierve  undcrK^'v^  parlia]  dccuKialiva  Ui  the  posterior  ((uadji- 
gcminate  bodv  and  in  the  ppiu.  The  qua^bixi-jTiiriatc  bodies  react  to  electrical, 
chemical,  and  mccliaiiiciil  stimalntion,  Thp  n-porW  are  contradictftry,  however, 
as  to  the  reaulla  of  irritation.  Accorditift  to  «ome  obiervers  dilaiaiion  of  the  pupil 
on  the  vaiiie  )ti<1e  Laken  place ;  ucconlinfi  to  Fertier  the  contralateral  pupil  ditaies 
*first  anil  later  also  the  pupil  on  the  same  side.     The  irritiititm  extciiiU  from  the 
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tluailriKfininatc  botlit-s  to  the  mrdulla  otiloRKaui  and  further  vn  to  the  ari|Eiii 
o(  the  fYm()ath<'tic.  f"r  attcr  *ccliwn  of  the  cervical  Kymijalhctic  the  dilalali'-ri 
no  lotigcr  lnk(-#  place-  Ac(-"r>1ing  to  Knoll  con  traction  of  the  mipi).  «iith  ii*  wa« 
observed  by  earlior  invegtignlnrs,  takes  plmv  imly  whon  Ihc  nifjaoitil  ■  i 
tract  i«  initat^d  In  addition,  imtaiion  of  the  right  anlc-rior  iiuii.' 
iKrtly  t\-iuw-«  nilalian  of  tmlh  tVfS  to  iht-  left,  and  cMivi-rwrly.  Jl  Ih.  ..i.>...u.a 
Ik-  cont-iniud  (hi  hi.id  ais'i  is  nuiitt-tl  inward  thr  BBim-  side  VrTtic;il  •rt'iiiOT  o( 
the  )|uadris<~iiiinaic  b(xhi.':i  in  ihi.-  median  hne  Is  fnllouxd.  on  iinilatcrdl  imtalion. 
by  thin  rvsiill  <m\y  tifKin  the  mnu-  sidi-.  Perriir  ifbttrrvt-d,  further,  »gns  of  paiii 
on  imuiticin  t>f  the  qii-idri^minatc  Imdit^  in  miimniAls  Diinilcwsky,  Fcrrier, 
and  LutidL-r  Brunton  ubMrvvd.  hnitlly.  incivasc  in  l)lood-pn:»stin;  itad  slowing  of 
lilt,-  h<:urt-bcut,  t'jfftthtr  with  dccjj  rvBjiirnti'wiii, 

BrcIiU-rcM  atinl.uir*  .il!  of  thi-  iiht-notnon*  that  occur  nfti-r  iniurv*  or  irritation 
of  thf   iiiftdrigrminntc   hrirfii-s.   cxcrpt   thrneo   r<-f<'Falvio  to  viiiii«  it«i:'lf,   to  li-sions 
nf  more  doejily  situated  j-iirts.     Therrffirc,  accirding  t*i  him.  the  qiuidr-"  -wv  >'r^ 
hortifi  thcmteivfs  eomain  ndihcr  the  ei-nii>r  (or  ih«  movemt-nis  of  thi 
thjit  {••r  the  combint^i  move tni-nl t  nf  Iht-  ews.  nur  dn  they  contain  th;i'  - 

tAininK  the  i:<|uilibrium  if  the  U^W.  Irritntion  nf  the  (luadrizcminntc  budy  caiisrs 
the  animals  to  start  hack  niarkvdly  as  n  reflex  phenomenon.  Nystaf^ns.  forced 
movt-mcnls,  and  unci-rljiinty  in  ^valkini:  vccTur  also  only  in  assodatiou  with 
injuries  <?i  mor«  dt-ciily  siiiiatcd  partR 

Ptihological.-  -lA'siotis  of  the  iintrrior  quftdnjjfminntc  bodies  in  nnftr  .  .  , 

in  aL-O'-'nt-iiici'  A'ilhtbeTre.ili.'iil.  t'l  visMiil  dUttirl-.inci-s,  immobility  of  tli<  I 

wen  blindnci;*.  In  addition  nrofiiund  injur}'  may  be  attended  with  ;.;....i..  ...  -i 
thi-  ocnlonidliir  nerves  nn  tHMn  sides,  in  ecHiM-iiuenee  rif  which  the  alTei^ted  oculttr 
muscles  am-  not  involved  with  cntia*  s>Tninetry  and  not  in  equal  di-jTr*"*"-  An  un- 
certain staggering  fait,  especially  if  it  appears  as  the  first  syniploot.  is  Ukcwiiie 
chamctfrisiic. 

Destruction  of  the  posirrior  commissure  in  rabltits  h.v.  the  same  effect  as 
aeclion  of  lioth  oculomotor  nerves;  a  lesion  causes  only  diminution  in  the  irriia- 
l>ilily  u(  thcat:  Uvtvus  All  incomplete  asyinmctricRl  fesion  etf«u<es  aaymnH-trical 
diminutit-n  m  the  irritiibllity  uf  the  tw'ti  nerves,  the  nerve  u(«/n  tlw;  siJe  of  the 
Icsi'in  bniie  Ip«;  irTitnbl(^  than  that  upon  the  optifisite  side 

Forced  HovemeDtg. — The  significAiice  of  the  midbraiD  in  relatioo  to 
the  harmonious  execution  of  movements  makes  it  dear  that  unilateral 
injuries  of  such  parts  as  are  connected  with  il  by  means  of  conduclinji 
fibers  cause  peculiar  unilateral  disturbances  of  equilibrium  and  devia- 
tions from  the  symmetrical  movements  of  both  sides  of  the  body  that 
have  been  designated  fprted  mcKicmfnls.  In  this  categor>-  belong  the 
iircuiiir  mavemenl  (mouvement  de  man<^gc).  in  which  the  animal,  with 
the  intention  of  running  onwurd,  moves  constantly  in  u  circle:  the  ifiJcx- 
movemetit.  in  which  the  fore  jwirt  of  the  body  is  moved  about  the  station- 
ary' posterior  pan,  like  an  indicntor  about  its  axis;  the  roUittg  tiuy.\'nt4riii. 
bv  means  of  which  the  body  is  revolved  about  its  longitudinal  axis.  All 
oi  these  fonns  of  movement  may  pass  into  one  another,  and  they  rep- 
resent only  gradual  variations  in  the  same  disorder.  The  parts  mjur>' 
of  which  causes  these  forced  movements  are  the  striate  body,  the  optic 
thalamus,  the  cerebral  peduncle,  the  pons,  the  middle  cerelw-llar  pedun- 
cle, certain  portions  of  the  medulla;  and  even  aftcrinjur>'of  the  surfac 
of  the  cerebrum  Eulenburg  and  Landois  observed  index-movements  ii 
rabbits,  and  Bechterew  in  dogs.  Also  in  man  forced  movements  have  been 
observed,  especially  in  association  with  lesions  of  the  panetal  con\olu- 
lions.  Forced  movements,  together  with  nystagmus  and  rotation  of  the 
eyes,  are  caused  also  by  injury-  to  the  olive. 

On  pathological  drf;t'neration  of  one  olive  of  th«  tm-^ulla  oblongrtia  pmouncvj 
rotator\*  nKivcments  toward  thr  same  side  have  hc«i  ohwrvwl  ia  man 

StatctriMit*  differ  a«  to  thi-  directiMi  and  the  chaiscler  nf  the  movenw-m 
after  the  individual  injuries      Thf  foUovrmg  obstrvutioo*  haw  Itwn  madr 
tion  of  th«  anterior  portion  of  the  pons  and  the  c«rl»cllar  pecluncks  catues 


fORCEO    MOVBMKMS. 


807 


jndcx-iitovcniciHandmllingnjm'emcntsliiwnwIihoopp'wiio  (porclic?)  <!idc:  section 
of  ilie  j>o4tLTi«r  portion  <>(  iht-  sami-  ivgiinii  can*-*  RJllinj;  mowiTifiHi  triW!ir<l  the 
satiw  (]ian"tic^)  iinU',  -a  tl-ics  iilsii  iIpcjut  jium'tHn.'  <if  (hi-  auditiwy  lulvrck-  <v  the 
rcstifwmi  IxKly.  Incision  of  one  ci-rchral  peduncU'  caiiws  dnuliir  muvtmont, 
with  the  convexity  directed  toward  the  same  side.  The  closer  the  indsiixi  is 
xiluatvd  to  Ihc  pons  ihc  narrowi-r  becornc*  thi*  circh-  of  movrnicnl.  Finally, 
iinlc»-in(ivcTncnt  occurs,     [iijtiry  of  cmc  (j|)lic  thalamus  ca»w-i  much   thr  n^irrn 

fihcnoiiwnB  ii»  puneluri:of  ihc  antcnor  portion  of  the  ccrclTsI  peduncle.  Ix-cnu.sc  the 
attiT  is  injured  ul  iht-  ^amt  time.  Injury  '^f  tin-  antcri'-r  p"rlion  of  one  optic 
thaUinu.-'  ijivi-*  rist  to  (urttd  tnovcmnil  in  the  ijj'iH'Mte  <lir(.'tli"ii,  thai  is  with  tht 
concavity  directed  toward  the  snio  of  thi-  injur\-  Pt(-xifm  of  head  and  vertebral 
<ohimn.  V.-ith  I  ho  convesiiy  toward  the  affccteii^  side,  tiigeth^-r  with  nmiltir  mmv- 
ment,  is  caused  1>y  injurv  of  the  sitlnal  exireiniiy  of  the  medulla:  the  convexity  is 
directed  louanl  the  uiuitli-cted  side  as  a  result  of  injury  to  the  anloriur  eJttreniily 
of  the  ralamus  and  atwvc 

Rotation  (strahisnius)  and  involuncar>'  oscillation  (nystagmus)  of  thi-  eyes 
may  be  inclmlrd  amonf;  forrcil  movements.  Nymagmu.i  occurs  ba  a  resiiU  of 
uniliilcriil  5H|icrl'ictnl  lesions  of  the  ivsiidirm  Ixtdy.  :%»  well  as  o(  tHi-  lloor  of  the 
fourth  ventricle,  and  as  a  result  of  trhtatton  of  the  cerebellum.  Unilateral,  deep, 
transverse  injjjries  frorn  the  ap«)t  of  the  calamuD  downwanl  t^  the  auditorv 
tubercle  cau*e  stt^^hI*mus  of  the  eve  of  the  uime  lidc  downward  and  fom-ard. 
and  of  Che  ripposiUr  vve  tiittclcwani  and  iipwar<1.  Bii:iteral  mjurien  cause  thiit 
stmhistnits  to  disappear  It  is.  therefnTc,  to  he  inferred  that  the  medulla  iil>- 
loneata  contains  a  mechanism  controlling  the  ocular  movements,  which  can 
be  irritated  an  a  rK»ult  of  sudden  anenuM  ('lijiattire  of  the  ivreliral  arteries  in  the 
rabbit). 

In  explanation  of  the  forced  movements  it  has  been  in  part  assumed  that  they 
are  due  to  unilateral  incomplete  uaralyHis.  si>  thai  the  animal,  on  aticmppnK  to 
movi;  about,  drags  the  paretic  si<le  somewhat  (as,  for  example,  in  the  circular 
movt-ment  on  the  side  of  the  body  directed  toward  the  eerter  of  the  dfcle],  and 
therefore  the  sj-mmetn,'  of  movement  is  kisi  Others  have  attempted,  in  direct 
oppofiition  to  this  view'.  10  eMabtiith  an  irritation  thruu^th  the  act  of  injur}-  as  the 
caiiKe  of  an  excrBsive  aetixTly  tipon  one  side  of  the  bt«ly.  LandoK,  an  a  ri'sult 
of  his  own  observations,  ranged  himself  on  the  side  o[  those  investigators  who 
consitler  vertiuinous  M^iisutiunH  induced  bv  the  injury  ajt  the  cau.tf.  ofihe  move- 
ments. He  ohservvd.al  times,  thaiimnu-diatcly  after  the  injury  (Btilet-punctun-). 
the  movement  took  place  in  a  direction  oppijsitc  to  that  appearing  somewhat 
later.  He  considered  ihitt  phenomenot)  aa  the  eiTecl  of  the  irrilation  and  paraly- 
sis induced  in  quick  iucccs.ijon  by  the  injury.  The  latter,  by  irritatini;orpunilytii)f; 
the  apparatus  controllinR  k«:omotor  scnsaiionsi,  may  pve  riiic  ton  false  impre<«ion 
as  if  the  body  of  the  anima!  or  nlsn  the  objects  of  the  external  world  moved  in 
a  definite  direction,  Aa  a  result  of  this  motor  deception  the  movemunis  described 
are  executed  as  a  reaction,  with  the  intention  of  com-etinK  the  abnormal  liiiiiioiia 
movemetits  by  means  of  sntlabU-  cmuUer-niovementfc  The  circular  mm-ementR 
after  injury  of  the  '"|Hic  thalamns  may  be  induced  by  apparent  movMiwnl  in 
consequence  of  injury  to  the  optic  tierve. 

In  thi.t  ci/nnectii'n  it  may  I»e  nn-nti<mr<l  that  injury  of  u  prrini  n«>l  far  friiin 
the  posterior  extremity  of  the  cenbral  hemisphere  causes  after  the  lapse  of  some 
time  mark**!  foriiard  or  lateral  movt-nient-si,  lik-ewi»e  pruhably  as  thi-  result  of  a 
false  motor  impreiation.  The  unrestrained  ninning  movement  after  injury  of  an 
a«'a  in  the  middle  of  the  striate  body  ne;ir  the  free  margin  directed  toward  the 
ventricle  is  probablv  to  he  explained  in  the  same  wivy  At  Hrst  the  ,-ininuil  re- 
mains i|uiel  If  driven,  however,  it  runs  furiously  until  restrained  by  some  "b- 
Mruction  Laiidois  has  made  the  obnervation  ih.it  every  manipulatiijn  of  the 
central  or^iins  that  aiTects  the  ef(uilibrium  in  considerable  di'Krix'  ts  nllcndcd 
with  marked  inereo.'K  and  dcrpeninK  oj  the  respirations 
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t  Injuries  of  llie  ccreUclImn  rausc  in  niarkcU  decree  disturbances  in 
the  harmony  o(  the  innvcments  of  the  body.  Probably  the  cerebellum 
represents  a  central  oi^an  for  the  more  dciicate  gradation  and  the  nor- 
mal sequence  of  movements,  inasmuch  as  it  regulates  especially  con- 
tinuous and  tonic  muscular  contractions.     Thomas  designates  it  .1  reflex 
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center  for  maintaining  the  equilibrium.  Its  connections  with  all  of  tbe 
ganglionic  masses  of  the  central  organs  render  the  cerebeUum  adapted  to 
this  purpose. 

Througli  the  lateral  ccrclidUr  trncts  stimuli  arc  c'in^'*>'wl  tn  the  cerebellum 
4nd  llie-w  mrve  a ^  guides  to  the  prtgition  of  the  trunk.  Conntcii.-.ns  of  llic  vestibu- 
lar nerve  with  ihf  cercbcltura  have  a  similar  effect  with  respect  to  the  equilibriutn. 
The  fCTvlii'lhmi  miiy  inlhiMK-r  the  motor  nerve«  of  the  ti-pinal  cord  through  fil>rrs 
that  pass  duwnn-ard  througli  the  rcstifonn  liody  into  tho  lateral  tract  of  tbe 
spinal  cord.     The  cerebellum  itself  is  tascosilt%'c  to  iojurics. 

The  experiments  of  Luciani  upon  the  functions  of  the  cerebellum 
prove  that  each  portion  of  this  structure  has  the  same  functioa  as  the 
whole.  The  functions  are  threefold:  i.  The  cerebelliun  provides  volun- 
tary movements  with  sutVicient  strength,  a.  It  increases  the  tone  of  the 
muscles  during  rest.  3.  It  accelerates  the  rhythm  of  the  mdividual 
motor  impulses  that  constitute  the  movements  aiid  it  fuses  the  impuliies 
into  a  continuous  act,  4.  Russell  has  found,  after  extirpation  of  the 
cerebellum,  incoordination  of  movement,  rigidity  of  the  muscles.  aLnd 
motor  weakness  as  characteristic  symptoms. 

After  almost  cornplote  removMl  of  the  crrchellum  »Jo(^  exhibit  pare«tt  and 
deficient  tone  espcdaU>'  in  the  mu&ctcs  of  the  vert«bral  column  and  the  hind  legs 
The  animal  is  able  nntlicr  to  stand  nor  to  walk  and  the  head  oscillates  to  and  (ro. 
Immediately  nfter  the  i>i«-riitinii  there  appear  as  irritaiive  phrouniciia :  tonic 
spasm  of  the  muscles  of  the  nape  of  the  neck,  the  bock,  and  the  forelegs,  COQ- 
vergenci!  of  the  eytii,  i>c^ai>ionall>'  falling  for^vard  of  the  body.  Intelligence  and 
wnte-iinpre.iMoiis,  including  tlie  musde -swiHe,  rcToain  iTiiact. 

Median  division  o(  the  cerebellum  without  extirpation  cauMS  permanent 
enf«eblciQent  of  all  voluntfir\'  movements,  dimimition  of  thp  muscular  tone  present 
during  rest,  as  well  as  tremor,  discontinuous  muscular  contractions,  incoordination 
and  uncertainly  in  voluntary  movemeiits.  Extirpation  of  the  vemiii;  catises.  as 
irritative  phenomena,  tonic  contraction  of  the  muscles  of  tbe  nape  of  the  neck 
anil  of  the  forelegs,  which  at  times  is  followed  by  paresis  cspectally  of  the  hind 
legs.  Complete  removal  of  one-half  of  the  cerebellum  is  followed,  as  irritative 
phenomena,  by  rolling  movement  .ibnut  the  lontntudinal  axis,  as  well  a*  rotation 
of  the  eyes  toward  the  unalTcctcd  side,  curvature  of  the  vertebral  column  toward 
the  side  oueraled  on  Emd  tonic  e.xtensor  spaam  of  the  foreleg  aad  less  cooainonty 
of  the  hind  leg  upon  the  umc  aide.  ThcM  are  foUo^^-ed,  a*  paralytic  phenocnena, 
by  relaxation  of  the  muscles  of  the  same  Kidc  (atony),  a  somewhat  Im  rnergeiie 
eontnetion  (asthenia)  and  a  want  of  fusion  of  tho  compoate  tnovcmenta.  so  that 
tremor,  swaying  and  rhythmic  oscillations  (astasia)  restill.  Supcriieial  injury  or 
partial  removal  of  one  hirmisjihir*-  is  iienlraliiM;d  by  the  a*4uini>tion  of  its  funclioa 
by  the  intact  portions  of  the  ccrcbelhim  .\nimals  dcprive<l  of  their  equilibrium 
alter  exlirpation  of  the  cerebellum  can  regain  it  thicmgh  the  motor  impubra 
gradually  sent  from  the  motor  cortical  ctntcis  of  the  cerebrum  in  standing,  walk- 
ing, and  swimming, 

Luciani  observed,  eventually,  in  animate  after  extirpation  o(  the  ccrebclluni, 
genl^ral  marasnaus,  and  he  believed,  therefore,  that  the  organ  exercises  a  trophic 
function.  In  .iccordance  wth  this  view,  Friedchcrg  obscrv-ed  loss  of  weight  after 
disease  of  the  ccrn-belliuii 

Extirpation  of  thir  cerebellum  is  followed  by  secondare'  degeneration  of  the 
portion  of  the  pons  surrounding  the  jj-'^'famids.  of  the  inferior  olivary  bodies,  all 
of  the  ccrehellar  t»-ilimcIi-«  ami  the  direct  cercbrllar  bundle  of  Plcchsig,  principally 
on  the  saiitc  side,  in  U-^sct  dce^ice  on  the  opposite  side.  Degeneration  takes  place, 
al.io,  ill  .lome  fibers  within  all  of  the  cerebral  nervus  and  the  anterior  roots  of  the 
spinal  nerves. 

In  froge  an  important  organ  for  locomotion  is  situated  at  the  junction  of  the 
medulla  With  the  c«r«bcllum.  .Xfter  its  n-moval  the  animal  is  no  longer  able  to 
hop  about  or  to  creep  in  a  coordinate  manner. 

Pathological.  -Asvmmrtncal  or  unilateral  lesions  of  the  cerebellum  cause  in 
man  a  tendency  to  fall  towanl  the  side  nf  the  inJTiry,  while  bilateral  iniurirs  cause 
a  tendency  to  fall  backward.  If  the  middle  lobe  is  affected  disonlers  of  coardi> 
nation  occur,  particularly  a  stumbling,  staggering  gait  and  marked  vertigo,  m 
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weU  OS  atony,  airthenia.  and  ataxia.  Trritative  dl»eaw  ot  Che  mtdille  ecwhellar 
pcdundp  C1UI8CS  complete  rotation  of  the  bodj-  about  its  axis,  with  rotation  of 
the  eyes  and  the  head  in  th«  eante  direction. 

I(  an  electrical  current  \x  passed  through  the  head  of  a  man,  the  t-lectrcdM 
heinjj  placed  in  the  ma.'iUjid  fusnu;  behind  each  cJir.  and  in  such  a  manner  that  the 
positive  pole  is  applied  upon  the  right  and  the  negative  pole  upon  the  left,  a 
marktd  iDcling  of  vtriigo  occurs  on  closure,  and  thu  head  and  body  fall  toward 
the  positive  pole,  while  the  objctrLs  of  the  outi'r  world  appear  to  move  toward 
the  left-  If  during  the  passage  of  the  current  the  cy»  arc  gloscd.  the  appar«nt 
movdmont  ia  transk-rred  to  the  individual  himself,  who  then  has  a  feetm;  of 
rotation  toward  the  left  At  the  moment  when  the  head  falls  t^>waj-(I  the  anode, 
the  tiyen  also  arc  rotated  in  the  tame  ilirecttoTi  and  frenuently  <-.xhil>it  nyKtagmus. 
The  electrical  current  under  sucli  rircuinstancvs  pniiahly  eserts  an  irritative 
eifeel  upon  the  nen-es  of  the  ampulla-,  disorders  of  which  c.nLse  vertigo. 

PROTECTIVE  AND  NOTRITIVE  APPARATUS  OF  THE  BRAIN. 

The  crrfbral  dura  mater  iif  intimately  united  with  the  periosteum  of  the  cranial 
ca\-ity.  Tbtt  Sfinal  dura  maur  forms  about  the  spinal  cord  a  freely  sitspmded 
long  sac  attached  only  on  its  anterior  aspect.  The  dura  nmter  is  a  Iibrous  mem- 
brane consisting  of  firm  bands  of  connective  tisdue.  !nter.vo\'en  with  a  large  num- 
lM?r  of  claiitic  fibers  and  provided  with  flat  eonnnrLive-liwue  cells  and  Waldfyer's 
ilasma-cells.  The  smooth  inner  surface  is  lined  hy  giinam<nis  endothelium. 
lood-vcsKls  are  present  only  in  luodcraie  number,  though  in  sonitwhat  greater 
abundance  in  the  outer  lawrs,  while  hiiiphatica  arc  numerous.  Nerves  iWlh 
-unknoiivi)  terminations  (Pacinian  bodica  have  been  found  on  the  petrous  bone] 
endow-  the  dura  with  great  Bcnaitivcnvc«  to  painful  imprcssiona  (also  in  tb«  dog, 
but  not  in  the  rabbit). 

Betmen  the  dura  and  the  arachnoid  is  situated  tlie  lymphatic  subdural  spaet. 
The  pia  mater  and  the  arachnoid  united  to  it  hy  means  of  a  reticular  networle 
really  form  a  common  membrane,  which  cannot  l>e  separated.  Between  tho 
two  layent,  as  if  enclosed  in  dropsical  connective  tissue,  cerebrospinal  lymnh 
is  present  in  a  space,  the  tubatacktioiiS  upact.  which  is  Hncd  by  endothelium-  'Fnc 
external  limiting  layer  of  this  stratum,  correctly  designated  also  aracbnoid  in 
tite  strict  senile,  is  thin,  poor  in  vessels,  without  nerves  and  lined  on  l)nth  aurfaoes 
by  squamous  endothelium.  It  is.  however,  icparuted  fn^m  the  piu  only  o^tn"  the 
spinal  GDtd,  bo  that  between  the  two  lies  tsc  lymphatic  subarachnoid  space. 
Over  the  brain  the  two  are  in  largi-  lueasurv  united,  except  where  they  form  bridges 
over  the  sulci.  Over  these  the  arachnoid  merely  passes,  while  the  pia  penetrates 
into  the  depth.  The  cerebral  vc^iitricles  cmnmunieate  freeh-  with  the  lymphatic 
Eubarachnnid  space,  but  not  with  the  subdural  epac«.  Tlie  subdural  and  sub- 
araclmcnd  spaces  do  cot  communicate  with  each  other.  The  pia.  made  up  of  deli- 
cate bundles  of  connective  tissue,  without  elastic  fibers,  exceedingly  rich  in 
blood-vcxscis  and  lymphatics,  conveys  nerves  in  association  witli  the  vessels 
into  the  structure  of  tlic  central  organs. 

The  lymphatics  of  the  brain .  apart  fruni  those  accompanying  the  vcBsels,  consist 
of  spaces  surrouiidinK  the  ^'uiiKlia  undof  the  i;ha-ccU>  ot  the  cortex  with  tbeir  pro- 
cesses. They  all  empty  hnallv  into  the  subarachnoid  space.  The  cerebrospinal 
fluid  is  described  on  p.  j6;.  ^o  l^chionian  granulations  are  connective -tissue 
villi  that  serve  for  the  flow  of  tymph  from  the  subdural  and  subarachnoid  spaces 
into  the  sinuses  of  the  dura  mater,  particularly  the  superior  longitudinal  sinus. 
into  which  they  project.  The  subararhnoid  space  communicates  also  with  the 
spongy  cavities  ot  the  cranial  bones  and  with  the  veins  of  the  surface  of  the  skull 
and  o(  the  face.  The  subdural  apace  communicates,  further,  with  lymphatic 
spaces  of  the  dura,  and  the  latter  communicate  directly  with  the  veins  of  the 
dura.  I'hc  two  lymphatic  intermcningcol  spaces  communicate  also  with  the 
Ivuiphatics  of  tho  nasal  raucous  membrane,  'I'hc  space  external  to  the  Spinal 
dura  {fpidHrat  spare)  may  also  he  considered  as  a  htnphatic  space.  From 
it  tho  pleural  and  peritoneal  cavities  may  be  readily  kiled.  It  does  not,  however, 
communicate  with  the  cranial  cavity.'  The  venmis  plejtnscs,  which  [lerhaps 
secrete  the  cerebrospinal  fluid,  consist  of  convolutions  of  vessels  surrounded  bv 
undeveloped  connective  tiitmie.  The  tels  choroide^  in  the  newborn  are  still 
provided  with  ciliated  epithelium. 

The  pulsations  of  the  large  blood-vessels  at  the  base  of  the  brain  impart 
pulsatory  movements  to  the  latter.     As  a  rcAult  of  the  physical  conditions  present 
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in  Che  calvarium.  tbe  larse  amount  of  blood  thrown  into  th«  arteries  with  K\«ry 
systole  cawtcK  llic  cximiMin)  nt  an  ci|ual  iiiiitJunL  of  bloud  (rum  the  veins.  Ttte 
act  ot  brr-iiihinK  cmiso^.  btsiiks,  a  ns\Kr3\«t\  rar >vi.imiil  i>f  lh<-  liraiii.  wliii'h  is 
L-lrvutcd  on  i-x|'iratioii  and  (aWt  on  inujir^nioit.  This  niuvctnt'iii.  xi  rliic  in  )>art 
tu  the  n'ttfirutory  lluctu^tiun  in  jiuIm.-  vui  in  [lart  t^>  variatit-'tin  in  the  aitiv-uiiI 
of  Lluod  in  tile  vnnj  nf  the  cranial  cavily  FinAily.  thrn:  is  \u  Ik  in:'-'iir;ili'ii  n 
movcmr-nt  of  vnscuUr  vlrvntion  and  Jeprcssiim .  (uTitrnnjj  from  ty-ior  to  six  time* 
in  A  mirutc.  c^^rrcspondinp  to  the  pcriodic-regwlaion'  dilatation  and  ccmtractioa 
of  the  ve&^;cl£.  This  moVi-mirni  is  iaSucnct-d  by  emotional  clislurbonces.  It  oonin 
mtifcl  rc^ulurly  ihmiiK  Uivj). 

Thr  mnvonicnts  of  tht  lirain  aiv  apparent  cspfcially  whcrt  its  mrmh nines 
offer  slight  rL-siitaiice.  thtrt/r-n-.  tor  txamplc  at  thi-  funiands  in  cbilflnn  and  in 
artilU'tal  lre|iliiii'-"iii-iiiiii:''-  The  itn-st-ntf  'if  thu  ciTfhnwjiiiuil  fluid  is.  huwcvi-r. 
cxorcdtn^ly  imjionmil  wiih  n.-sj)cct  m  ihi-s  movtnicnl.  prvtliably  bccjmsc  it  prop- 
a^tcg  the  pfvssuic  uniftirmly  and,  thus,  eotic  cut  rates  every  sysflu-  and  ex- 
piratory vaec'ular  dilntation  up<.>n  the  uortion  on  thv  calvunum  that  doc-s  not 
offer  rexisiance.  If  thi-  fluid  ik  (Imiiied  xv^ay  the  movement  becomeji  smalt  to 
the  pdiiit  of  ilti^iiiipi'itnane?. 

As  the  arteries  within  the  rigid  ealvarium  undergo  change  in  volume  with  Ihe 
movemt-n:  of  the  pulse  a  pulsatory'  variation  in  tlu-  vohime  of  the  vein*  (!iiniise«) 
ik  eoiuiantly  dhwr^'t-tl,  thi-  iijiijuKite  nf  that  in  ihf  Mrlerir*.  Emutiniml  itinturli- 
ancrn  incre.isc  the  inilsation  of  the  brniii  .\l  iht-  nuiiient  uf  nwiikinj*  the  nitHAini 
of  blood  in  the  brain  diiiiinishea,  while  swisorial  irrit.itieww  durine  slefji,  without 
awakeniiiK  the  Mihji-et.  increaHe  the  amount  t>f  hlmiil.  In  .-divht  ■le^'e  the  bruia 
may  underw>  passive  tno%x-nicnt  within  the  CTMiinI  cavity  on  cbnnKc  iii  the  po«ition 
of  the  head 

The  Ttasela  of  th«  pis  sre  naturally  in  pan  under  the  influenee  nf  the  vaao- 
tnotor  nervec  aef-mpanyinK  then;  iii  part  their  me  may  he  influenced  from 
nmiotc  parts  of  the  liiKly.  If  u.  irephine-ntienuij;  be  dosed  liy  means  i>(  a  Nmall 
glass  window,  the  elTeots  upon  the  lumen  of  the  vessels  eaii  be  observe!  with  the 
aid  of  a  mirro»£0]ie  irritation  of  the  .lympatbetie  altects  only  the  vessels  of  the 
Mtme  Ktde,  but  <!<«■»  nol  alter  the  Ulonfl-iirewurt-  upon  the  other  siile  (thntuKli 
the  circle  of  Willis)  Paralysis  of  the  vasomotor  nenr'es,  also  by  means  of  nar- 
COtifK,  ei«uHi.'K  dilatation  of  the  vesael.t.  Tile  vviwsel;'  o.intmct  sOtoiikIv  in  death. 
They  arc  dilated  in  connectiun  with  cerebral  activity,  n;-  well  as  durini:  sleep. 
Transitfiry  nnemin  "(  ihv  ix-rebral  nrterics  is  (olloived' by  their  w-v<>ndary  dilata- 
tiiin  and  hyjjcreinia  Irritation  of  the  vasomotor  center,  for  example  by 
aiphvKia  or  strychnin  or  reflexly.  eanses  the  presence  of  an  !nerease<l  amount  of 
IiIoim'I  in  the  arierii-«  of  tlie  et-mral  nervous  eyati-m  in  coii'U-i]u<"nce  of  eotlateral 
hyi>creini«  These  arteries,  therefore,  do  not  take  part  in  the  coniraetion  of  all 
of  the  remaining  arteries.  Exce»*ivc  elevaiioti  tr(  pressure  in  the  cerebrospiiial 
cavity  in  tonnviiieiiee  of  hviicn*mtw  is  offset  by  ih<-  etcapi-  of  ocTebm«|iinal  fluid 
into  the  lymiih-sheiiths  tif  the  cerebmspinal  nerves  Cerebral  irriintion  that 
excites  epileptic  attacks  cause  an  increased  svipjily  of  blood  inde]>endcntlY  of  the 
blood -ureHAu re.  Sudden  liKalioii  of  all  of  ihe  cerebral  arteries  caiuei  immediate 
lo»  of  the  nens'^num,  and  Inter  "n  marked  irritation  ..-f  the  medulla  oblangata 
and  itR  e<-nter(i  and  Hnnllv  rapid  death  with  convulsions. 

As  a  result  of  the  free  anastomoses  at  the  base,  Ihe  individual  Dorlioni  of  the 
cerebrum  an-  jirtttected  agaiiKt  anemia  on  e^inuin-s.-siim  or  Hgaturc  of^nne  or  another 
vewel.  Within  the  cen-bntm  the  arteries  no-  di^ritnited  as  terrninal  arteries. 
that  is  in  the  area  of  their  terminal  distribution  they  do  m^i  form  anastomtwes 
vrith  neighboring  arterial  branelies.  On  the  other  hand,  the  peripheral  arterie* 
on  the  I'titer  jnirfacc  of  the  brain,  the  arteries  of  the  oqius  eallosum.  of  the 
fossa  of  Sjlvius.  and  the  deep  cerebral,  form  free  anaatomofes.  Thr  sudden 
aasiuiiption  of  the  er\-et  p'-Bturv  bj  persons  nho  haw  occupied  the  reeumbttit 
j)0»ition  (or  a  hniR  time  and  an-  at  the  same  time  anemte  is  nut  rarely  attritdcd 
vrith  cerebral  ani-mia  from  hvdrostatic  caww-*.  aitsoeinted  -^Tth  !okk  of  eon leioiis- 
nr«s  and  obsenratii-ti  of  the  getises  Alteealiont  in  the  p^sitiinn  ■>(  the  Imdy  have 
otherwise  no  effect  upon  the  pressure  in  the  cerebral  vessels.  Death  <icoups  in 
some  aniinjils  .ifter  vertical  ek-vation  of  the  Irejihinrd  ukull  and  even  more  quieklj' 
if  they  are  plaeed  u|Kin  the  centrifuge.  Esceedingly  severe  muscular  ejiertiori 
OS  well  as  marked  activity  on  the  part  of  other  organs  greatly  reduce  the  pressurv 
in  the  carotid  arteries. 

Cerebral  Pruaure. — Enelosied  within  the  imWeWing  wilvariiim  there  is  ici  lbs 
on«  bajid  the  brain  togctlii-r  with  the  nutritive  Huid  (lymph)  that  inrm.-.it*-.  ;t 
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OS  well  as  Ihc  cerebrospinal  duid.  anil,  en  the  other  hand,  the  system  of  blood- 
veitsels.  EC  thr  vvlunic  of  the  liitt<^  is  Incrvxtcd  in  rui>K.*v|UL-(ici:  u[  the  preaenue 
uf  An  ioiCTvasci  amroint  vi  blood  in  the  skull,  itie  t>rairt  becnmcs  puorcr  in  lluid, 
likt-  an  ojsp(vs8ciI  sponge  Conversely,  in  cai>c  ot  excessive  jjrdawctiii-n  of  the 
ttiiicl^  iiicnfi'ined  the  ttlood  niu»t  i^cape  imin  the  vaseulAr  system  Tiiat  the 
lalter.  hdwevtr.  is  ptuuiitilc  must  be  eonrlmlw!  from  the  circumstanee  that  the 
funnaTiiin  of  the  fluiii  is  tint,  umler  all  eireiimsiance:*,  ih-tienilent,  as  «.  iimplu 
tr.tiisuflJnK  lihratc,  solely  upon  the  blood -[jrvfisurv.  but  thai  ii  in.-iv  take  plate  aUa 
independeinly  of  ihe  lailei  an  i  reiiull  of  tlie  siecnrtoiy  a<:iivity  of^Uie  veswJs. 

The  l>i'aiti  ami  the  fltii^l  sumninrijn);  il  are  cotistxncly  under  it  cerlNtn  mcui 
pntssiirr ,  which  is  influenced  \»y  ilic  atmospheric  pii;ssua-.  wi  ihul  the  pn.'»sure 
within  the  skull  is  altered  in  correbpoiidenw  with  tUietiwiioni  in  the  atnioapbcric 
pre«*urv  AecardiiiK  Ut  Gruahcy  then:  prcViiib  in  Ihe  vkull  of  &ii  atlutl  a  ne^ati^'e 
pix-aaure  of  — i.i  cm  pf  waUT;  at  the  t^rainen  mngnuni  it  is  (ero.  In  the  dural 
sac  of  the  spiral  c^rd  there  is  a  j'osiiive  pfxtsitnc.  helow  (in  the  erect  picture) 
greater  than  above,  but  on  the  avt-raee  v  fn>  cm  c-i  wat(^r  The  tnecstigatiore 
of  Naunyn  and  Schreilxr  ujion  paih<'loj;ii;al  Urainjirewure.  or  cerebrospinal 
pn-saure.  have  shown  tlial  this  pressure  must  ie;ich  a  level  Komewhat  lielow  ihc 
arterial  pn-ssurc  in  the  carotid  arter\'  before  the  dialinciive  symptoms  of  cen?l>i»I 
pressure  appear.  These  constHt  of  heudaelie  of  paroxysmal  occiuTcncc.  with 
marke<l  verti}:o  lo  the  point  of  une<ins('i<>u:ines»,  vomitiii}:-  nh'winK  "(  the  ■pvHae, 
Blow  and  shallow  rmpiralion.  convulsions,  injection  of  ihc  cotiiunctivit,  and  in- 
crease of  the  pressurv  of  the  eerebrosfiiial  lluid.  The  cause  of^thi-sc  svmptoms 
resides  in  anemia  of  the  brtiin,  »<•  that  bluodk-ltini;  is  to  Ix-  avyidi-d  in  e<:iii6e- 
qxienee  of  cxccMive  tension  of  the  cerebrospinal  fluid  the  brain  i*  t-xpresKod  like  a 
upongc.  Thi-  blood  escapes  from  it.  and  naliir.iUy  from  thi-  canillaneii  mom 
readily,  as  these  can  he  most  readily  cxpresMrd  on  account  of  their  lower  intpma) 
pressure  Acute  cerebral  anemia  in  tlins  in«Iueed  If  the  degree  of  pressure 
attains  <jnly  a  inoclerati;  level  the  syinplnms  dewrilH'd  may  remain  latent.  .N'e%'er- 
thelejwi,  nutritive  disorders  develop  in  Ihe  brain,  with  conseculivc  phenomcita. 
such  as  persistent  slight  headaehe.  u  fceh»|j  **'  vcrtiiio,  mu.ieular  weakness,  visual 
dislurKuieeH  (in  eDnwquence  of  neurnrelinilis  wiiU  jin|>illilln).  The  .symptoms 
may  be  rehevcd  by  elevation  of  the  blotMi-on-ssurc.  while  rcducLion  of  the  prcaeure 
Cfltiscs  more  marked  syniptoms  of  Lvrcbral  pressure 

At  a  prt.'4«uTt  of  (111011  ;o  lo  So  mm  f".-!!!!  iippe.irn  m  dnjpt  fioly  in  eon*equenc« 
of  mevhaineal  irritation  of  the  dura;  at  n  higner  prcssuw.'.  loss  of  i-i>n«ci«ui:nu&s; 
at  a  pressure  of  too  nun  .  cunvkilsions  similar  to  those  attending  sudden  occlusion 
of  the  aneriei  A  prcM-ure  of  from  loo  to  uo  mm,  nivv*  ri>je  lo  stowing  of  the 
pulse  in  eonw-quence  of  central  irritation  of  the  vskhs,  while  the  respiratory 
[requeney  exhilfils  a  tranailorv  increase  and  later  a  nduelion.  Marked  cwn- 
prcssion  of  long  standing  lerminaU-s  faialh  Mumcr  or  later.  The  blood- pressure 
IS  lirst  increasi'd  in  consequence  of  reflex  .itimulatioii  «f  (he  vasoTni'li^r  ceiiVcT, 
as  a  result  of  irritation  of  the  wnsorj' nerves  by  pressure.  Tlwm  the  blood -preami re 
fallK,  with  marked  blowing  »(  the  pulse.  In  addition,  variations  in  blond -prewaire 
of  tnregtilar  occurrence  are  indicative  of  direct  central  irritation  of  lh«  vasomotor 
center  bv  pressure. 

At  tlte  level  of  thr  eauda  e«|uina  the  pressiin>  of  the  Kpinal  fluid  in  the  arach- 
noid sac  IK  only  lietwei-n  ;  .>  and  1 1  mm  of  merctin'  in  the  dog  After  evacuation 
of  the  cerebrospinal  fluid  n-storalion  lakes  pUK^e  rapidly.  Artilicial  mcrcase  is 
souti  neutralized,  the  exccMi  of  lluid  piiAxint;  into  the  [ymphalicit  and  the  veiii». 


COMPARATIVE.     HISTORICAL. 

NervM  are  wanting  -ii  ilif  po  tJioa  .Vmont,'  the  cetenterate*  the  first  in- 
dieaiioti.i  of  a  nervtms  Kysteni  are  pnweiit  in  ihe  neuninmienlareellnof  the  hydroid* 
and  the  mrdiise.  In'thc  latter  a  clos*-d  nervous  chain  p;isses  aliirg  tiic  nuir- 
gin  _of  the  umlirelln  and.  corresponding  lo  the  marginal  bodies,  exhibits  cell- 
like  thickenings  from  which  filftmeniji  |>jw.<  to  the  sense-organs.  In  worms  B 
ring  is  ufleii  .'itliicherl  lo  the  head  and  it  surround-s  the  phar^'nx  in  those  pri>viiled 
with  iniestitu-s  ils  u  finale  or  a  double  ring.  I'roni  this  there  nass  into  the  elonwted 
body  loofiitudinal  trunks,  frequently  two,  which  arc  provided  with  eniiglia  eorre- 
ajK-'tidiiij;  It-  Ihe  body-scginenl.-i.  and  here  they  ailiL^lomoM.-.  In  lliv  leech  on Iv 
one  lonjTittHlinal  trunk  provided  with  ganglia,  the  so-called  abdominal  mt'dulla,  is 
{irrs^'nt      In  echinmierrnB  the  mouth  is  surrounded  by  a  large  ner\'ous  rin^,  fmin 
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wliich  thick  tt«rv'«a  dass  ofT  correspoi)(!i»};  to  the  main  trunks  uf  the  watcT-vfts- 
cutar  syjtcm.  At  tno  9oint  of  onjtin  th«  ticnous  hiij;  is  provided  with  the 
sffl-called  ftmhulacnO  braine.  Arthmpnds  posM^s  above  the  pharynx  a  large  cephalic 
gajigliou  (ruin  which  the  sense-nerves  anse.  Another  ganglion'  below  the  pharynx 
IS  connected  on  each  side  with  the  first  bv  means  of  a  commissure.  From  thi* 
point  the  abdoramalcham  of  ganglja  r-xtciidK through  tlw  thorax  ;ind  th«  abdomen. 
At  times  several  ganglia  arc  fused  into  a  nervous  node  of  confiidcrablc  size:  at 
other  times  they  remain  isolated  for  the  majority  of  the  scirmenis  of  the  body. 

In  inollu-ics  also  the  pharrnitea]  ring  is  still  present,  although  the  ganglianic 
□lasMa  occupy  a  varying  position  in  it.  A  numhcr  of  remotely  situated  K^^ffLia 
conirectcd  with  the  pharyngcst  ring  bv  means  of  filaments  rcprtscni  thesvnipji- 
eh«tic.  In  cephalopoda  a  portion  of  the  pharj-rigeal  nng  almost  entirely  devoid 
of  commiKures  is  enclosed  as  the  brain  in  a  cartilaginous  calvarium.  In  addition 
gmns^lia  snc  found  in  the  ctomoch  and  the  heart.  In  vertelirates  the  ncrvou* 
systMB  is  always  situated  on  the  dorsal  aspect  of  the  body.  In  th«  amphioxus 
it  i«  not  yet  subdivided  into  brain  and  spinal  cord.  The  'di\-istons  of  the  brain 
of  vertebrates  have  been  disctisHcd  on  p.  776.  the  peripheral  nerves  on  p.  731. 

HistoriciL — Alkmaeon  ($80  B.  C  )  located  consciousness  in  the  bnun.  Gatcn 
(tji-ao^  A,  D.)  the  impulse  for  voluntary  movements.  Aristotle  (384  B  C.) 
described  the  brain  of  man  as  relatively  the  largest.  He  designated  it  a.s  uniiri- 
table  to  stimuli  (iniensitivc).  lie  considered  small  persons  as  mentally  Miperior. 
He  considered  it  a  function  of  the  brain  to  coo]  the  heat  ariting  from  the  heart. 
Hervphihis  (300  B.  C)  properly  considered  the  region  of  the  postrrior  hotn  aa 
the  principal  seat  for  sensation  He  described,  further,  the  calamus  scriptonus. 
Probably  as  a  result  of  expenraent,  he  considered  the  fmirtli  ventricle  as  the 
most  important  for  life.  Homer  makes  repeated  references  to  the  d«na«r  of 
injury  of  the  neck  (the  scat  of  the  medulla  oblongata).  Hippocrates,  Galen, 
Aretaeus,  and  Casaiu»  Felix  (9^  A.  D.)  knew  that  a  lesion  of  one-fiolf  of  the  brain 
causes  paralysis  on  the  opposite,  side  of  the  liody,  Galen  recognized  the  Spinal 
cord  as  containing  the  conducting  tract  for  motion  and  sensation.  The  ascetics 
of  the  Middle  Ages  were  famihar  nrith  visual  halliicinations  (visinns)  and  the  Ulce, 
and  many  important  paintings  are  to  be  considered  as  representations  of  such 
hallucin.itioiL'i,  the  eye  of  the  expert  now  and  ajjain  reeogni«ng  in  them  photoptie 
sccond^n.'  phen(flncna,  for  example  gcintillatmg  scotoma,  vesalius  descriMd 
(1540)  llie  live  ventricles  of  the  brain.  R.  Columbo  observed  (1559)  the  mo\'e~ 
ment  of  the  brain  synchronous  w-iih  the  a<-tion  of  the  heart,  while  the  respiratory 
mo\-cment  of  the  brain  was  first  described  accurately  in  1811  liy  Ravinna.  V'aro- 
l!u3  (bom  ij4^)  described  the  pons.  Coitcr  noted  (1573)  the  possibility  for  life 
to  rontinue  alter  removal  of  the  cerebrum.  Wepfer  discovert^  in  1658  th« 
hemorrhagic  nature  of  apoplexy  ("sancuine  extra  vaaa  eiluso  ex  rupto  romo"), 
while  Sylvius  de  le  B04  descHhed  the  (<>txA  and  the  aqueduct  nnmca  after  bint. 
Schneider  (t66o)  determined  thE>  weight  of  the  brain  of  different  animals,  Mis- 
tichelli  {1709)  and  Petit  (1710)  dewrihed  the  decussation  of  the  fibers  of  the 
mi'dulla  l>elow  the  nons.  Haller  and  his  puptl  Zinn  were  familiar  witli  the  cir- 
cular movements  following  injuries  of  the  main.  I.orn.'  was  the  titst  to  ob«er\'e 
disorders  of  coordination  in  a  pigeon  after  puncture  of  the  cerebellum  {i7tK»i. 
Oall  demonstrated  the  partial  origin  of  ihe  optic  nerve  from  the  anterior  quad- 
rigcmtnate  body  and  he  cave  the  best  descri^ili'ins  of  the  filHTS  jmtl  of  the  convolu- 
tions of  the  brain  from  dissection  of  the  brain  from  below.  Luigi  Rolando  (1B09) 
deacribed  the  great  central  fissure  of  the  brain.  He  and  HeUingvr  (i8»j)  described 
more  fully  the  form  of  the  gray  matter  of  the  spinal  cord.  Carus  deacnbed  <iSt4) 
the  central  canal  of  the  spinal  cord,  which  had  already  been  observed  in  the 
seventeenth  century  by  J.  Conrnd  Bnmiier.  A  moc't  extensive  anatomical 
work  upon  the  brain  was  written  by  Burdach  (1819-1816). 


PHYSIOLOGY  OF  THE  ORGANS  OF 
SPECIAL  SENSE. 


INTRODUCTORY  REMARKS. 

The  function  of  the  organs  of  special  sense  is  to  transmit  to  the 
sensorium  impressions  of  the  various  phenomena  of  the  outer  world ; 
they  act,  therefore,  as  the  intermediate  apparatus  of  sensory  per- 
ceptions. In  order  that  these  may  be  brought  about,  the  following 
conditions  must  be  fulfilled:  (i)  The  sense-organ,  with  its  specific  end- 
apparatus,  must  be  anatomically  intact,  and  be  capable  of  performing 
its  physiological  function,  (a)  A  "  specific  stimulus"  must  be  present 
and  act  upon  the  end-organ  in  a  normal  manner.  (3)  There  must 
be  an  uninterrupted  communication  from  the  sense-organ  through  the 
course  of  the  afferent  nerve  to  the  brain.  (4)  At  the  time  of  stimulation, 
psychic  activity  (attention)  must  be  directed  toward  the  process  of 
stimulation;  in  this  manner  the  sensation  (as,  for  instance,  of  Hght  or 
sound)  first  originates  through  the  sense-organ.  (5)  If,  finally,  through 
a  psychic  act,  the  sensation  is  referred  to  its  external  cause  (a  process 
that  takes  place  in  the  cerebral  cortex  of  the  psychosensorial  centers). 
a  conscious  sense-percept  is  formed.  Often,  however,  this  reference 
is  made  unconsciously,  inasmuch  as  it  is  deduced  only  from  experiences 
previously  made.  (6)  The  sensory  nerves  are  connected  not  only  with  the 
cerebral  cortex,  but  also  with  more  deeply  situated  central  nuclei,  where- 
by reflexes  are  produced,  which  (in  the  absence  of  a  conscious  sensory 
perception)  appear  as  movements,  for  the  purpose  of  guarding  the 
sensory  mechanisms  against  irritation,  and  protecting  them.  In  the 
lower  animals  the  instinctive  movements  for  the  material  preservatioh 
of  the  animal  that  take  place  on  irritation  of  the  sense-organs  are 
effectuated  in  this  way. 

Among  the  stimuli  that  affect  the  terminal  apparatus  of  the  sense- 
organs  there  are  distinguished:  (i)  Adequate  or  homologous  stimuli, 
that  is,  those  for  the  activity  of  which  the  organ  is  especially  constructed, 
for  example  the  rods  and  cones  of  the  retina  for  the  undulations  of  the 
luminiferous  ether.  Thus,  there  is  a  specific  stimulus  for  each  sensory 
nerve-ending  (Johannes  M  iiller's  law  of  specific  energy) .  ( 2 )  Other  stimuli 
of  a  different  nature  (mechanical,  thermal,  chemical,  electrical,  internal 
somatic)  are  also  efficient,  as,  for  instance,  the  seeing  of  stars  in  con- 
sequence of  a  blow  upon  the  eye,  or  ringing  in  the  ears  as  a  result  of 
cerebral  hyperemia.  These  heterologous  stimuli  maj'  affect  the  nervous 
elements  of  the  sensory  apparatus  throughout  their  entire  course  from 
the  terminal  sense-organ  to  the  cerebral  cortex.  On  the  other  hand,  the 
adequate  stimuli  act  only  upon  the  terminal  apparatus ;  for  example 
light  thrown  upon  the  trunk  of  the  exposed  optic  nerve  has  no  effect 
whatsoever, 
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The  homologous  stimuli  are  cfEcctivc  with  respect  to  the  scnsc-organt 
only  wiihiii  cenain  limits  of  intensity.  Exceedingly  feeble  stimuli, 
be^n  with,  are  without  any  eflet'l.  The  deyrec  of  mlensity  ot  Rtiniu> 
lation  thai  originates  the  hnsl  traLX  of  scnsatiun  is  call«l  the  ihreshotti  of 
sensation,  or  the  "threshold  value."  With  increase  in  the  intensity  o( 
the  sttmiiluB  the  sensations  inereasc,  and  the  sensations  increase  equally 
when  the  intensity  of  the  stimulus  increases  in  like  projjortiona.  For 
example,  the  same  seosatiun  of  equal  increaKe  in  hrijjhtnc!^  is  produced 
by  the  iight  of  it  candles,  instead  of  lo,  or  of  no  candles  instead  of 
100  (the  ratio  of  increase  in  each  rase  being  equal  to  one-tenth).  As  the 
logarithms  of  the  numbers  increase  equally,  the  law  has  been  expressed 
as  follows:  The  sen*ation-'*  increase  not  as  the  absolute  intensities  of  the 
stimuli,  but  approximately  as  the  lo^caritliins  of  the  intensities.  The 
universal  appliculiility  of  this  psychophysical  law  of  Fechnet  has. 
however,  been  disputed  recently  by  K.  Ilcnng.  Specific  stimuli  of 
excessive  activity  give  rise  to  peculi.'ir  paiiu'nl  sensations,  as,  for  instance, 
the  sense  of  blindmg,  of  deafening  of  the  car,  etc.  The  seose-oi^ans 
react  to  adequate  stimuli  only  within  certain  definite  limits,  as,  for 
instance,  the  ear  responds  to  vibrations  of  sonorous  l>odies  only  with- 
in the  range  of  a  definite  number  of  vibrations,  and  the  retina  only 
to  the  undulations  of  the  luminiferous  ether  l>ctween  red  and  violet, 
although  not  to  the  heat-waves  nor  to  the  chemically  active  \Tbration8, 

The  designation  iiftiT-sensjtwn  is  applied  tti  the  jdwnomenor 
that  the  sensation,  a.i  a  rule,  lasts  longer  than  the  stimulus:  to  thescl 
belong  the  after-images,  the  persistent  sensation  after  pressure  upon  the 
skin.  etc.  Subjective  sensations,  finally,  are  brought  about  by  the 
imtaliun  of  the  nervous  part  of  the  ajiparatus  by  internal,  somatic  causes. 
The  highest  order  of  these  subjective  sensations,  which  usually  depend 
upon  pathological  irritation  of  the  psychosensorial,  cortical  centers 
are  known  as  hallucinations;  as,  for  example,  when  a  person  in  delirium 
sees  forms  or  hears  voices  that  are  not  present.  In  contrailistinction  to 
these,  the  designation  Ulusians  is  applied  to  the  modiricattons,  by  the 
mind,  of  a  sensation  actually  present ;  as,  for  example,  when  the  rolling  oi  a 
wagon  is  thought  to  be  thunder.  Kach  of  these  subject^i  will  be  taken 
up  in  detail  under  the  individual  senric-organs. 

In  ntu'ltont  tnfnntsi  the  m'TUH.'  i>f  touch  is  strongly  <li,-vt'lu]H*d.  the  piiifi-senBc 
poorly:  muscular  sfHs^iioiiB  are  dtmhtfullv  prespni:'  while  smell  and  taste  %re 
in-quently  con(u!ii-d  Aii<litory  stiimili  are  iJervi'ivfd  (mm  ihe  second  day  im. 
visuiil  stimtih  imtncdiMtilv  atti-r  birth,  Init  n  \HTiyhcTit,\  vixuiil  twld  d'X't  nil  yet 
MciiJ.  Toward  the  fmirifi  >»■  tiflh  »-crk  mo^cmcms  of  c*in%TrKci»cc  and  acrorn* 
nindation  arc  observed,  while  after  four  mrmihs  colors  are  diiTi-reniiaii-il.  Dif- 
fcTviit  etiinidi  arc  not  pvreci^cd  siinultan<.-ou9l)- — s  rvflex  inhil>itor>'  eentvr  i»  not 
yet  dcvcIojMnl, 
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THE  VISUAL  APPARATUS. 

PRELIMINARY    ANATOMICAL    AND    HISTOLOGICAL    OBSERVA- 
TIONS.     THE    INTRAOCULAR    PRESSURE. 

Till"  folldwinx  aiiaiomiti!  and  tuitologica!  sketch  cati  n^kr  unh  ti>  the  plijsio- 
totiically  imparlitnt  prints;  it  pT¥Suii)Hi3r«.  naturally,  a  Itnnwlctlicc  nt  the  iinatcimical 
strticturc  of  the  eye. 

I     l-lxtermil  ^r  pbwHJ  innic  of  tk<  bulb,  iyniiilini;  of  iA<  coi  neo  and  ihtt  icifra. 

The  cornea  is,  fur  the  sake  of  simplicity,  assumed  tu  liavv  a  uniformly 
sphrricnl  eurvaliirt-,  althciuxh  in  n-ality  il  rli-viatvs  fri>m  Tins  (iirm  It  rcprvncnta 
ritlier  tlic  vcrlien!  argiiuni  tif  :i sioincwhAl  nblnte  iHipsoiH,  whii-h  musl  he  eoncci ved 
as  prnducf^d  by  the  roiati'.>n  of  an  (ellipse  ahuul  ils  long  axis:  niimcrrniit  deviation!^ 
from  such  ji  regular  ligurv  tifcitr.  nnwevor  It  is  appmxiinatoly  of  the  taniir 
thickiie<£  thnjughi«it,  (^Xfc-pl  that  in  thr  to-wIjutii  the  iTtiinil  portion  is  some- 
what thicker,  while  in  adults  it  is  rather  thinner  The  cornea  is  rnmposed  of 
the  fi'll'iwinK  layem  (i>  Th«  durrrr'in'.  sirniiiwii,  muUaird  i-piiluiiuui.  o  oj  mm. 
thick  (Fig.  abrt,  III.  con.iirt-^<>(  Inllnt■^f^ll^  laycnt  ul  relU.  all  of  which  arc  coniiccud 
by  delicate  i>roccsaes  oi  protoplnstn.  The  deepest  cells  arc  rathv-r  conc-shnped, 
are  arranged  vertically  side  by  side  and  are  known  as  supporting  cells      The 
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roundish  cells  of  the  middle  layers  arc  more  arched,  and  posHcss  tooth-like  processes, 
which  tit  intrt  corresponding  dfpn-Biiic«i»  in  lh*  adjoiiiinf;  evils  The  dtv[t*r  ct^Ujt 
contain  a  difilosuma.  The  *uiw--Micii!  celU  are  flat,  entirely  smo/jth,  and  hard 
fquammu  tnitheliuni.  eontainin^j  keKitin.  'I"he  riuiiunctivii  coiUainK  MHttercd 
EOl)lel -eel Is,  which  product-  mucus  (»t  Tlie  cjiilhelial  lnyer  rests  un  the  nntcrior 
surface  of  the  raiher  uneven  oHUrU>'  elos-iu  'Hr»«('HJHt',  or  Bowiaan't  iiurmtiraiie. 
a  atntctureleM.  hyaloid  meinbram-  (hi  o.oi  mm  thirk,  undt^  the  iiction  oi  n— 
ajents  ha\-inK  a.  fibrillar  appcaianix.  and  p(»leri')rly  pas.sinj;  in"ailually  in- 
to: (j)  The  iTUt  corneal  tissue,  which  consists  of  doubly  n-frncliiiL;  nbcrs, 
coastituted  of  exceedinKly  delicate  coimective-tisnue  tibriln.  These  liticm  are 
woven  into  about  60  ma(-lilce  lamellae  (/I,  which  overlie  one  another  nnd  arc 
cemented  toRt-ther  in  lavrrie,  ?Jp*r  the  anterior  elnjitic  memhrane  these  himdles 
bend  forward  a^  supportinp  fibers  Some  fibers  pass  Throuph  this  entire  layer  as 
'■perforating"  fillers  In  the  inierstiees  of  the  mesliwork  there  is  a  system  of 
istercommunicalinfi  jinKsiiK*'"-  which  poijiew!  a  sort  of  ptint-lul  layer.  These 
iuiastom(»inK  canals  are  lymphatic  in  nature  and  commuuic.ite  with  the  lymph- 
vessels  of  the  conjunctiva,  'rhe  Hxed  conual  corpuscles  (Fig.  ibb.  ci  lie  in  these 
spaces;  ttiey  are  prox'idi.'d  with  ana.sti)niiMiii>.'  iinjcc»se%.  and  po^uieiut  the  character 
erf  pnJttiplasmic  cells  Kuhne  saw  these  cells  retract  tip'in  slimidiiliini  of  the 
corneal  nerNes;  ilic  anatomical  connection  of  the  nerves  with  the  cells  has  also 
been  shown.     AccordiBj:  to  v.  Kccktinic^usen  wandering  cells  may  also  pea>etratc 
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these  channels  from  vritfaout,  and  increase  ereatly  in  the  pretence  of  infix mmatloo. 
U)  The  transparent,  stntcturdcss  fft^Ui-rurr  eta.'tk  mcrnbtant  (cf).  0.006  nun. 
thick.  Desccmct's  or  Demour's  ineral>rane.  posscjutes  in  many  anirnala  a  ctrialed 
appearance  indiuitive  of  a  lamellar  structure,  and  toward  the  corneal  periphery, 
where  it  becomes  thicker,  it  occMionally  exhibits  slight  conical  projections.  TtuA 
membrRne  is  exe«edinglv  tough  and  (i"  the  presence  of  intlammaiion ,  etc.)  re- 
ststant;  when  it  is  detached,  it  curls  up  cow&rd  its  convex  side.  Its  periphenU 
portion  ptutso;  over  into  the  Iibro-elasttc  network  of  the  pectinate  hsiunent  of  the 
iris,  the  trabcculiv  of  which  are  hned  u-ith  epithelial  cells.  (5)  The  poiUrior 
tonual  tpithtlium  is  composed  of  a  single  layer  of  flat,  delicate,  hexagonal.  aucleat«d 
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Fio.  tOC,— Umdlaul  Stoioa  ihrosgb  (fa*  C«<D*OKltnl  Jvocdon;  a,  Aiii*nnr  mnol  tidthainmi  L  Ba*w«tt'* 
nwinbraiU'.  (,  ootobiI  corpuicla  or  Irmpli-tiuca;  I.  onml  Ivnellx^  ihi  lajrcr  Ixiiioca  k  aod  a  S»  tkt  tT«c 
liwM  of  IM  «MM*i  4.  Uettrmtl't  tiumhrmr .  1.  tti  r[uih*lium;  i.  junctldii  ol  tlw  canaa  lad  Ifci  idatk; 
1.  Umboi  CDnjiuKtine:  h.  iJon|uaci\in.  1.  S:lilciiini'i  »i»l,  k,  Lxtin'i  nnoui  tilnui,  aiDrfdrr*d  liy  Ltbet 
M  bdwcwa  10  EthUmin't  aiul.  •«.  •>,  rnrthn  in  the  twtnt  nt  thr  prdiBUt  npmi&l  of  Ih*  UU:  m,  taM 
efitit  iruL  oloaailudiul.  f  <li<u1u<innirerRtly4i<nil«l}  bbcfbuodlMoIlkcKloiBi  t.  paitioemdti  mta; 
jnirrrd>oiul,i(qiutorial  (drculu)  bundlool  the  ciliuv  moidri  ■.•KUoBsf  tdMrttiMttn;  »  ■liltwlhiia 
ol  the  iiii  (cQoiiniuuafi  of  LhU  on  (b*  poMcil«r  uiriiu*  cd  ih*  eooKa).  •*■  *»ibk  at  lk«  n*;  x,  f%mBl  «| 

ibc  in*-.  1,  a  dUw7  rrtKOK. 

ecHs  (0.  bound  together  by  fine  preeesees,  the  attached  portions  of  which  have 
a  fibrous  appearftnce.  These  cells  ext«id  from  the  edge  of  thi-  comeu  onto  the 
anterior  sttrlace  of  the  iris  (t).  In  the  interspaces  between  the  individual  cells 
there  arc  licir  lymph-Kpacef  that  communiiMic  with  advlicaie  canal-cystem  beneath 
the  epithelial  layt^r.  and,  further,  through  Dcsccmct't  membrane,  with  the  corneal 
lacunae. 

The  tUTVts  ni  the  cornea  arise  from  the  laree  and  short  ciliary  ncr^'es,  and  are 
partly  sensory  in  function.     Thry  rnler  the  mar^n  of  the  cornea  as  iruiikn  that 

Siouess  medullary  sheaths.     Further  inward  the  shcAtbs  are  lost,  and  the  ncrvec 
ofin  a  network  on  the  surface  of  the  cornea.     The  branching,  naked  hbnl 
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fi«neiratp  into  tb«  epithrtift]  layn*.  iguin  dix'tde.  ucniding  perptmdiciilfirly.  antl 
end  l^nally  hetwern  the  epilbelial  celts  as  minute  lit>crs  with  smnll  kirnhs  (vlsibk 
nn  trriiinicni  with  Rold  chlorid)  (Fig.  a*).  The  trophic  libera  of  the  cornea  are 
probably  Ihv  dccpcr-Iwris  twijpi  thai  are  comtrted  with  th«  corneal  corpuKks- 

liload-vesitli  £Lrc  prrsrnt  inily  in  the  outer  edte  ft  the  cornea  (Fig  36;.  v), 
and  cxt«nd  inward  from  the  Umlms  a  distance  of  i  mm.  above,  1.5  nuu  b<lt>w, 
and  t  mm.  laterally,  the  outcnnost  capillary  lovps  It-tid  baekwaid  in  an  arched 
manner.  The  cornea  ic  nourished  £rom  its  outer  margin.  Opacities  of  the  com«a 
produce  corre spending  disturbances  of  viiuun,  patholofpcally,  blo»d-v<^NCfU  may 
formed  within  il 

The  cornea  contains  collagHi  and  mucin  (but  no  chondrin}.  the  anterior 
_&ithcliuin  lwi>  elobuline,  Th«  ■■mcmbranin"  ai  OL-sceniet'i  meintiriinw  stands 
between  claslin  and  mucin,  and  is  diKeslcd  by  trypsin, 

The  sclera  is  a  dense,  fibrous  tunic  composca  of  connective- tissue  bundlca, 
running  in  an  etiuatorial  {p)  and  a  mrridional  (0^  direction,  with  which  areaMO- 
dated  many  clastic  libcn.  lo  its  intcntticcs.  which  communicutc  with  those 
of  the  cornea,  there  arc  flat  c«inc«tive-li«siic  corpuscles,  (iOmc  of  which  are  color- 
less, tome  pigmented,  and  alsn  wandcnng  lyTTiphccils  It  is  thickest  posteriorly, 
and  thjnnc*[  in  ihc  equatorial  region:  furlh'?r  forward  it  becomes  thiektr  at  ilie 
point  of  insiTtion  of  the  tendons  of  the  (our  rwli  uiuKctes.  It  contains  (inly  a  tew 
blood- vesseU.  which  form  a  wide-meshcd  ciipilliiry  network  immediately  under 
itit  inner  surface.  Other  vessels  (onn  an  ancrial  circle  around  the  optic-ner\-e 
entruvcc  In  rareinsianoeait  innilierical.  but  uauallyit  is  more  tike  an  cllipw»d. 
which  mu»t  be  conceived  as  produced  by  the  rotation  of  an  ellipse  dthcr  about 
its  short  axis  (short  eyes),  or  about  its  long  axis  (lo^^g  cycs>.  .\Dove  and  below, 
the  iclcra  yverfap*  the  transparent  corneal  margin,  so  that  the  cooiea  has  an 
elliptical  form  t(  N-icwcd  from  in  front,  and  a  circular  form  when  ^-iewed  from 
■behind-  Kollom-iBg  the  marpin  of  the  cornea,  but  within  the  erleral  substance, 
runs  a  circular  canal,  the  canal  of  Schleram  (t).  which  ana«t(immes  with  other 
Venous  channels  (Leber's  venous  plexua)  (fr):  Schwalbe  and  Waldeyer  regard 
Schlemm's  canal  ax  a  l^'mph-chaiuiel.  PWieriorly  the  sclera  ;s  continuous  wiili 
the  sheath  of  the  optic  nerwc  drrivi-d  from  the  diira  mater.  The  «:li-rii  also 
posiesaea  nerves,  which  are  said  to  terminate  in  the  cellular  elements  within  its 
substance. 

II.  Median  or  vascular  tunic  of  tkt  bulb,  eantisling  of  iIk  choroid,  llu  ciliary  pr(^ 
insts.  and  the  iris. 

Tb*  choroid  IB  composed  of  the  following  lay»v:  (i)  On  its  inner  surface  there 
ia  a  trnnsftarent  boimoarv  layer,  only  07  "  thick,  which  heeomes  somewhat 
thicker  anteriorly.  (*)  I'hc  exircnirly  vascular  capinafy  network  of  the  chorio- 
capillary  laver  or  membrane  of  Kuysch.  embedded  in  a  homogeneous  layer. 
Bounding  tfiiu  is:  (3)  A  dense  network  of  elastic  fibers,  which  is  lined  on  both 
surface)*  by  end'ithclium,  Tiii-n  followx  I4)  the  choroid  proper,  a  la>'er  with 
pigmented  connective- tissue  corpuscles,  which  in  the  form  of  an  clastic  network 
voniains  nuroirous  veins,  with  their  acconipanyini;  lymph-sheaths.  a»  well  as 
artehes.  which  are  provided  with  unstriated  mu.'tcle-liber.s  in  their  connective- 
tissue  irficaths.  b'inaUy.  there  is  15!  the  suprachoroid  layer  <>r  lamina  fusca, 
which  hounds  the  large  perichftroidal  h-mnh-space  (•;):  tW  latter  is  lined  with 
endothi-tium  and  i?  crossed  by  l^ranchcd  snd  snastomosing  tta'beeulw covered  with 
endothelial  and  connect ive-iissm-  cells  In  newborn  infants,  who  alwnys  havp 
dark-blue  iritk-s,  the  uveal  tissue  contains  mi  jiif^enl;  m  bnins  the  pigment 
develops  later,  while  in  blonds  ihe  uvi'M  remains  unpiijmented 

In  the  dUary  portion  of  the  uveal  tract,  the  pi^ented  connective-tissue  cells 
are  not  so  nuinenms.  In  this  poMtitin  lte«  the  rihary  mu.<tclc  ^muscle  of  accom- 
modation or  tensor  of  the  choroid),  whose  meridional  fibers  (*)  arise  by  means 
of  a  branched,  reticulated,  conncctivc-ttssuc  inscrtioa  at  the  inner  side  of  the 
eorneo'sderal  margin,  near  Schleitim's  canal,  and  extend  backv^-ard  into  the 
choroid :  the  radial  fiber*  pass  inward  toward  the  interior  ol  the  eveSnll ;  and  the 
circular  liundlcs  (/)  are  situaled  more  tiitcmaily,  just  within  the  ciliary-  border 
(Heinr,  Niillers  muscle).  The  motor  nerve  of  imsunstriated  musde  is  tfie  ocwln- 
motor.  Within  the  ciliarj*  processes  ganglion-ceils  have  been  found,  which  prob- 
ably lielonj!  to  the  tntjeimnitx. 

The  iris  consists  "f  the  follow-in«  layers,  from  before  haeltward;  The  anterior 

epithelium,  a  single  layer  of  cells  (»):  a  stroma  with  connective -tissue  Rbcri  and 

cells  (vascular  layer),  and.  finally,  a  pCNrterior.  sinitturelrss  limiting  membrane 

[membrane  of  Bruchl.  which  is  covered  wStb  the  double  layer  of  pigment-cells 
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(«).  This  pigmcnt'laycr  is  lined  by  the  vxcwdmi^ly  delicate  limitint;  nKmbrwiv 
of  the  iriA,  which  is  n  continttntion  of  the  intfmnl  limiting;  mcmhranr  of  the  retinA. 
Within  the  vascular  Iay*r  (which  contains  pipnctited  Cfmncotivo- tissue  cells  in 
brunn)  ai*  the  two  urmiriated  muscle*  ihe  sphincttr  o(  ihtf  pupil  {I'ig.  »Si), 
which  suntnindg  Ihr  niipil,  ant\  lies  near  the  poKtcrior  KarSatc  of  the  init  {it  is 
uinervaled  by  the  ocufomoior);   and  the  dilator  of  the  pupil     Tbr  latlcr  consiets 

of  a  thin  layer  of  radially  arranged 
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Ftc.'jni.— Uiinvninaiic  KctEamuiian  ol  the  Blood* 
iomI*  <rf  U»  Eye  <tf(«  Th   Lrbn)      Koriawul 
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ilo(  dUuy  utnin,  '  <'.  DDKiior  ctti*rY  tiwy 
and  tcjn:  rf.  d*.  cnawncilvil  .iiuiy  uA  vejo-. 
4  ^,  ceniFAl  0Ttcr7  «Ti'd  vrjn  of  tUr  ntiau;  /.  ¥*»- 
tcl*  of  Ihe  lOOfl.  I  ot  the  ourcr  ikhcaih  of  mc  apiu 
nmc;  k,  icrti(osc  nini;  i.  *h«n  pcotmat  dliuy 
itln.  running  onlj  lo  the  jtlcrii;  ».  Lnmti  ot  ihc 
■hiri  pmtmor  ciliary  twttrj  lo  Ihr  ojur  ficrrt: 
J,  odubMnoMi  brtiiHD  Ui«  (Iranildol  fnnU  »oA 
thaw  of  ibe  nart:  m,  dunw>ca|flluT  bnt;  ■. 
Tp*fitTil  1ma()i<«;  0  rix'umfit  choPoMal  AilrT) , 
t.  dmilui  iricriimu  iridi*  iiulor  (ao»-t«iiini(: 
^.  veioclfe  of  iLr  iru,  r,  ciLatj  priMcu;  1,  1>runih 
si  a  nFTtlioK  itln  Itom  ih<  illino'  muaclri  1. 
toandl  of  ike  uitrrior  ciliary  i-nn  fmm  Ibc  nluiy 
nuMlc;  a.  dnuliu  -ivntnui,  i*.  duiki""'  ccivuri 
«1  ibt  mrntftl  llnliut,  v.  BtumaF  iiuijunrtlial 
wuiy  aad  wici. 


fibers,  flOtne  of  which  poas  to  the 
pupillary  mursin,  while  some  l>cnd 
around  into  the  spluncter.  At  the 
outer  extrt-nitty '•f  t^«  iris  the  radia- 
ting Ahers  ar«  nrrafi^^d  in  anastomo- 
King  arclu-s  and  fumi  a  circular  niuKcle* 
bundle  The  chief  iicr\'c  of  the  dilator 
of  the  pupil  is  the  Gympatbetic. 
Ganglia  are  found  on  the  ciliary 
rirrvrs  in   the   choroid,     GL-riach  haa 

S'vcn  the  uppropriatc  name  of  avcnu- 
r  ItgtuucQt  of  the  bulb  (o  the  pna- 
matic  bundle  of  fibrous  tissue  Ibat 
bounds  the  periphprj"  of  tlK  ins,  and 
forms  the  prwnt  f>f  union  of  the  ctliarv 
body,  the  ins,  ihe  ciliarj'  musde,  the 
venous  sinus  of  theins,and  the  transi- 
tion from  the  conwa  t"  thr  sclera 

The  course  of  the  choroidal  reasela 
i»  of  great  importance  for  the  nutrition 
of  the  eye.  This  is  deocribcd  b>- 
L«bcr  aa  follows;  Among  the  artchca 
nrc;  (1)  The  i)*<irt  foslttior  cUuiry 
(Fig,  abj,  a,  a),  about  »o  in  number, 
whieh  penetrate  the  sclera  near  the 
optic  nerve  They  terminate  in  the 
vascular  network  of  the  chorio-capil- 
lary  layer  (mj.  which  reaches  ax  far 
as  the  era  temua.  (a)  The  two  fo«f 
poiUrior  ciliary  arteries,  one  of  which 
lies  on  the  nasal,  the  other  on  the  tem- 
poral side.  They  pass  to  the  ciliary 
portion  of  the  choroid  (fc),  wherr  they 
divide  dichntomously  and  enter  the 
iris,  to  help  form  the  cirettlvt  arleriastt^ 
iriiiis  mafor  (j>),  (3)  The  oiltri^y* 
diiary  antriis  (c).  which  ariee  fr^^m 
the  muscular  branches,  perforate  the 
aclcia  anteriorly,  and  give  otf  branches 
to  the  ciliary  portion  of  the  choroid 
and  to  the  iris  About  t>  branches 
run  backward  (o)  from  them  to  the 
chorio-eapillary  laver.  The  vcina 
carr>'  on  the  hlooti  as  follows*  <t) 
'Hie  anirrinr  ciSiary  vfim  (e')  receive 
tht'  bkwid  from  the  anterior  part  of 
lilt.-  uvea,  they  pass  outwud  and 
iri'mniunicatr  with  Schkmm's  canal 
and  I.<bcr's  venous  plexus.  They 
do  not  collect  any  Mood  from  t  he 
(s>  The  vt-iiwus  plcjcus 


iris,  however,     ._,    , 

of  the  ciliary  body  (r>  collecm  the  hlocwl  from  the  iris  (<jl.  and  joins  Ihc  choroidal 
veins  furthi^r  liHck  (ji  The  larttc  im.ra  tvrncosa  of  fitcnon.  the  m.'»in  trunks  ol 
which  (Ji)  ptrforate  the  sclera  beliind  the  t-quatPr  of  the  globe  The  inner  edge 
of  the  iris  glidci  uver  the  anterior  surface  of  the  lemi,  the  postenor  chamber  is 
quite  narrow. evL-n  in  iiHiilts.nnd  in  infants  it  is  nearly  ol>KterJited  When  Be 
blue  is  injected  into  the  anterior  chamber,  i  I  almost  invariably  enters  the  antei 
ciliary  veins,  even  in  hvinj  atiitnaU.  the  some  is  true  of  carmine.     It  is.  ihcreforeT 
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concluded  that  there  must  be  >  direct  coromtinicfttian  hctwetii  thcr  veins  and  the 
aiitcnor  diunber.  ax  a  diSusion  of  tliH.>se  substances  througli  membranes  is  tm- 

linemallytolhcchomid  lies  the  sin^lclnycr  rif  hrxngonal  cpithrlinl  cells,  from 
0.013$  to  0,01  mm  indiamelrr,  which  arc  filled  with  pigment.  This  layer  belongs 
really  to  the  retin&.  [n  fnint  of  the  on  scrrata  it  tonus  a  double  layer  of  cells, 
which  extends  to  the  posterior  .-surface  of  the  iris  (Fig.  a66,  x).  In  albinos  it  is 
free  (r<na  pigment;  the  ontei'  cells  i>n  the  ndgc«  of  the  eiHttr>'  proeewes  ore  «]»o 
devoid  of  piffm^nt, 

III.  iMitrital  lanicof  lAf  bulb,  conihtiHeof  the  retina  (opu'e  poriiait)  and  its  c<»t- 
MiiHtjiitHW.  tkf  cilitify  and  iridic  pcjii<yns  0}  the  rrttna. 

The  retina  is  IxJundcd  externally  by  the  hexstinnat  pi  em  i-nt  •epithelium  (Fig, 
j68,  FO,  which  embiyologically  and  functionally  belongs  lo  the  retina.  The  celli 
are  not  ihit.  Imt  -tend  i)ixmentcd  iirocessea  into  the  Mjaces  lieimeen  the  ends  of 
the  rods.  In  some  unimuLs  the  cells  contain  drtips  oi  tat  (rabliit)  and  other  sub- 
stances. At  the  ofit  srrnUa  the  ccUs  are  larger  nnd  darVcr.  Of  the  true  layers 
of  the  retina:  (i>  The  visual  cells,  or  the  "rods"  (il)  and  "cones,  "called  also  "neu- 
r-xpithclium."  lie  most  cxiemally.  They  are  ahseut  at  the  optic-ncne  entrance. 
The  outer  nortifins  of  the  rods  contain,  during  life,  a  red  pigment,  the  "visual 
purple,"  which  is  preson'ed  in  the  dnrk.  bnt  ie  Mciiched  by  dayhght,  nnd  i.i  con- 
tinually ruproduced  in  the  eye.  It  may  be  extracted  by  a.;  per  cent,  solution 
of  the  tnliarv  .'U'i'Ik,  niiniully  from  relinai  that  haw  lain  in  10  ]>er  rt^it  sulutJon 
of  sodium  clilorid.  Tlie  rods  are  from  0.04  lo  0  06  mm.  high.  »nd  from  o  ooib  to 
0.0018  mm.  broad,  and  exhibit  longitudinal  siriation.  due  to  drpressiona:  in  the 
axis  runs  a  line  fibril.  The  outer  acgninit  linvLka  up,  (X-casjiMially,  into  numerous, 
exceedingly  iinc  traiii'verst  discs.  Krausc  found  nii  ellipsoid  body,  the  "rod- 
cUipsoid.  at  the  junction  of  the  outer  and  inner  rod-wymcnta.  The  liaak-sbaped 
cOne«  are  devoid  of  visual  pur^ile;  the  outer  .<tecinent  exhibilg  also  longitudinal 
striation,  and  breaks  ui>  readily  into  transverse  discs.  In  the  mncula  lutea  (the 
yellow  pigment  of  which  lief  only  in  the  outer  rvtinal  layera,  and  not  in  th«  cones) 
cones  alone  are  present;  near  the  maeida  each  cone  is'  surrounded  by  a  garland 
of  rods.  The  greater  the  distance  from  the  macula,  the  fewer  are'  the  cones. 
Nocturnal  animals  (tnvl  and  bat)  iiojjwwi  Hthcr  no  cimes  whatever,  or  only  im- 
perfect forms  In  birds  the  retina  has  many  cones,  in  the  lieard  cones  alone.  The 
rods  and  cones  n-st  on  the  iicvc-UVc,  fcnesiralcd  external  limiting  mrmliranc 
(/.r) ;  both  send  procv!««:5  through  the  openings:  the  cones  to  the  li»ri:k-r  cone- 
granules,  and  those  lying  at  a  higher  level,  the  rods  to  the  trans^'crsely  strtalcd 
rod-granuloa.  The  grinules  belong  to:  (a)  The  outer  nuclear  layer  (<jw  K);  this 
and  all  the  succeeding  layers,  are  designated  the  cerebral  layen.  There  then 
follows:  (3)  The  narrow  "outer  reticular  fgranuiar.  pk-xifonn)  layer  (4)  The 
inncrnuclear  layer  [inKi.  The  nuclei  re]irrsent  bipolar  ganglion -cells  (ganglion 
of  the  retinal  and  arc  called  n'd'Hpi'lan  or  ctus,:bip\>itirs.  whose  course  is  sltown 
in  Fig  iGi),  E.  Each  bipolar  sends  out.  in  addition,  a  tine  fiber  bctwui.-n  Ihe  vin- 
ual  cells,  and  ends  with  a  punctate  knob  near  the  tiiuitin^  nicmbriine  Ganglion- 
cells  without  demonstrable  neurit  es.  called  am acriite  cells,  arc  of  unknown  nature. 
is)  Tlicinner  reticular  (granular,  plcxiforml  layer  (in  gr),  (fc)  Gaaglion-eell  layer 
(ganglion  of  the  optic  ner\-t)  iOgt}.  Finally;  (7)  The  layer  of  optic-ncrvc  fjljcrt 
{d),  which  is  next  lo  the  intomal  limiting  im'mbrane  (/-i).  According  to  Salxer 
then  arc  in  all  ^jS.ooo;  according  to  W.  Kraufc.  how<-ver.  400.000  broad  nnd  an 
ec[ual  number  of  the  lineat  oi;itic-nen.'e  fillers  For  each  h!>er  there  arc  7  or  S 
cones,  about  too  r<«ls.  and  7  pigmented  cells  (o(  ihe  choroid).  The  libi-nt  are 
naked  axis-cylindc-ra ;  they  are  absent  in  the  macula  lutea,  wherr.  however,  the 
gangUon -cells  arc  numenius. 

The  newer  investigations  have  sihown  that  there  is  no  uninterrupted  fibcr- 
conneclion  lietwcen  the  rods  and  cones  ami  the  oiittc-nt-r^c  libers.  .According 
to  Ram^  y  Cajul  (Fig.  169)  the  fibers  anwng  from  the  rods  (n)  end  in  the  outer 
reticular  layer  (C)  as  tinylenob*.  after  passing  through  the  outer  nuclear  laverCd); 
the  core-litwra  below  the  cone-granulce  (e)  like  unraveled  threads  (t).  The  In- 
poiar  proceaaea  of  the  internal  nuclear  laj-er  (e  E)  break  up  into  fibrils  in  the  outer 
reticulnr  layer  (C)  and  in  the  inner  reticular  l.iyer  (F),  which  arc  wily  appnixi- 
mately  in  cor  tact,  r^i  the  one  hand  with  ganglion-cell  processes  (rl.  on  the  irther 
hand,  with  the  elements  in  the  outer  reticular  layer  (C»,  From  each  ganglion- 
cell  (i.  k)  an  axis-cylinder  process  is  sent  ofl  oenlriin-tally,  while  one  or  more 
dendrites  enter  the  inner  reticular  layer.  The  optic-nerve  tibcr^  contain  also 
a  number  of  centrifugal  tibcis  (s,  a}.    Tlic  further  course  of  the  optic  ncn'c  is 
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ditcuswd  on  p.  bjg.  BctwMn  tbc  iuro  faomoseneous  limiting  mrmbnuics  (hi  a»d 
Lt)  lies  the  supportini:  tisstic  <){  tbc  retina  (not  truv  conncclive-lissue).  It  la- 
dudes  tht^  su|iportiii(;  tiVx-rs  of  MiiHcr  (Vi^.  sfil^.  Rj).  which  cuntoin  nuclei  (Jlr) 
and  pxM  thrvnish  all  ihv  ctrclfml  Uyers,  wid  «id  in  cxparirJi,ii  icriniiiati<>«(  »l  the 
iiUcmal  liniitm!;  numbrane  {Hi!).  In  additipn,  the  suppoTting  Tisiiic  [onHs  a 
Tiilworlc  throughout  nil  the  rrtinnl  UycrB,  with  opcniop  for  tbo  pt-nt-tratinjj  ner- 
vous okmrnte  (Sg).  In  th«oiittT  rcii'ciiliir  lajw.  thtrc  an-  aiwi  Imicm-d.  imnly 
iiuoleated  supporting  cells,  with  long  prcces&es.  and,  at  the  optic-nm'e  rtiiunce. 
uliii-cc'lk.  Ilir  mmr  ihk«"iiI'*  of  the  roil.i  aJid  cones  arr  also  >utroundcd  l>y  a 
hfiskct-likc  suppnrtinjj  ti^ut:.  Jn  ihi:  nerve- 111 ht  Iftycr  thert  iin-  flat.  »tdliilc  cells. 
From  llic  ora  errata  forward,  the  ictinii  ticcomes  suddenly  thin.  and.  as  the 
dltary  porliim  of  the  n-tina,  cjnsists  only  of  a  layer  ol  cylindrical  c«ll6,  which 
seems  to   have  arisen  liotn  the  cvalcKcncc  ■>!  the  two  iiudvar   Uycn.  and  is 
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covered  on  the  inner  side  by  the  limiting  mcnihniiw 
of  the  iris,  u  roniimiation  uf  the  internal  Iimiiing 
mcRibranc  »(  the  retina.  This  laver  extends  to  tbc 
posterior  surface  of  tJic  iria,  aa  the  iridic  portion  of 
the  n-iina. 

The  hlfwi-vi>sielt  nf  the  retina  lie  in  the  inner 
layert.  as  far  oiitwani  (w  th«  initer  nuel«i.  Tlity 
eninmunirat  e  with  Die  choroidal  vessels  only  bj-  fine  branches  ai  the  ofiUc- 
nervc  i-mrance;  thej-  are  surrounded  by  perivascular  lympb^aimrU  The 
Rrealer  number  of  the  capillaries  run  intemally  t"  the  inner  nuclear  layer 
The  fovi-a  centralis  has  no  vessels  Except  in  the  mammalia,  the  i-el,  and  several 
of  the  tortuisc  family,  the  mina  contains  no  vessels  at  all.  Destniciiim  of  the 
retina  causes  blindness. 

The  fresh  retina  has  an  ticid  reaction,  but  becomes  alkaline  if  kept  m  tbc 
dark.  The  rods  and  eonc*  contain  alKvmin.  tieurokcTfttin.  nticleir.  and  coiwrcd 
<ri|. (I lobules  (in  the  cones):  so-cnlled  chronvophan*s.  The  other  layers  have  thc 
saree  constituents  as  the  gray  matter  of  the  brain. 

The  Ivns  it.  enclotk-d  in  a  transparent,  elsfltic  capeul^.  which  is  ihiekeranienort}' 
thjin  pmieriorly.  ant]  is  lined  on  tl]e  itiniT  surface  of  its  anterkir  portion  by  a 
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layer  of  low-.  cuboJda)  «Ils.  Tott-ard  the  equator  of  th*  lens  these  celt*  become 
dongau-d  initi  nicnonudeateiJ  lilx-n;,  all  of  which  liL-iid  around  tliu  marj[in  of  the 
lens,  ant!  mrvt  on  Itnth  siilcB  nf  the  lens,  llK-ir  ends  f"rmiiigj«  siclliitc  fipire  (icnK- 
stari.  and  being  held  together  bj-  a  cement -subsiance  The  lens-fibers  contain 
globulin,  enclofccd  in  a  sort  of  Hheath.  They  are  flattened  mutually  inlo  hex- 
asonal  fillers,  thow  of  the  cerljid  layers  haviiiK  their  edges  intcriockcd  by  means 
of  toothed  projections. 

For  the  s^kc  of  simplitiiy,  the  lens  may  be  c-nsidervd  as  a  biconvex  body, 
with  spherical  surfaces,  the  poiierior  surface  havmu  the  Rroaior  curvature.  Tfie 
anteriiw  surface,  hi«\-ever,  really  repiesenm  a  part  of  an  ellipsoid,  produced  by 
rotation  nl>Out  the  short  nxiB.  The  pom.erior  surface  TescmbUs  the  ".xrticaJ 
section  of  a  paraboloid,  that  is  it  may  be  considered  as  produced  by  the  rotation 
of  a  parabola  about  ila  axis.  The  witer  layers  of  the  lens  have  a  lower  index  of 
refraction  than  the  more  internal  layers.  The  wrntral  nucleuR  is  of  ([rcater 
density  than  the  lens  as  a  whole,  and  it  is,  at  the  same  lime. more  convex.  The 
edge  of  ihc  lens  is  always  octiantted  by  an  interspace  from  the  ciliary  process. 

The  zonule  of  Ziim,  whicn  arises  from  the  ora  scrrntu,  is  ap[)lied  to  tlic  ciliary 
portion  of  llic  choroid  m  ihc  form  of  a  niD^cd,  folded  membrane,  in  such  a  way 
that  the  ciliary  processes  occupy  its  folds,  and  are  attached  to  them  It  then 
passes  to  the  edjp?  of  the  lens,  on  the  anicrior 
portion  of  which  it  is  inw-Ttcd  in  a  vavy  man- 
ner.  Hehtnd  the  zonule  of  Zinn.  reachln); 
to  the  \'itreouE  liodv',  is  the  canal  of  Petit, 
The  »onule  is  a  fibrous  fenestrated  inem- 
Ijrane:  acconlinEtn  Mcrfcel  ttnd  H  Virchow. 
the  canal  of  Petit  also  is  occupied  by  exceed- 
ingly fine  tibcrs;  it  is  conscqut-ntly  nol  a 
true  canal,  but  *  complicated  syatem  of 
communicating  «pncc»  The  xonule  i»  alu-ays 
strrtchr<i  and  keeps  the  lone  in  position,  'so 
that  it  may  be  considered  as  the  suspensory 
ligament  of  the  lens- 

Opacities  of  the  lens  (gnty  cataract)  hinder 
the  entrance  of  rays  of  light  into  the  eye. 
The  abwnce  of  the  lens  (aphaVial.  fnlUiwinjt 
operations  for  cataract,  m«y  be  compcnsntcd 
by  the  use  of  strong  convex  glaases.  Such  an 
cye.ofcourae.  possesses  no  power  of  accom- 
modation. The  len«  contains  albuminoid 
l)oilieK.  WMne  of  which  an-  Milublc  in  water 
and  sodium  ehlorid  (chiefly  ulnbulin  and  some 
albumin)  and  some  insoluble. 

The  Ttuaous  body  is  invested  by  the 
transtiiircnt     hjidoiil    membrane,    the    outer 

surface  of  which,  as  far  fomard  as  the  oni  serratu  is  in  contact  with  the  internal 
limiting  membrane  of  the  retina.  From  lliis  point  forward  tlic  meridional  fibers 
of  the  xonulc  of  Zinn  arise  between  the  two,  and  are  adlicrent  to  tlie  surfacu  of 
the  vitreouii  and  to  the  ciliary  pron-ssea,  A  canal,  t  mm.  in  diameter,  the 
hyaloid  cannl.  runs  from  the  (>ptic  papilla  to  the  posterior  surface  of  th<^  lens; 
in  fetal  life  it  is  ncctipied  by  blood -vessels.  The  peripheral  portion  of  the  vitreous 
Ijody  IK  laminated  liki-  an  onion.  The  central  portion  is  nouiogeneoiis.  In  the 
fomnr.  rtiM-daily  in  newborn  infant*,  there  Jirr  sphenr-il  CleiiVucytesJ.  siiinille- 
shaped.  or  sicUnic.  and  also  vacuolated  cells  of  mucoid  tissue;  in  the  center 
there  are  only  disintearated  ri-mains  of  tlicM.-  cells.  Running  between  them  are 
tiunsporciil  Iiheis  am!  l^mtllJC.  The  vitreous  body  is  selnlinous  in  character, 
and  contains  only  i.i  per  cent,  of  solids,  consisting  of  mucin,  with  lUlnuniii, 
and  traces  of  globulin  and  glutin. 

The  lymph-tracts  of  the  eye  include  an  anterior  and  a  posterior  set.  The 
anterior  is  composed  of  the  nntctior  and  posterior  chamber*,  which  communicate 
with  the  l>^nJ»h- vessels  of  the  iris,  the  cibarj'  pr«ic*-sses.  the  sclera,  the  comea  and 
tlic  conjunctiva.     The  posterior  chamber  communicates  with  the  canal  of  Petit. 

To  the  pojiierior  lynipli-s-ysiL-ni  l>elon(tK,  m  the  lirsi  place,  the  hyaloid  canal, 
and  secondly  the  large  perichoniidiil  sjiace  situated  between  the  sclera  and  the 
choroid.  The  latter  communicates  by  mcnns  of  l>'niph-vc&sels.  which  surround 
the  emerging  trunlca  of  the  vorlicoae  vewels  of  Slvnoa.  with  the  large  lymph-space 
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of   Tenon,  which   lies  bclwwn   the   sclera  and   Tenon's   capcnle.      Posteriorty 

this  is  continuous  willt  a  lyopli-sfiacc-  sunoimdiof:  ihi-  surface  of  the  optic  iicr\'c  in 
the  form  of  a  slicatlii  anU'norly  it  i»  tii  ilirrcl  I'oniiiiunicdliuii  nilli  llir  suIkxih- 
junctivnl  lymph-spocirs  of  the  eyeball.  The  optic  ntrvt  has  three  sheaths:  (i) 
The  durul:  (j)  the  aroclin'^id;  and  (3)  the  pial.  ariBiii^  from  the  corrvspondinif] 
ceivbral  cnvni brands.  Belwitii  tlicsc  three  shtiiths  there  an:  two  I vmph -spaces; 
the  sub<lur&l.  bclR-eon  i  and  a,  and  the  «ubarnchn<«d,  between  a  ontf  3  (Fig  aji). 
Both  arc  lined  by  mdothrliiil  cells:  line  trnlx-ciiln;  cxtcndiiip  from  one  wall  to 
the  other  .ire  similiirly  covered  by  cells  According  to  Axel  Key  and  Retaiui 
lIwKi?  Iyiiipb-!;pacL-s  eonimunieatc^  anteriorly  with  the  penchcroidal  cpace. 

The  aqueous  humor  resembles  cloncly  the  eercbnwjijiial  lluid,  and  contains 
albumin,  some  su^ar.  iircn  and  sarcoloctic  HCid  (which  is  present  in  the  vitrroua' 
body).  The  albumin  increases  when  the  difference  between  the  blood-preMun? 
and  the  inlrai-culsr  prcnvure  i^  autrnicnli'd.  Such  chauges  uf  prcKsun:  and  like- 
'«v-isc  intense  irritations  applied  to  the  eye  cause  the  pr^oction  at  fibnn  in  tba 
anterior  chnmbcr. 


II 


FlO.ili.— ScraoDUl  Stctinn  thraueh  Ihc  Of^lt  Strtr.  ai  iii  Eacnnc*  IWh  ibr  K)pIi*U  Through  lb»Costi  »tt , 

£^:  «  ion«r.  ^oihTrr  Insert  '1I  th,'  rri^na.  .,  th'j'TK^ui.  li.  M.li:rm^  f,  |»ti>^lii|^i:«l  tup;  /  ttntni  trtsn  of  11^1 
ntinaiDtht  MTrr:  r.  iu  iviot  o1  bilur^Alinn;  N,  Umiim  allirnu:  1.  autrrtilunl}  tllCAlb;  ■. mlUr  (WMOIM "j 
l)rn>rp)i-*rw(«-.  ■.  inner  <>ub<rii<linoiii)  lynph  ipoir:  >.  iniJJIi^  (uiUiBoid)  tbBUb;  /w  lomr  (|i>l)  rfuMfc  J 
I.  ixrvc'fibu  buudln:   k,  cunucilic-liisat  tUiDfliiliUiul}  icpu. 

The  fluid  within  Ihc  eye  is  under  a  delinitc  pressure,  the  intraocular  pmunire. 
dtiring  life.  This  depends  ultiinatdy  upon  the  T'r(-.'<<»ure  in  the  arteries  in  the 
interior  uf  the  cw.  and  mu»t  ri*c  iind  fall  with  the  latter  It  is  detcmuncd  by 
icstinft  till-  renttnnce  or  the  yielding  of  the  eyeball  with  the  fingers.  It  mav  be 
menBTired  niorp  accurately  by  an  apparatus,  the  ■■nphthalmotonomcter."  Like 
the  arterial  pre»supe.  it  is  influenced  by  mnny  eireum«taBee«,  It  is  increased 
with  ex'ery  pul«i--beai  aiid  evpry  expiraliim  and  jt  in  decreased  with  every  inspira- 
tii>n.  Tlir  elasticity  of  the  sclera  and  the  cornea  acts  as  a  regulator  with  wrry 
increase  in  the  arterial  pressure,  causing,  like  the  airKrhaoiber  of  a  fin?  etiv^ne. 
more  venaua  blood  to  In-  driven  out  wlieit  nmrr  iirtcrial  bJoo<I  is  pumped  intii  ihc 
eye.  It  is  also  important  for  the  slabilily  of  the  intraocular  pressure  that  the 
aqueous  humor  is  secreted  as  rapidly  as  it  is  abaorbed.  Inervaae  of  the  intra* 
ocular  preeowre  makes  the  cornea  flatter. 

The  secn'lion  of  the  aqueous  humor  lakes  place  w-ith  compiirativc  rapidttv ,  a  fact 
that  Landoin  proved  by  theappcnrnnce  f^f  hemoBlfbin  in  iheanteriorchamberM  a 
dog  half  an  hour  after  ihc  introduction  of  free  hemoglobin  (iranEfunon  of  lantb's 
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blood)  in  the  blood  ot  tbe  dog.  It  takes  pl&c«  more  rapidly  if  the  aqueous  humor 
is  previoudy  ix'tndvod  fnini  the  chamlipr  through  a  comnil  wound.  Elirlicli  utvd 
fluorescein  for  the  stwdy  <ff  the  mo^cmcnis  of  the  fluids  within  the  eye.  This  is  an 
innocuoiLH  .-tuljnLancc  which,  wlu-n  introduced  into  ihc  body,  penetrates  into  the 
fluids  of  the  eye,  and  may  lii-  r<;co);niKe(l  l>y  its  greenisl]  fliiorcicence  in  rcflecUd 
light,  even  m  ii  solution  fi  i  part  to  twy  million  pnrts  of  water.  From  observations 
on  the  entrance  of  tliis  suti&tftnce  into  the  nqucous  humor,  it  is  now  assumed 
Ih&t  the  eiliary  body  ia  the  secreting  or^n  forth«  Aqucoua  humor,  whieh  jiHssrs 
throuBh  the  pupil  into  the  aim-nor  chamber. 

Section  of  the  cervical  symiihwllietic.  nnd  still  more,  that  of  tlie  trigeminus, 
accelerates  the  lecreiion  of  the  aqueous  humor,  but  (lecTeAscs  its  amount. 

The  cornea  peniiil*  ihe  ciiirarce  of  fluid.i  into  the  anterior  chamber,  for 
exiinjple  JitTOpin  and  tliiorescnn . 

Tnc  excretion  of  ihc  ntiueous  humor  taVcs  place  by  liitnitiun  in  the  angle  nf 
the  anterior  eiiambcr;  it  pasde&  ilitousii  the  clefts  of  the  spaces  of  Fontann.  which 
communicate  with  the  anterior  chamber,  and  enters  the  vessela  of  the  circular  canal 
ftf  Schiemm,  which  lit*  directly  tm  their  outer  side  (pUxus  eiliaris  cciajB*  in 
animaU)  Kone  puecs  through  the  cornea,  althouifh  some  is  imliilwd  by  its 
posterior  layers,  which  are  thus  nourished,  and  then'  are  no  special  lymph^eessvls 
ro  remove  it  (roin  the  anterior  chamber. 

Under  normal  circumBtanceK.  Ihe  presBun-  is  the  same  in  the  \"itrcoua  as  in 
the  aqueous,  although  atropin  seems  to  increase  the  pressure  in  the  former,  and 
to  decrease  it  in  the  latter,  while  phy.sostignia  has  the  opposite  at-tion.  Arrest  of 
tbe  (tutfltiw  of  the  viitous  Ittnud  oflx-ii  increa.ie.i  the  prrnnure  in  the  viti'coun.  and 
decreases  that  in  the  aqueous.  Compression  of  the  eyeball  from  \«*ithout  will 
cause  more  fluid  to  pasi  out  of  thi-  eye  temporarily  than  enters  it.  The  dctrcftsc 
of  the  intraocular  presaure  after  section  of  the  trigeminui  is  striking;  lil.'ex\-ise  its 
increase  upon  irritation  of  the  same  ncr\'e — facts  uftcn  oh»ereed  by  fjuidois. 
The  stulemenlE  with  rc(!ard  to  a  possible  analojiinis  actirjn  i.f  the  sympathetic  v.iry. 
Interruption  o(  the  outflow  of  venous  blodd  raises  the  pressure;  an  insufficient 
Kupply,  auociated  with  a  normal  outflow,  decreases  the  preuure.  The  inuervaticra 
of  tne  vessels  of  the  cvxluill  is  discussed  on  p.  684- 
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The  eye  is  comparihlc  a.-!  an  oplicnl  appor.ntus  to  the  camera  obscura.  In 
both  a  diminished,  inverted  image  of  objects  of  the  outer  world  is  found  on  the 
background  (the-  projection-surface).  Instead  of  the  simple  lens  of  the  eamera, 
however,  the  eye  pcismew**  several  refractive  media,  Viehind  one  another:  cnme.i. 
aqueous  humor,  lens  (the  several  narti  "f  which;  capsule,  cortex  and  nucleus,  also 

fiossess  different  refractive  indices),  and  \-itrcous  body.  Each  medium  is  seDoratcd 
rom  the  one  next  to  il  by  a  rcfacting  surface,  whiih  in  a.^.-imned  to  be  splierical. 
The  projw; lion- surface  of  the  eye  is  the  retina,  which  is  colored  by  the  visual 
purple-  As  this  substance  is  bleached  chemically  by  light,  so  that  tlic  iiiuigcs 
may  even  he  fixed  temporarily  on  the  retina,  the  companaon  of  the  eye  to  the 
camera  is  still  more  striking 

In  order  that  the  i>aiuage  of  the  Uifht-raj's  through  the  media  of  the  eye  may 
I>e  ,Tccurately  followeil,  the  foUowirK  facliirs'  must  be  known:  (j)  The  refractive 
indices  of  the  media;  (i>  the  shape  of  the  refracting  surfaces;  (j)  ilie  distance 
of  the  variiJiis  tiii-dia  from  each  other  and  fmrn  tin-  prnjeet  inn -surface. 

The  action  of  a  cmivt-x  lens  will  first  be  cimsi(UTi.'d,  There  arc  to  be  distin- 
guished in  such  »  lens  the  centers  of  cu^^■atu^e.  that  is.  the  centers  of  the 
two  &phertca]  surfaces  (Fig.  aji  I,  m  n)|).  The  line  cunnecting  these  puinLs  is 
called  the  princip&l  axis:  the  center  of  this  line  is  the  optical  center  of  the  lens 
{Cf).  All  rays  that  psi*  thr-ju^h  the  optical  center  of  the  lens  (and  which  may  be 
eoimtless)  pots  thrcmgh  unticni  They  are  called  principal  ravs.  or  secondary 
axes  (ii,y  The  following  laws  governing  the  refraction  o(  rays  by  convtjc  lenses 
must  be  iniienibered : 

I .  Kays  fallin;^  vn  the  leim  parallel  to  the  principal  axis  are  so  refracted  that 
they  meet  on  the  opjiosite  side  of  the  lens  at  a  point  that  ia  known  as  the  focus 
or  principal  focus  (f)  The  distance  of  this  miiiit  from  tlie  optical  center  of  the 
lens  (O)  is  culled  the  focal  distance  (f  O)  of  llic  Vns.  The  converse  of  this  pn>po- 
tition  is  evident:  Rays  that  diverge  from  the  pnncipal  focus,  and  strike  the 
lens,  become  parallel  10  tb«  principal  axis  on  the  opposite  side,  and  do  not  meet. 


Ba4 


PRKUMINARV   DIOPTRIC  CONSIDERATIONS. 


7.  Rays  prticrcHing  from  n  poinl  (IV,  I)  in  the  prolonged  principal  aaus  Iwyon*! 
Ihr  (irincipal  Uxvts  (0.  arc  rmiicd  at  n  point  on  tnc  nuuusitu  siilr  of  ihe  Ions  (v> 
(conjugate  (ocuh).  The  fonriwin^  contlilionit  ar*  posoblt:  (a)  If  the  ilislancv  o( 
[he  pfiini  of  light  (nmi  iIk-  Iviis  is  timiliU-  thr  (ikbI  dixTancc,  the  conjugate  lociut 
is  at  «n  ci|ua!  distiincc-  <>n  iht-  opposite  siile  (ilrmlilc  the  fortil  dirtianct-)  {b)  A» 
the  point  of  lichl  moves  neanr  tlic  lena.  the  conjugate  focus  moves  funlKT  avcny. 
{c)  If  till-  point  of  li^ht  Ln  inori-  than  drniblc  the  focal  distance  irom  tbc  )cn»,  the 
cynjwSittc  focus  is  com-KwomiinKly  closer  to  the  Ims, 

s.  K.-iyt  that  pmc>'e<!  (n-'iii  wpoint  in  th<:  principal  oxi*  {\\i,  hi  withtD  the 
fi>car  iJiManoe  are  rendered  leis  mvergent.  hut  do  not  mt-et  anuit:  convenwly, 
rays  that  converge  an  a  cojivex  lens  are  united  at  a  point  wHtnin  the  principal 
focal  distance. 

A  If  Ihe  puint  of  light  <V.  a)  tips  in  a  secondnr)-  axis  (a  b)  the  aame  laws 
hold  jjood.  provided  that  the  angle  made  by  the  9econd«r>'  axis  with  the  prin- 
cipul  axii  is  Mnall. 
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Forau^iea  «l  Image*  bjr  Coofcx  Lcnae*.— After  what  hu  I>een  Mitl  about 
the<onjvg«t«  foci  of  rays  procMdiag  f fom  a  point  of  lieht,  it  is  eMj'lo  coaatntct 
the  imafcc  of  an  object  produced  by  a  convex  leni     This  is  done  simply  by  j       ' 
jfcting  the  images  of  variou*  pKints  of  (he  ohject.      For  example  (in  \)  b  is 
viously  the  image  of  th*-  jmint  »  of  the  otijeet .  v  the  image  of  I;    the  picltire  m\ 
therefore  imvrtcd       Convex  lenses  form  inverted  and  real  ttnaizes  (apcm  a  serevn)] 
only  of  duch  obitcts  ai  are  situated  beyond  ihc  principal  focus  of  the  lens. 

With  regurJ  to  the  sixe  ant)  distance  of  the  imajii-  fmm  the  leiix.  the  fiill»witi| 
conditions  are  to  be  noted:  («)  If  the  nbjcci  is  ilouble  the  focal  liistonce  froi«_ 
the  lens,  its  image  is  of  the  same  siie  as  the  object  and  at  an  e(|vutl  distance  ftuntj 
the  lens,  (fr)  A»  llie  object  approaches  the  principal  focvis.  tlic  imaxe  recede*' 
and  at  the  same  timt  becomes  larger,  (r)  On  the  other  hand,  if  the  object  t* 
more  than  double  Ihe  focal  distance  fiwn  the  lens,  the  image  approaches  the  lens, 
and  at  the  same  time  becomes  smaller. 
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The  diMwiM  of  the  imitgc  from  the  lens  may  he  readily  calculntcd  hr  ihc 
foUfwinii  formuln,  iti  which  I  ivprt8<^l»  ihe  distance  of  the  point  of  li^t.  6  thv 
dinlancc  of  the  imagf.  and  f  the  focal  distance  of  the  lens: 

~r*T     r  "^T   -r~T 

ExmtfUs:  Let  1  -  »4  em.,  f  -  &  cm.  Then    '    _'__'_  J_-  tbereforc 

h         6         14         H 
b  -  8  cm.,  that  is.  the  image  is  formed  S  cm.  hcliind  the  len».     Further;    l-ct 

I  -  la  cm.,  f  -  s  cm    (or  1  -  jf).      Then    '-  -    '  —  J_  -  -i.;  ihun-fore  h  -  10 

b  5  10         10 

cm.,  that  is, The  imagv  ia  double  the  focal  distance  from  the  len«      Kinally.  let 

I  ~  ••.    Then      -  —  _  —  — ,  or  h  —  f.  that  is.  the  fixnjji  far  punllel  rays,  coming 

fmm  an  iiilinii*  tlulaiice.  is  in  the  principal  foi-tis  lif  the  lens. 

Index  of  Refraction,— A  ray  oftiglit  [laxsinK  frifm  one  medium  to  another 
medium  of  dilTcrcRt  dcnaity.  in  a  ilin-ctinn  perjLicijdicuIar  to  the  Kurface.  passes 
through  the  latter  without  chanriiiE  iis  direction      If,  therefi^rx-  (Fie.  ajO  G  D 
IS  perpendicular  to  A  B,  then  DD  is  albo  fierjjemlicularto  .\  B.     For  a  horizontal 
surface  A  B  the  axis  of  incidence  is  the  ■vertical  Unc  G  D.  while  for  a  s(:heriCAl 
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surface  the  axis  of  incidence  is  the  pnilonijed  radius.  If  the  ray  of  light  strikes 
the  surface  obliauely,  it  is  refroctca.  that  is  deflected  fnim  its  orijrinnl  dircctioo. 
The  incident  and  refracted  rays  lie.  however,  in  the  same  plane.  If  the  oblique, 
incident  ray  passes  froin  a  rarer  medium  to  u  dmAcr  one  (for  example,  from  air 
into  water),  the  refracted  rny  is  delUctcd  toward  the  pcTcndicular.  Conversely. 
i(  the  roy  pa«sc3  from  a  denser  mectium  into  »  rar^-r  one,  it  is  HeUkXtcd  away  from 
thi;  perj't-iidicular  The  angle  that  Ihi-  incident  lav  (S  D)  forms  with  llJe  per- 
pendicular (G  D) ,  (angle  i)  is  called  the  angle  of  indrfence.  The  angle  that  the  re- 
iniclofi  ray  (IJSi)  forms  with  the  prolfmged  prrjHiultetilar  (D  I))  is  called  ihe 
angle  of  refraction  (angler).  The  degree  of  the  refract ii.-n  is  expressed  bv  the  index 
of  refraction  <or  exponent  of  refraction);  it  is  represented  for  each  sul>stance  by 
the  relalion  of  the  sine  of  the  angle  nf  incidencr  to  the  sine  of  the  angle  of  rffrac* 
tion  of  a  ray  passing  from  air  into  ihnt  substance.  Thus,  n  —  sfni-  i  :  sine 
r  —  a  b  :  c  d.  In  comparing  tht  indices  of  refraction  of  two  media,  it  is  assumed 
that  the  ray  of  light  passes  from  the  air  into  the  media  In  paieing  from  air  into 
water,  the  rnv  of  hght  is  deflected  10  such  a  degree  thai  Ihc  ratio  of  the  sine  of  the 
angle  of  incidence  to  the  sine  of  the  angle  of  refraction  is  as  4  :  y,  the  index  of 
refraction  ia  therefore  }  (more  exactly  -  t.336).     With  glass  the  ratio  ia  3  ra 
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(aote  cxactlv  thv  ind«x  of  rd'rAction  is  isj;).  The  sines  r>f  the  angles  of  inci- 
denee  and  refraction  ore  in  the  rame  ratio  at  the  vdocilies  n-ith  which  the  raj's 
of  li^t  [xws  thri«H!h  llic  twi>  nic(li:i. 

The  rpfractcd  ray  is  tbcrtforc.  pasily  consimctpd.  if  the  indices  of  refTsction 
arc  known.  Example:  Let  L  (Fig  J-4)  represent  the  air,  G  a  denser  medium 
(kIw-h).  vrith  a  spherical  aurfact-,  x  y.  lhet«iur  »(  whicJi  m  at  m;  PO  n-jircsent* 
Ilir  DHi<|iK'  indJcnt  rn>':  m  Z  is  then  the  iixin  of  incidrnci;,  and  ihc  ui^e  i  the 
angle  of  incidence.  Ltt  the  indeji  of  refraction  be  {;  what  is  the  direction  of 
the  refracted  riiy? 

tVitMfruj-(i\>«'^Dra«i-  »  circle  of  any  radiiw,  with  its  center  at  O;  then  from  •! 
draw  n  line  a  b  perpendicular  to  i.hi>  axis  of  incidence  m  Z;  then  a  b  is  the  S)R£  of' 
the  angle  of  incidence,  i.  Divide  the  line  a  b  into  t  equnl  ;>ans.  and  prolong  it  a 
distance  equal  to  two  o(  Ihe^e  parts,  that  is  To  P.  Now.  draw  from  Pine  line  Pn, 
parallel  to  m  Z.  Then  the  line  joinin);  the  l»o  potntK  O  and  n  i»  the  dim^tion  of 
thcnfracled  ray.  If  the  linen  sis  drawn  perjiendicular  tom  Z.ns  ■  b  P.  Further, 
na  —  the  sine  of  the  niiglc  r.  According  to  the  construction,  eb  :  so  (or  ;  b  P) 
—  3  :  1,  or  siiic  !     mdv  r  —  J. 

Optical  Cardixittl  Points  of  a  Simple  CoUecliiit  System.— Two  refructivc  mettJi 
(Fig.  375.  L  and  C).  which  arc  wparatcd  from  each  other  by  a  spherical 
(abj,  form  a  simple  collecting  Rysiti'tn,     From  ft  knowledge  of  certain  propertivt^ 
of  such  a  system,  it  is  easy  to  construct  an  incident  ray  from  the  first  medium  (L) 
Ktriking  Ihc  >v|>aTiiling  Mirfiice  oMitpiely.  and  also  its  directiim  in   the  second 


«. 


«, 


KtO.    M(, 


medium  G,  ns  wvU  as  to  determine,  from  the  position  of  a  luminous  point  in 
lirsl  medium ,  the  position  of  its  image  in  the  second  medium.  The  roqmsite  proper- 
ties and  points  of  such  a  .Mmple  collecting  system  are  as  follows: 

L  (FiK-  275)  is  the  liret.  jind  G  ihc  second  medium ;  ah  is  the^herical  nirfao 
iii-psrating  ihem,  and  m  its  crnicr  of  curvature.     All  ladii  drawn  from  m  toa1 
(mx.  m  i>i  are.  of  courw;,  iicnna]  to  tht  surf««-,  so  that  all  r*yi>of  light  coming  il_ 
the  direction  of  the  radii,  must  pass  throuRh  m  without  deviation      AH  such  raysl 
are  called  axial  rays;  and  m,  their  point  of  interceclion .  it  the  nodal  point.     Thcf 
line  that  connects  m  with  the  vertex  of  the  spherical  surface  (x)  and  is  prolanj 
in  both  directions  is  called  the  optical  axis  (O  Q(.     A  plane  (E  F)  erected  periN 
dicalar  to  O  g  at  x  is  the  iirtncipal  plane,  and  x  is  itxpiincipal  point.     Tile  fullow- 
ing  facts  have  ln-en  clilcmiintd; 

(i)  .\11  rays  (from  a  tooil  that  fall  upon  a  band  are  parallel  to  each  other  andi 
to  iht-  Djitic  axis  111  the  lirsi  incdiiun  will  be  wi  detlccitd  by  the  si-cand  Rii'diumj 
that  they  arc  uuiUd  at  one  point  <p,)  in  the  latter.  This  point  tscal!c<l  tl  .  ....  r.i,.l' 
princiDol  focus.  A  plane  erected  at  this  point  perpendicular  to  O  Q  i^ 
iccono  focal  plane  IL"   U*       [1)  All  mys.  (fri-ni  <  to  e^  that  arc  parall.  h 

other  in  the  first  mtdium.  but  not  parallel  to  OQ,  are  reunited  at  a  pUui  lo  1^4 
second  focal  plane  (r)  at  the  intL-rKcction  of  the  undeflected  axial  ray  (Cjin  r)  with 
this  plane  (the  aii^le.  Vwcvcr,  thai  the  rays  from  c  to  c,  make  with  O  y  must  U 
small).     The  converse  of   pnojtositions  i  and  3  is  also  true;    the  rays  divtrginj. 
from  p).  and  direeitd  toward  a  b.  continue  through  the  first  medium  parallel  io^ 
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cuch  otbcr  and  to  the  axis  O  Q  (from  a  to  aj;  and  the  rays  coming;  trom  r  run 
parallel  to  each  other  in  the  first  medium,  but  not  parallel  to  the  axis  O  Q  (from 
c  10  Cj).  (3)  All  rays  in  the  wcttid  medium  Ihal  arc  pwrallcl  to  each  other  (from 
L  to  bp  and  to  ihe'axis  O  Q  are  united  at  a  point  in  the  first  medium  (p>.  the 
tirst  pniicijial  iucus.  (iho  eoavcrse  of  this  proptwuion  in  lU&olruf).  A  plane  erected 
at  this  point  penjcndicular  to  0  Q  is  knovfii  as  ihc  finct  f<»Ciil  plane  (A  B).  The 
radius  (m  x)  of  ihc  refracting  eunace  is  equal  to  the  difference  between  the  dis- 
lanrcs  uf  the  principal  focal  points  (p  and  p,)  from  the  principal  point  (x) ;  hence 
m  X  -  pi  X  —  p  s. 


FlK.  arA. 


1.  From  a  knon-lcdec  of  these  simple  relntions  the  directioa  of  Ihc  refracted 
rar  may  be  constructed.  Let  A  (Fig.  376)  be  the  lirst.  B  the  eccood  medium^ 
c  a  the  spherical Burf ace  between  them;  a  b  the  oplicaj  axis,  k  the  nodal  point,  p 
the  £rst  and  p,  the  tecond  principa]  focus ;  C  D  the  tecond  focal  plane.  If,  now, 
X  yift  the  direction  of  the  incident  my, what  is  the  direction  of  iBc  Tcfractcd  ray 
iti  the  second  medium? 

Cmtstnitliifii:  Draw  tlic  imdeviated  axia]  ray  P  k  Q  parallel  to  x  y.  Then  the 
lino  yO  must  he  the  dirt:-<;lion  of  the  refracted  ray  (according  I  o  proposition  1). 

3.  Constniciloa  of  the  Imago  of  a  Glres  Point' In  an  Ob)ect.~{Tlic  letters  A.  B. 
G  d,  a  h.  k.  p  and  p„  C  Ti,  in  Fin-  277  haw  thi-  tame  dt-KiKtiations  as  Ijcforc  J  If 
now  a  point  of  light  be  given  at  o.  where  will  be  its  inuice  in  the  second  mcdmm? 

C9ttstni4lwn:  Draw  the  undcl^ected  axial  ray  ok  P.  Then  draw  the  ray  ox  par- 
allel to  the  axis  a  b.     The  purallel  rays  a  «  and  o  x  arc  uuitcd  at  p,  (according  to 


Nj. 
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I  o  k  in  the  scfi'iid  lucdium,  cuiiwrniviillv  at  I', 

I  Construction  of  the  Refracted  Ray  and  of  the  Image  when  Several  Refractive 

■  Med  -       -      . 

■  the 
I  deu 

■  dea 

■  bc( 

■  stni 


proposition  i).     If  x  p,  is  pr()lnnji.'c(!  imtil  it  tntrrsertin  the  ray  n  P.  P  is  the  imaf;e 
of  the  poini  o, for  the  image ivill  he  siluaiedol  the  imcrscetion  of  the  rays  ox  and 


Bfedia  ore  Preaent.  —If  Kcver.ii  ri-froetivc  media  are  placed  ttehmd  otic  another, 
the  constructinn  must  he  made  from  medium  to  medium  in  the  miinnrr  alrciidy 
detcribed.  Tins,  however,  would  be  a  trtAibtesonie  prncedure,  eGpecially  in 
dealing!  with  snvtM  ob^ectv.  In  1840  Guun:  calculatt-d  (Vy  methods  that  cannot 
be  explained  in  an  elementary  treatise)  that  in  all  such  cases  the  methixi  of  con- 
struction may  be  greatly  simplified,     tf  the  media  arc  "centered."  that  is  if  all 
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have  the  same  optical  axis,  uich  a  syttem  may  be  re|>reitent«d  b^  two  surfacra 
having  equal  inJicfs  of  n-fniction,  separated  oy  a  dtlinite  diKtann-.  The  nys 
ihal  fall  iin  ihc  first  siirfiicc  nrc  tml  rcfrattrd  by  it,  Init  are  only  displiiml  latcnUly 
and  run  parallel  to  llieir  onginal  dircfiion  aA  far  as  the  second  eurfaec.  TTie 
refraction  takes  placuat  ihin  point,  aud  in  the  sarav  way  a»  previously  conHtractrd: 
that  U  as  if  only  <rtip  rcfractinK  (iirfncc  n-crc  prcwnt  tor  this  calculation  the 
indices  of  refraction  of  the  mcnia.the  radii  of  ihc  r<-fractinjj  gurfftccs.  nnd  finally 
the  distAnco  b^twM-n  thcsp  surfActs  m\ist  hp  known  hut  this  subject  cannot  b« 
discussed  in  any  further  detail  here.  The  refracted  ray  is  com&tnicted  in  tb« 
(oIloninK  numoc-r.  Lt-t  a  b  (Fig,  ijS.  I)  rcpri-w-nt  the  oinjc  axin.  H  the  firBt 
principal  foctis  determined  b>'  citkulalion.  h  h  the  first  principal  plane,  H, 
the  second  focal  point,  h,  hi  ihe  second  priticipol  plane,  k  the  lirst  nodal  point. 
k,  the  Hecond  nodal  i)i»nt,  F  thv  second  principal  fociut,  and  Fj  F.  Ihc  second 
ff>col  phiiic,  l^t  m  n  be  the  direction  of  the  incident  ray;  what  is  tne  directioo 
of  the  refracted  ray  ? 


V... 


Ii  h 
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Conttruction:  ]>isplacc  the  raym  n  parallel  "nith  itself  as  isiDi.  to  the  second 
principal  plane.  Now,  draw  the  line  p  k,,  ]>arallel  to  m,  n,  Accordins  to  rutc 
1,  p  k,  ana  m,  n  must  intcrj<-ct  at  a  point  of  the  plane  P  P|.  Ab  p  k.  paM«« 
thronjih  unrefracted,  Ihr  my  from  n,  must  likewise  pass  thrOHghr;  and  n,  r  is 
Ihercftire  the  direction  of  the  refracted  ray. 

Construction  o(  the  Image  of  a  Point. — Let  o  (Fig.  j78,  II)  represent  a  point 
of  liffht ;  i^heit^  ix  lite  im.iKf  •>(  Oan  point  ui  ihe  lait  nieaiuniF  Draw  from  o  the 
axiiil  ray  o  k.  and  make  ■>  x  p.-inilli-l  to  i%  h.  Displace  both  rays  parallel  lo  them* 
selves  lo  the  second  principal  plane:  ihen  draw  m  k,  parallel  to  o  k,  and  prolimg 
o  X  to  u,  Thi.-  ray  p^itallfl  lo  ub  pa^es  through  F:  nik,.aa  the  axial  ray,  in  not 
refracted.  Tlic  ima>^'c  cf  the  ytAiit  n  will  be  found  at  the  point  of  inlemctaofl 
of  the  prolongrd  r.-iVR  n  F  .md  m  k,  (nt  O). 

Those  conetnictions  are  not  a|>plical>le  to  objects  that  arc  at  som*  distance 
froiB  the  optieal  axi^.  For  mch  a  condition  tlie  eye  is  mors  advantageously 
constructed  than  »  (-un)i--ru  ot»i-ura  (txhng  periscopic).  becatute  its  surface  of  pro- 
jection U  A  hemisphere,  anil  coni>f(|iienily  the  images  are  sharjter  in  its  lateral 
portions  than  would  be  possible  on  a  llat  surface. 
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APPLICATION  OF  DIOPTRIC   LAWS   TO    THE  EYE.       CONSTRUC- 
TION OF    THE  RETINAL  IMAGE.     THE   OPHTHALHOBIETER. 

ERECT    IMAGES. 

The  eyeball  represents  a  centered  system,  composed  o£  several 
refracting  media  separated  by  spherical  surfaces,  the  anterior  surface 
of  the  cornea  being  in  contact  with  the  air.  In  order  to  determine  the 
course  of  the  rays  through  these  media,  it  is  necessary  to  know  the  posi- 
tion of  both  principal  foci.  Following  the  simplified  solution  of  Gauss 
previously  discussed.  Listing  and  v.  Helmholtz  in  particular  have 
estimated  the  position  of  those  points.  In  order  to  make  this  calcula- 
tion, a  knowledge  of  the  indices  of  refraction  of  the  ocular  media,  the 
radii  of  the  refracting  surfaces,  and  the  distance  between  them  is  neces- 
sarj'.  These  will  be  taken  up  later.  According  to  this  calculation: 
(i)  The  first  principal  point  lies  2.1746  mm.,  and  (2)  the  second  principal 
point  2.5724  mm.,  behind  the  anterior  surface  of  the  cornea;  (3)  the 
first  nodal  point  is  0.7580  mm.,  and  (4)  the  second  nodal  point  0.3602 
mm.    in    front    of    the  posterior  surface  of  the  lens;  (5)    the  second 
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principal  focus  is  14.6470  mm.  behind  the  posterior  surface  of  the  lens, 
and  (6)  the  first  principal  focus  is  12.8326  mm.  in  front  of  the  anterior 
surface  of  the  cornea. 

As  the  distance  between  the  two  principal  points  and  between  the 
two  nodal  points  is  so  small  (only  0.4  mm.),  a  point  in  the  middle  of 
each  pair  may  be  adopted  instead  of  the  two  separate  points,  without 
committing  much  error  in  the  construction.  In  this  way  there  is 
only  one  refracting  surface  for  all  the  media,  and  only  one  nodal  point, 
through  which  all  ot  the  axial  rays  coming  from  without  must  pass  un- 
refracted.  Such  a  simplified  eye  is  known  as  the  "reduced  eye"  of 
Listing. 

The  construction  of  the  image  on  the  back  of  the  eye  is  now  simple. 
The  inverted  image  is  formed  on  the  retina  with  distinct  vision.  Let 
A  B  (Fig.  279)  represent  an  object  standing  perpendicularly  before  the 
eye.  From  A  a  pencil  of  rays  enters  the  eye;  the  axial  ray  A  d  passes 
through  the  nodal  point  k  without  being  refracted.  As  the  image  of  A 
must  lie  on  the  retina,  all  the  rays  from  A  must  come  to  a  focus  at  d. 
The  same  is  true  lor  the  rays  from  B,  and  of  course  for  the  rays  coming 
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from  any  point  of  tlie  object  A  B-  As  aU  the  axial  rays  must  pass 
through  the  rommon  nodnl  point  k,  this  is  also  called  the  "point  oC  in- 
tersection of  the  \-isual  rays." 

la  ilic  enucleated  eye  of  an  albino,  or  in  any  ey«  in  which  a  piece  of  the  sdeni 
and  choroid  has  been  repUni]  by  a  piece  of  glasa,  the  inverted  imagr  may  be  readily 
seen.  In  fact,  the  invcn«d  iin:iKC  of  a  cundV  hi.-l(l  in  front  of  tbr  eye  may  be 
3cea  through  the  6clcra.  if  iljc  eye  is  turned  ttrnngly  to  one  side,  and  if  it  contains 
but  titllt  jiiKnunt. 

By  means  of  the  const  ruction  of  the  rctiral  iinas«  the  tixv  of  ihis  iina^t  may 
be  easilv  cak-ulfttci-l,  if  the  nixe  of  the  object  and  its  di*tanr<'  from  the  roniea  arc 
ijnou-n. '  As  the  twu  triangles  A  H  k.  and  cdkarr  simiinr.  obviously  A  H  ;c  d  — 
f  k  :  k  g.  Tlierefore.  c  d  -•  (A  B  X  k  g)  :  f  k.  All  of  lh«sc  values  are  known; 
namelv  ^c  g  •■  15.16  mm.:  further  fk»ak-f-af,  of  which  a  t  may  be  nic-atiurM] 
directfy  and  a  k  —  7-<4  mm-     The  stsc  of  A  B  is  obtained  by  ntcasuremeRt. 

The  angle  A  k  B  is  designated  the  visual  angle ;  the  angle  c  k  d  is,  of 
course,  equal  to  it.  It  may  he  readily  seen  that  the  objects  x  y  and  r  s. 
situated  nenrer  the  eye,  must  have  the  some  vtst].-il  atigle.  For  this 
reason  al!  three  objects  A  B.  x  v,  and  rs  have  a  retinal  image  01  the 
same  siie.  Objects  whose  peripheral  points,  when  united  with  tlw 
nodal  point,  subtend  a  visual  angle  of  the  same  size,  and  which  conse- 
quently have  retinal  images  uf  the  same  size  are  said  to  have  the  same 
"apparent  size." 


Fic.  3>e.— ai>lithiilmdRid.ri  r„!iH  v.  HclmbolU]. 


For  the  determination  of  the  optical  cardinal  points  by  the  method 
of  Gauss  a  knowledge  of  the  following  relations  is  necessary; 

t .  The  indites  of  refraction  are :  for  ibe  cornea  i  .3739,  for  the  aqueous 
humor  and  the  vitreous  humor  1.377,  fo""  '^^^  'c"*  '-4545  C*^  mean 
value  of  the  different  layers),  air  being  taken  as  i,  and  water  as  1.33 

3.  The  radii  of  the  spherical  refracting  surfaces  are:  for  the  cornea 
7.7  mm.  ;forthe  anterior  surface  of  the  lens  10.3:  for  the  posterior  surface 
of  the  tens  6.1  mm. 

3.  The  distances  betweenthe  refracting  surfaces  are;  from  the  anterior 
surface  of  the  cornea  to  the  anterior  surface  of  the  lens  3.4  mm. ;  from 
the  latter  to  the  posterior  .surface  of  the  lens  (axis  of  the  lens)  4  mm.; 
the  diameter  of  the  vitreous  body  is  14.6  mm.  The  total  length  of  the 
optical  axis  is  therefore  21.0  mm. 

As  it  U  impossible  to  mcacure  the  normal  curvaturci  of  the  cy«  after  death 
accurately,  on  account  nf  the  rapid  collapse  of  the  eye,  the  calcnlation  of  tS« 
radii  of  the  refracting  siirincps  i*  m-idc  accnrdinp  to  Kohlravich's  mclhf>d.  freitn 

the  tizi:  of  thi'  rcfli-cii'd  iiiMKr).  in  tin--  livtnK  eyr.     Tin-  uiw*  of  u  himioii'-  "'"■ .( 

to  the  Bile  of  the  reflected  imajie  as  the  distance  of  each  to  h.ilf  th*  r.i 
convex  raijTOT.     The  siic  of  the  rctlectcd  image  mii.'it,  llieretorc,  be  it  .1 

This  mca:mrcmcni  i»  inadi?  bv  the  ophtltahnomeiLT  of  v.  Hi-Imholti  Th«  ap- 
paratus in  constructed  on  the  following  jirinciplc:  If  an  object  is  Mn\  through  un 
obliquely  set  sloes  plate,  it  appears  to  be  displaced  laterally.     Iliis  displacnncnt 
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is  thv  KTCBtcT  the  more  obtiniidy  the  plRtc  is  set.  Hcnn^.  if  Che  nlutcrvcr  .'I  loolcs 
ilitougn  the  telescope  F.  in  front  of  whose  t^bjcciive  (in  its  upper  halO  the  oblique 
plMlr  f/'is  plured.and  wr*  the  coruciil  image  itl>  of  the  eje  «,  tlit  latter  appears 
to  be  displaced  lalcnilly.  thiit  is  to  a'  b'.  If  u  second  jjlate  i7is  piiiretl  l^cfan:  the 
lower  half  of  the  cvc-fMcec  of  the  telescope,  and  is  inclined  in  an  opposite  direction 
(80  thai  botli  plates  inevt  at  an  aDglu,  in  the  horisonial  diameter  of  Uic  objective) 
the  observer  ri;c»  the  uunicol  itnajcc  ab  displaced  laterally  to  u"  i^.  As  the  two 
gloa*  plates  mny  t>c  rotatc-d  on  cneh  other  (at  their  points  of  intcrt^ction}  thcjr  are 
so  placed  that  the  two  reflected  images  have  their  inner  edges  exactly  in  onntact 
(so  that  t/  toiichw  oT).  From  the  siae  ol  the  angle  that  the  two  plates  make, 
the  inxe  of  the  image  mav  be  calculated  (Tiut  the  thicknets  of  the  glaiu.  platec.  and 
the  nefnictive  ind<-x  of  the  glass  must  Itc  taken  into  c  on  si  den*  t  ion).  In  this 
way  the  size  of  the  reflected  image  of  the  conica  and  also  of  the  lens  can  be  deter- 
mined, both  in  the  state  of  rcjit.  and  in  that  of  accommodiittoa  for  near  vision. 

All  uf  the  ocular  mediu.  includini;  the  retina,  haxv  a  oeriaia  amount  of  fluores- 
cencCt  the  lens  most,  the  Wtrcous  least. 

As  the  retinal  imnge  is  inveil^ed,  the  perc;eption  of  the  object  as  an 
erect  one  is  yet  to  he  explained.  By  a  psychical  act  the  impulses  from 
each  point  of  the  retina  are  projected  outward:  thus  the  stimulation  of 
the  point  d  (Fig.  379)  to  A.  that  of  c  to  B.  This  projection  outward 
is  so  accomplished  that  all  the  points  appear  to  lie  in  a  surface  suspended 
before  the  eye.  which  is  called  the  "field  of  vision."  This  field  of 
vision  is  therefore  the  surface  of  the  retina  projected  outward  and  in- 
verted; consequently  the  field  of  vision  appears  erect,  as  the  inverted 
Telinal  image  is  projected  outward  and  inverted 

That  ttw  slimulation  of  each  point  is  projected  in  an  inverse  direction  through 
the  nodal  point  is  shown  by  the  dinple  experiment  th»t  pressurv  un  the  outer 
side  of  theeyebaU  is  rtfcnvd'to  the  inner  aspect  of  the  visFiial  livid      The  •.■ntoptical 

Sihennmeita  of  the  retina  arc  likewise  projected  outwsrd  and  inverted;  so  that, 
or  example,  the  point  of  entrance  o(  the  optic  nerx'c  is  refttrsd  to  the  outer  aide 
of  Utc  yellow  spot,  and  the  hkc.  All  sensationc  n(  the  rulinn  tax:  thuK  n-ferrvd 
extenmllv  ,.Wir  sehen  die  Sonne,  die  Stvmc  an  den  llimmel.  nichl  an  dcm  Him- 
mel"  (v.'lIeUnholtx). 

ACCOMMODATION  OF  THE  EYE. 

Th«  image  of  a  point  of  lisht.as.for  example,  of  a  tiamc,  (onacd  by  a  convex 
lens,  is  always  at  a  dchnito  distanee  ffoin  the  point  (according  to  rule  ).  page 
814).  tf  a  projec  lion -surface  {a  screen)  is  placed  in  this  portion,  a  real  and 
inverted  imut^e  is  formed  npnn  it.  If.  however,  the  icie-cn  is  placed  closn  to  the 
l«is  (Fig.  »7a.  IV,  a  b)  or  farther  away  from  it  (cd).  the  im.'JV'c  is  not  distinct,  and 
diEFusiOD-circles  are  formed:  in  the  first  instance,  because  the  ravs  have  not  yet 
united:  in  the  second,  iK-cau.se  tlie  rays  have  already  crusM-d  and  are  again 
diverging  When  the  point  of  lixhl  is  altcmatety  appruachrd  ti>  iiiid  withdrawn 
from  the  lens,  the  screen  must  be  c<:>Tn;&pondingly  moved  closer  to  the  Icna  or 
farther  away  from  it,  if  ihv  sliarpne.ts  of  the  inia^e  is  to  be  preserved.  If  the 
screen  is  fixed,  ivhilc  the  distance  ijf  the  point  of  lijtnt  from  the  lens  varies,  a  sharp 
image  could  be  formrd  only  by  increasin;^  the  cur\*n,t«rc  of  the  lenn,  and  thus 
increasing  its  refractive  power  when  the  point  of  light  is  approached  to  the  lens. 
or  by  diminishing  its  curvature,  and  thus  making  it  less  refractive,  when  the 
point  of  liRht  is  withdrawn. 

.As  the  eye  h;is  its  surface  of  projection  (retina)  fixe<lat  an  unchanging  position, 
and  as  the  eye  possesses  the  ability  to  (orrn  on  the  rclina  shnrp  images  of  both 
far  and  near  objects,  it  must  possess  the  power  of  altering  iia  rL-fraetive  strength 
(the  form  of  the  lens)  to  correspond  in  every  case  to  the  distance  of  the  object. 

By  accommodation  is  meant  the  power  of  the  eye  to  form  sharp 
images  of  l>oth  distant  and  ne.ir  objects  upon  the  retina.  This  depends 
upon  its  ability  to  make  the  lens  more  or  less  convex  (thicker  or  thinner), 
according  to  the  distance  of  the  object,  If  the  lens  is  ab,sent.  accom- 
modation is  im])0S8ih1c. 
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When  the  eye  is  at  rest,  it  is  accommodated  for  the  greatest  distance; 
that  is.  sharp  images  arc  formed  on  the  retina  of  objects  at  an  infinite: 
distance  (as,  (or  example,  the  moon).  In  other  words,  parallel  rays  (ap-' 
X^roximately)  that  enter  the  eye  are  united  on  the  retina  of  the  normal- 
sighted  eye  at  rest:  the  principal  focus  is  therefore  in  the  retina. 
Distant  vision  is  thus  accomplished  without  the  aid  of  any  muscular 
action. 

That  no  muscular  activity  is  actuBUy  required  for  distant  vision  Is  proTtd  by 
the  fallDwinK  facu:    (i)  Nurmal-MKbLea  pemont  mc  sliariily  and  dtHtioctly  at  •! 
disttincc  uHtnout  the  ^liKhicft  frclinjf  of  cxt.-rtio«i.     On  upcnint;  the  cyvlidf  aitcr* 
a  ccnside-rable  period  of  fc»t.  distant  object*  ato  at  ooct  ec«n  with  sharp  outline*. 


Xv 


■^. 


Txa-  iSi-— Aniffior  Qiudrinlot «  tloritooul  Seniea  ol  thf  CjebUI.  Carnta  tnd  kw  nl  in Iha  miiddb  al  i . 
nrrkal  diarncf n :  ii.  •ulHUniuproinsiiIibcninuM,  t.  litmnum'snuafaraiit'.  t.  iilatgr  lofoal  epithtlii 
4, Dncvnut't  mmtinne:  «.  lu epifaeUun;  r.  ooniuMUnt-,  *,  «dcn',  k.ita-.  ^  •eUnoa  noKk od  tlia  f 
i,  fctiiuttc  %(nKni  ul  ibc  liu  mih  ilie  ad]it«pi  (cMMawq  uwut;  t.  cuul  ol  ScUbbuo;  I,  IimIiiii" 

m.  (imilu  ausn  at  the dlianr  miufle;  ■,  Qtiui  proon*;  o.  dlbay  tntaaa  ol  ih«  wUiu',  t-  ojuutiit 

with  Ibc  (oDula  ul  ZIbb  (7)  in  Ituni  u(  U,  Ihr  |na«c(iiir  IcatfH  u(  the  hjaloiil  cHnilnH  (•)  Ulind  ll;  r? 
xninioi.  i.  (natrrlnr.  <*p»jle  d(  the  \rm;  I.  dio^d:  «■  pEfldianU*!  ipKci  T,  OKUflu  •pHbdtan  of  ibr 
tnit;  >,  margin  ^ci[U4lur)  uf  tbi  Econ- 

(»)  If  the  eye  has  lost  its  pnwtr  nf  »<xoinnvxlnTii>n  in  cunseoitc^oc  at  fxirulyBiB  of 
the  oculoinotrjT  ner^'e.  sharp  images  ol  distant  ohjecls  ar*  stiU  found  tii  the  rotinA 
Paralyeis  o(  Hip  acromnWHlaiif'n-HiniJiratUK  is  alway«  av4.4>i.-iai«^d  with  disturlJafict 
ol  near  vision,  never  of  liistatii  vision.  TcmiioTary  inralyns.  wuli  ttor  uuii« 
rtKuU.  if>  produced  by  ttic  instillation  of  aUopin  or  duboiain  (and  hy  tAking  toxic 
divn'i  intt-rnjdly) . 

When  the  eye  is  accommodated  for  near  objects,  the  lens  becomes 
thicker  and  its  anterior  surfac-e  ic  more  curved  and  protrudes  further  into 
the  anterior  chamber.  The  mechanism  producing  this  change  is  as 
follows:  While  at  rest  the  len.s  is  kept  flat  against  the  vitreous  by  the 
traction  of  the  stretched  zonule  of  Zinn  (Kig,  s8i,  Z). which  is  attached 
to  its  margin.     When  the  ciliar>'  muscle  (I.  m)  contracts  to  focns  for 
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near  objects,  it  draws  the  margin  of  the  choroid  forward,  and  the  zon- 
ule, which  is  in  intimate  relation  with  it,  is  relaxed.  As  a  result,  the 
lens  assumes  a  more  cur\'fd  form,  by  virtue  of  its  elasticity,  so  that  it 
becomes  more  convex  as  soon  as  the  flitttening  tension  uf  the  zonule 
relaxes.  As  the  posterior  surface  of  the  lens  rests  in  the  saucer-shaped, 
unyielding  depression  of  the  vitreous,  the  anterior  surface,  in  becoming 
more  convex,  must  protrude  further  forward. 

Heiistn  And  Vulckor*  rfiscfivcre*!  the  oripiu  of  th«  Tien**  of  accomtnodiitios 
in  tht  most  anterior  portion  of  Ihe  oculomotor  nucleus.  Inilation  f>f  the  pcisU^rior 
part  of  th«  floor  of  ihe  third  viftitncle  pniilucf.f  Qccoinniotlaiior :  if  the  irritation 
IE  applk-d  a  lilttr  further  liack.  Ihe  fwipil  coninicU.  The  lihers  for  the  sphincier 
of  the  iris  and  for  the  ciliary  muscle  art  derived  from  the  upper  oculotnotur 
nucleus;  close  by  this  is  the  ccnlrr  for  ihe  ck-vator  of  the  eyelid  if  the  binindarv' 
bclwrtn  the  thinl  vt-ntricli-  and  the  nfjurduct  uf  Sylvitia  is  irritated,  the  internal 
rectus  mueclc  contracts:  irritation  of  the  pcistvriuT  part  of  ihc  aqueduct  cuumts 
contraction  of  Ihc  superior  rectus,  the  inferior  rectus  and  the  inferior  oliUque. 

The  movement  during  aecomrnodation  may  be  recogniwd  Ky  mmns  of  the  fn\- 
lom-inK  phenomena: 
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flc  iHi. — r>ia«i'>>i<>"''Ui<-  Kc|jicKutaU>.4i  \A  .'u.xMmmiitLMma  tirr  Srv  uti  Fv  ObjctU.  Or  ibt  iSjAc  >lt>  BM- 
dlui'd  durlnii  uiummnLliiiuD  11  ^own;  nn  ihc  Irll  ilu-  iiAiitllkin  iturins  mt.  On  tiolh  lida*  cnH*!!  «f 
^K  «inrijur  uf  Ihc  1m»  i«  JrAAri  a  A  uiotiTiuuiih  line.  Lh«  vihc-r  Kali  u  il  iluIEcii  linr.  Iftf  Idlnv  ipprsriag 
Iwicp— Uiili  on  iherlRtit  uu]  Itll  *l(ln  — hi  ti  Itir  txmr  liitnilifsnrc .  ihiw  rin  ilinfiflhi  tiilrtic  iirininl.  A  IcR. 
i  lifhl  half  o(  Ihe  Irii*.  t.tann.  .V.  iclcnii  t;_S'.  ...n.il  ul  SL-lilfmm,  f  JC .,  luiianar  chAmhec:  ./.  irii;  P. 
pipuLU]'  nurstoi  ^  uncrfaif.  II  [»>tFnij(  mrUir  ul  Uic  lcfl>;  K,  niunuir  liI  Ihr  lrii>:  h.  rtlicil  Ibc  dllarr 
|1  III  I  III  I  •  nnd  h,  interval  Icnuvn  ibFTn  I'hf  \ir\r  7,  \  »\\.nin  ihi  <h>,:linru  .il  Ihi  Irn*  In  (he  acl  of 
•rMWUDCMUtioa  (w  »  ockr  obicct;  Z  Y,  ibc  llu^knoi  ol  ihv  \ta>  when  Ibc  i^c  ii  ul  ml. 


I  The  images  of  Purkinje-Sanson.  If  the  light  of  a  candle  U  allowed  to 
fall  on  the  Imman  eye  a  lilile  from  the  side,  or.  better  mill,  if  tlie  lighi  come* 
thniuKh  two  small  triitiii:til;«r  iiiienintpt  in  a  picci-  of  c«rdb«a«l.  pljicrd  one 
wbovc  the  other,  the  oliscrvcr  sees  three  pairs  uf  rrOccled  images  in  the  eye  The 
brightest  and  most  diiiliiici  paii"  (virtual)  art  fonrivd  by  ihi;  anterior  Mirfucc 
of  the  comea  (Pi^,  3^i.  a).  The  second  pair  {likewise  virtual)  are  the  largest, 
but  at  the  sams  lime  the  (ainicst;  thcv  ant  refli-i^tcd  from  the  anterior  surface 
of  th<;  letiM  (Ij)  nnd  lie  S  tnm.  iK-hind  the  plnnt-  of  the  pupil  (The  imaf^es 
prodoeed  by  convex  mirrors  are  the  larger  the  longLT  the  radius  of  curvature.) 
The  third  pair  are  the  smallest  aii<l  stund  imilway  in  inti*nt;!ty.  they  an-  invi-rieil. 
and  lie  atKiut  in  the  plane  of  the  pupil  (c).  These  iirtHKCS  arc  also  virtual,  because 
they  do  not  lie  in  the  second  medium,  which  is  represented  here  by  the  air  The 
posterior  capsule  of  the  lens,  which  rcdccta  ihenc  laai  images  acta  as  a  concAve 
mirrur.  (If  a  luminouH  object  is  placed  at  a  dintancc  from  11  concave  mirror,  an 
inverted,  renl  ima^ic,  reduced  in  size,  is  formed  near  the  focal  point  of  the  mirror, 
on  the  same  side  as  the  object.)  While  the  observer  watches  theuc  images,  with 
thff  eye  of  the  person  at  rest,  the  latter  is  requested  to  accommodate  suddenlv 
(or*  iiear  object  Changes  in  Iheima^'-'S  are  at  once  rcc  •.irni''*"''  The  m  iridic  p.-ii'r 
(from  the  anleriiir  mirface  ii(  the  lens)  Ix-come  smaller.  :mil  brighter  and  nppnwich 
each  other  (b).  because  the  anterior  surface  of  the  lens  becomes  more  convex. 
At  the  &aroc  time  they  approach  the  corneal  iinajjes,  betauw-  the  aiuenor  mirfaee 
S3 
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of  tht-  tens  \s  nearer  tn  the  comcn.  Neither  of  the  uthrr  pairs  (a,  and  C.)  duuise 
eilhiT  in  siev  or  in  iXMiiion.  By  tneoJis  of  the  ophlbal  mo  meter,  the  diminution 
oi  tl)e  fiidids  <7f  curvulure  of  the  antvri'^  surfacv  u£  Ihc  k-na  Junng  acvjuitiicxla- 
ti<>n  lor  n«;or  viMon  c»n  br  deiwmined. 

a.  Av  a  revult  i^f  the  incrviucd  curva.turc'  ot  the  l<^s  durine  nocommoilation 
ipr  ne.tr  vision,  ihi.-  rt"(raeti*<?  conditions  within  the  eye  must  tie  changLii  Ac- 
oordinfE  lo  v.'  Hi-Uiih'Jt/  the  mtas.urc«ieni*  (or  ttit  rusting  eye.  and  tor  tht-  eye 
accoinmi.idatc(]  f'>r  lu-ar  viwcin  arc  itx  (ulluws  (the  tintt  nvimhcr  w  fur  ihc  rculinjf, 
llwr  sctt-nd  for  the  Bccomm™lati-d  eye):  Rndins  uf  the  cnrnt-a  8  mm  .  8  mm 
RiidiiM  of  the  anivrior  surfuix-  of  tlif  lens  lo  mm..  6  mm.  Radius  of  the  poatcnor 
aurfncc  of  thv  Irns  6  mm..  5.5  inin.  Dititiince  of  lliv  vertex  of  ihc  ant«rk*f  itur- 
face  of  ihc  Uns  from  ihv  vertex  of  thv  imtcrior  suriacc  oi  the  cottka  j.A  mm., 
3.3  mm.;  of  tlic  vertex  of  Ihv  posterior  surfnce  of  the  lens  7.3  moa..  J'  mm.i 
vt  Ihc  atiU-rior  focal  ))oint  [191  mm..  11. »♦  mm.;  of  th*  first  principal  dmi 
i.q,(  mm  .  1  03  mm.:  of  the  cecond  prineijuU  point  3.^5  nun..  1.49  nun.:  of  it_ 
lirsi  nodal  pinnl  ft. 96  mm..  651  mm.,  of  th«  posterior  focal  point  aa.ij  mm.. 
10.35  inm  .  uchtnd  the  anterior  corneal  stirfaf«. 

i.   If  the  reiiLing  eye  is  viewed  from  the  side,  the  pupil  appears  as  a  narro* 
strvAk.     This  tH:c'oni('s  linutder  n*  tfxtn  a>  the  eye  i»  aeronmiodated  U. 
near  vision,  as  the  cniir*-  jiujiil  moves  forward. 

4.  If  light  is  thrown  obliquely  into  the  anterior  chamber,  the  focaj  line  formed 
by  the  concave  surface  of  the  cumea  fatln  upon  the  iris.  IE  the  experiment  is  madt 
with  an  eye  arranjjcd  for  distant  visipn .  so  thnt  the  f"t:al  line  hc^  near  the  nupillai, 
marjfiii  of  the  iria.  the  line  will  recede  immediatclv  toward  the  scleral  mar^n 

of  the  iris,  as  soon  as  the  eye  is  accorn- 
moduted  (or  near  vision,  becamie  the 
irif  ir.  plaoeil  more  otiltquely.  as  its. 
impillan,'  marjfin  moves  furwanl 

5.  In  accommodation  for  near  vision 
the  pupil  contract!):  in  lUstant  viM<m 
it  dilates-  The  contraction  lakws  place 
li'fwcver.  sonicwhat  later  than  the 
uccinimodatioo  Tliis  phenomenon  may 
be  irferpretcd  as  an  nKsoetated  move- 
ment fis  bnih  the  cihary  muscle  and  the 
sphincter  of  the  pupil  are  innervated  by 
the  oculomotor  nerve.  Ex.-inunation  n'f 
Fig  )ft)  wnll  show  that  the  nihineter 
may  BSsisl  the  muscle  of  Bccommodaticm 
dinxtly.  for  if  the  inner  raarein  of  the 
iris  moves  inwurd  (toward  r).  lliis  muvemcnl  will  l>e  tmnsmitted  lo  tne  ciliary 
margin  of  the  choroid,  which  must  hkcwise  follow  inward  to  some  extent.  The 
movement  of  the  choroid  is.  it  is  tnic,  effected  principally  by  the  tcn*or  of  the 
choroid.  Accommodation  is,  however,  still  posicile  even  when  the  iris  is  absent 
ur  when  it.*  lilxrrs  arc  split. 

6.  On  roiiitioii  of  the  eyt-liall  inwnrd,  the  cyp  is  accommndated  involuntarily 
for  near  vision.  As  both  eyes  mtiite  inward  when  the  optic  axes  are  directed 
toward  nesj  objects,  it  is  evident  that  the  eye  must  be  involiuitarily  accoramu' 
dtttcti  ul  the  same  time  for  near  vision. 

7.  The  accommodntioii  from  a  near  to  a  far  object  (simple  n-Iaxatioa  of  the 
tensor  of  the  choroid)  takes  place  mora  quickly  ihoa  the  reverse  movement, 
from  fur  to  near.  The  pnsccss  of  accommodation  re<|uire«  a  lonj^-r  time  the 
nearer  the  object  is  broucnt  to  the  eye.  The  time  ruijuired  for  the  image  fomieil 
hv  the  nnli'hoT  Kurfaee  01  the  lens  to  complete  its  change  of  pocitioa  it  lese  than 
tfiat  rrmiired  (or  subjective  nccommudatiou. 

8.  When  the  eye  is  .iccommodaied  dw  a  certain  distance,  it  obtain*  a  shar 

imajte  not  only  of  one  jMiiiit.  but  of  a  whole  series  of  poiniJi  tiehind  one  anc  " 

The  line  in  which  these  points  nrc  siliiatcd  is  called  the  line  of  aecommodatioo. 
'I"hc  farther  away  lIic  point  is  fur  which  the  eye  is  accommodated  the  longer  ihis 
line  liecoineit.  l»evoml  a  dislaiict  of  fruni  60  Lo  70  metem  fnim  the  eye  all  objects, 
cvai  the  most  remote,  aputiir  e<iii*lly  distinct.  The  shorter  the  distance,  the 
shorter  the  line  beeomcs;  innt  is,  during  ihc  hiehcst  dcgroe  of  accommodation  for 
near  objects,  a  point  situated  a  short  distance  behind  tne  fixed  point  will  appear 
indistinct. 

1).  Tht*  t|ueu!ioti  uheiher  it  is  possible  for  llie  lens  to  chan|;e  iti  f'rrm  {lortially. 
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tliat  id  in  one  or  nnoth<»r  meridinn.  and  therefore  for  one  section  of  the  HHarj' 
muscle  to  cimlnict  intU-in-iidenily.  i«  nnKwon-il  iii  Ihi"  aflirmniive  by  Dobitnrolsky, 
E-  Ficlt.  Michel  and  otl»t.TB,  ami  in  tlir  m-Kniivc  by  Hcm 

10-  In  strong  accommddativc  effort,  the  lens  sinks  downward  from  jfTa%-ity, 
whatc^TT  thf  [Misitiim  ai  ilic  head,  on  accmiiit  of  ihe  relaxation  of  the  zonula. 
Escrin  causes  strong  contnictiDn  of  thf  cilinr>*  muscle. 

Tht-  n-'froctivc  action  of  tht  lens  in  occomnK^idaiion  for  both  distimt  and  near 
vision  is  illuatralcd  »ilh  especial  i.Icarrn.-?i3  by  SchL-int-r's  cxpcrimrnl.  A  picci;  of 
cardboard  (Fie.  384,  K  Kj  contaimnR  two  small  orx'iiinfjs  (S.  d1  separated  by  a  dis- 
tance less  than  the  diamctoTDf  th«  pupil  is  htld  Wfore  thf  eve.  and  the  obiwrver 
looks  at  two  needks  Q)  and  r)  placed  twhind  pach  othw;  if*  the  first  nwjdii*  (p) 
is  lixed  by  tJie  observer,  the  second  one 
Er)   appears   double;    and   conversely. 

i(  the  near  iKrdlc  Cl')  '*  iix<-d  and  the  _  _ 

e>'e  in  accommodated  for  it.  the  rai-s 
passing  fnrni  it  arc  naturally  facu&scd 
at  the  imaxv  on  the  rvttna  (p,),  llie 
ra.ys,  hoii'c%'vr,  from  the  diiitaiit  needle 
(rj  haw  already  come  to  n  focus 
within  the  vitreous,  »nd,  diveTRifig, 
form  two  imugeM  (r,  r„)  im  the 
retina.  If  the  nght  hole  in  the  can! 
(d)  lie  tloKed.  the  left  image  of  the 
distant  needle  {r„>  disappears.  The 
result  is  anatoKous  if  the  eye  is  accom- 
niodated  for  the  distant  needle  (R). 
Then  the  near  ntirdk  (PI  form*  a  doublc 
imagi'  (P,  P„>  Ijccause  thi;  ray»  passing 
from  it  hftvc  not  >*ct  come  to  a  focus. 
chosuro  of  the  right  hole  (d.)  miike«  the 
right  imajjL-  (P,)  disappear.  It  must  be 
noted  pspeei.illy  (with  regard  to  the  pro- 
jettion  of  the  retinal  image  oiitward  1 
into  the  field  nl  vi.iion)  that  when  the 
obscrvinjt  eye  ih  aixommLidjtti'd  for  ihe 
near  needle,  and  <mc  nf  the  hnlcs  is 
closed,  the  homonymous  double  image 
of  the  distant  nccdte  disapi>ears.  If, 
however,  the  distant  needle  i*  fixed, 
and  the  opening  ik  doM-d.  the  emiuted 
image    of  the  near  needle    disnppears. 

Statement!*  have  been  made  recently 
that  in  animalx  .tnd  evun  in  man  (he 
sympathetic  takes  part  in  nccommodn* 
lion  for  distant  vision.   Irritation  of  the 

Rvmpiithetic  is  said  to  cause  the  lens  to  become  flatter.  This  is  shown  \yy  the  fact 
tnat  the  pupiIUr>-  Mpbincter  euiinot  act  as  an  aiutiUar>-  muscle  of  accommodation 
wlun  thi-  pupil  is  widely  dilated. 

Mammaha.  birds,  and  reptiles  exhibit  the  same  mt-chani«in  for  accommoda- 
tioti.  In  et'phalojjods  and  osseous  lishes.  whose  eves  when  nc  rMt  are  ftc<M>m- 
mndateil  hit  near  vision,  active  aeeommodntion  for  di.tlant  \-i9ion  is  cfTecled  by  ap- 
proximation of  the  len*  tn  the  retina,  in  ti£he«  by  the  activity  of  a  retractor  muscle 
of  the  lens.  In  some  amphibia  and  imakes  aetive  accommc»dation  .if  the  eye 
for  near  vision  takes  place  tJirough  the  separation  of  the  lens  from  the  retina  iij 
coneequence  of  change?  in  the  intraocular  pressure.  Some  nocturnal  animals 
and  some  sensitive  to  light  hav«  no  power  of  Accommodation  whatever. 


I 


r 

Pto.  >t4.— SdxiBti'a  Exr«riRuaI. 


REFRACTIVE  POWER  OF  THE  NORMAL  EYE.     AFOMAilES 
OF  REFRACTION, 

The  limits  of  distincl  vision  vary  greatly  for  different  eyes.  A 
distinction  is  made  between  the  far  point  (or  resting  point)  and  the  near 
point.  The  far  point  is  the  greatest  distance  from  the  eye  to  which  an 
object  may  be  removed  and  still  be  seen  distinctly:  the  near  point  is  the 
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shortest  distance  at  which  an  object  can  still  be  seeii  distinelly.  The 
distance  between  these  two  points  is  called  the  range  of  accommodation. 
Three  types  of  eyes  are  distinguished: 

I.  The  normal  {eaimetrop:c)  eye  is  so  eonstnicted  that,  when  it  is  at 

rest,  parallel  rays  (Fig. 
a8j.  r  r)  from  objects  at  an 
infinite  distance  come  to  a 
focus  (r,)  on  the  retina. 
The  Ear  point  iherefoj 
equals  oo.  On  the  strong-" 
esi  effort  of  accommotla- 
tion  for  near  vision,  duni 
which  the  lens  inci 
its  convexity  (Fig,  a86.  a)j 
raj's  come  to  a  focus  upoi 
the  retina  (p,)  that  are 
emitted  by  a  point  of 
light  (p)  5  inches  from  the 
eye.  that  is  the  near  point 
is  5  inches  ( i  inch  equals  3  7 
mm.).  The  range  of  accom- 
modation is,  therefore.  00. 
a.  The  short-sighted  <myopic,  hypumetric.  long)  eye  (Fig.  387) 
unable,  when  at  rest,  to  focus  parallel  rays  on  the  retina.  Such  rayi 
cross  within  the  vitreous  (at  o),  anti  then  diverge  and  form  a  circle  of 
ditTusiun  on  the  retina. 
The  objects  must  be 
at  a  distance  of  from 
60  to  no  inches  (at  /') 
from  the  resting  eye 
in  order  that  the  rays 
may  be  united  on  the 
retina.  The  resting 
short-sighted  eye  is, 
therefore,  capable  of 
bringing  only  diverg- 
ent ravs  to  a  focus 
upon  tde  retina.  The 
far  point,  therclore, 
lies  abnormally  near. 
By  the  most  power- 
ful effort  of  accom- 
modation, objects 
may  be  distinctly 
seen  at  distances  of 
from  4  to  2  inches,  or 
even  less.  The  near 
point  also  is  abnor- 
mally close;  the  range  of  accommodation  is  diminished. 

Myopia  is  usually  dependent  upon  an  elottfration  of  the  eyeball,  whi<h  i» 
congrnital  luicl  often  inherited.  The  convction  of  this  anomnly  of  nfnctinn  ■• 
effected  b>'  the  ate  of  a  concti^'e  rIms.  which  cauMS  parallel  ray*  front  ■  gnat 
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dtBtKncf  to  diverse  so  ihm  thpj-  can  be  brought  lo  a  fociu  "P*>n  the  ictin*.  Ii 
is  remarkalilc  tfiat  iin.st  infants  are  myiJinc  ai  birth.  Thia  myopia,  how- 
ever, dcjitrnds  upon  excessive  curvature  of  tht-  cornea  and  Ictis,  and  c«  ex- 
c«!R«\-c  proximity  of  the  lens  lo  ihe  cornea.  Aa  the  eye  kiows  tl>i«  myiipia  dis- 
appears. £itli«r  the  too  constant  activity  of  the  tensor  vt  the  th'Toid  {in  reading, 
writing,  etc.),  or  the  continuous  convvrgcncc  of  the  eytballs.  whereby  the  external 
pressure  on  th«  cyclmUe  is  incrt-a^cd.  is  cwinidcrcd  n  Iht!  cause  o(  the  myopia 
ttriting  or  increasiiig  during  sehool-liie. 

3-  The  far-sighted  (hyperopic.  hypcmietTopie,  presbyopic,  over- 
sighted,  flat)  eye  (Fig.  j88')  is  capable,  when  at  rest,  of  focusing  only 
convergent  rays  on  the  retina  (c).  Distinct  images  can.  therefore,  be 
formed  only  when  the  rays  from  objects  are  made  convergent  by  a 
convex  lens,  because  parallel  rays  would  come  to  a  focus  behind  the 
retina  (at  /).  All  ravs  coming  from  natural  objects  are  either  di- 
vergent, or  at  most  approximately  parallel,  never  convergent.  There- 
fore, no  hyperope  can  see  distinctly  when  the  eye  is  at  rest,  without  a 
convex  glass,  When  the  ciliary  muscle  contracts,  slightly  convergent, 
parallel  and  finally  even  somewhat  divergent  rays  may  be  brought  to  a 
focus,  by  increasing  efforts  of  accommodation.  The  far  point  is  conse- 
qucntlv  negative,  the  near  point  abnormally  remote  (more  than  8  or 
10  inches),  while  the  range  of  accommodation  is  intinitely  great. 

Tho  catiec  of  this  defect  is  abnormal  shortness  of  the  eyp.  which  is  generally 
the  result  of  imuer(cct  devclopnncnt  in  all  dnrections.  In  addition  the  lens 
becomes  tiattenw!  in  old  age,     The  error  is  conttwid  by  mt^aiis  of  a  convex  lens. 

The  f»r  i)oint  of  an  eye  is  detemiined  by  VirinKing  toward  it  olijecls  that 
subtend  a  visual  angle  of  only  $  minute.'*  (for  e.xamplc.  Snellen's  small  letters,  or 
the  medium  tyjie — ^Irom  4  tn's — "f  Jju-grr)  and  Imilini;  the  point  at  which  lbe>" 
first  become  distinctly  visible.  The  diitancc  from  the  eye  indicates  the  far  point. 
In  obtaining  iht;  far  jiciint  of  a  mytnii-,  the  »iinie  obiccU  (subtending  a  visual 
angle  of  5  minutes)  arc  placed  at  a  djstance  of  jo  incWs  (miii  the  eye,  and  the 
weakest  concave  gtas«  is  selected  Uiat  will  enable  him  to  sec  the  objects  distinctly. 
The  near  point  is  found  bv  bringing  minute  objects  (for  example  line  print)  closer 
and  closer  to  the  eye,  until  it  becomes  indistinct.  The  shortest  distance  at  which 
distinct  vision  is  po«ub1e  is  designated  the  m^cir  point. 

The  oirtometer  may  also  be  employed  to  determine  the  far  :uid  nearpoduU. 
A  small  object,  such  as  a  pin.  is  moved  to  and  frci  over  a  scale,  along  which  the 
c>'c  sights,  as  along  a  gun-barrel.  The  object  i&  brought  as  close  as  possible  and 
is  then  removed  as  far  as  possible,  so  as  to  permit  01  distinct  vi.iion.  The  scale 
shows  directly  the  near  and  far  points  and  also  the  range  of  accommodation. 

Other  optometers  are  baaed  on  Schcincr's  cxpcrinicni.  By  an  arrangement 
similar  to  that  described  the  object  is  viewed  through  two  wnall  openings  in  a 
card.  When  the  object  it  within  the  near  point,  it  appears  double;  and  similarly 
when  it  is  bevond  The  far  point  This  may  he  readily  understood  from  a  con- 
liideration  of  !>chcincr's  experiments.  The  in.it  ruments of  Porterfield  and  Stampfer 
arc  constnicied  on  this  principle.  !n  the  latti-r  a  narrow,  luminous  slit,  which 
can  be  moved  in  a  dark  t«l)e,  is  used  as  the  lixina  object.  The  otitonictcr  of 
Th,  YiJunK  and  Lchoi  consists  of  a  white  thread  stretched  over  a  black  scale. 
The  thread  is  obaervvd  iliniugh  two  small  openiiigi.  and  appears  single  and  dis- 
tinct when  within  the  range  ofaccommodation ;  within  the  near  point,  and  beyond 
the  far  point,  however,  it  appears  broken  Up  into  diverging  hncs. 


MEASURE  OF  THE  POWER  OF  ACCOMMODATION. 

The  range  oi  accommodation,  which  is  easily  determined  by  in- 
vestigation, does  not  of  itself  indicate  the  degree  of  force  or  the  power 
of  accommodation.  The  measure  of  this  is  the  mechanical  work  done 
by  the  cilian*  muscle.  It  cannot,  of  course,  be  determined  directly  in 
the  eve  itself.     It  is.  therefore,  necessarv  to  take  as  its  meastire  the 
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optical  effect  produced  by  the  change  in  the  form  of  the  lens  that  is 
brought  about  by  the  muscular  activity. 

These  relations  may  iirst  be  considered  in  the  emmetropic  eye.  In 
tJie  condition  of  rest,  those  (dotted)  rays  that  pass  in  a  parallel  direction 
from  an  infinite  distance  on  the  retina  arc  united  (Fig.  aSg.  f>.  In 
order  to  focus  rays  that  come  from  the  near  point  at  a  distance  of  5 
inches  (p),  the  muscle  of  accomtiKJclatiDn  must  exercise  its  full  strength, 
so  that  the  lens  may  be  made  suHiciently  convex.  The  power  o(  ac 
commodation,  therefore,  produces  an  optical  effect  by  increasing  tl 
coTtvexity  of  the  previously  passive  flat  lens  (A)  to  an  amount  equal  to^ 
B;  or  in  other  words,  it  is  as  though  a  new  convex  lens  B,  had  been 
added  to  the  original  lens  A.  What,  therefore,  must  be  the  focal  dis- 
tance of  the  lens  B.  in  order  that  rays  coming  from  the  near  point  (5 
inches)  may  be  focused  on  the  retina'  Manifestly  the  Icn*  B  must 
render  the  divergent  rays  parallel;  then  A  can  focus  them  at  t.  Convex 
lenses  render  parallel  rays  that  come  from  their  principal  focus.  In 
the  instance  cited  the  lens  consequently  must  have  a  focus  of  5  inches. 
Therefore,  the  normal  .eye,  with  a  far  point  of  infinity,  and  a  near  point 

5  inches,  has  a  power  of 
accommodation  equiva- 
lent to  a  tens  of  5  inches 
focus.  If,  now.  the  lens 
is  made  more  refractive 
by  its  power  of  accom- 
modation, the  increase 
may  be  readily  elimi- 
nated by  placing  before 
the  eye  a  concave  lens 
that  hasan  optical  etTectj 
exactly  the  opposite  of 
that  due  to  the  increase  of  accommodation  (B).  Hence,  it  is  possible 
to  use  a  lens  of  definite  focus  as  the  measure  of  the  power  of  accom- 
modation of  the  eye.  that  is  for  the  optical  effect  produced  hy  the 
latter.  According  to  Donders  the  measure  of  the  power  of  accom- 
modation of  an  eye  is  the  reciprocal  value  of  the  focal  distance  of  a 
concave  lens  that,  when  placed  before  the  accommudated  eve,  so 
refracts  a  bundle  of  rays  coming  from  the  near  point  (p)  that  it 
appears  to  come  from  the  far  point  (resting  point  of  the  eye). 

In  ftccordiince  with  th(.-forcg>:imj;cflmidcrAtio4ts,  the  power  of  accommodUaonH 

tb«n.i>  calculated  by  Lfae  foJLuwtnjj  fonsula:  — ;  thutu,  the  po««r 

of  ttocommodution  (vxpr«ss«d  by  th«  dioptric  value  erf  a  lens  of  z  incbrs  fcKua)  is 
tfjual  lo  the  difference  between  the  reciprocate  of  the  distances  of  tbc  near  (p) 
and  far  points  (r)  from  the  cyt.     lixam/'lei:  \n  the  emmetropic  «yc,  as  alrciidy 

rncnljoncd.p  —  5;  r  —  ot.  Itxpowcrof  accomraodiition  i%  therefore     -  *  i  —  -^  . 

therefore  X  -  5;   Ihftt  U.  it  is  L-qual  to  a  Icnsof  5  incbcsfociis.     In  a  myopic  ey», 

p  —  4i  r  —  I J ;    su  that         '=  1  ~  i^:    uid  x  ^  6.     Another  myopic  eye  with 

p  —  4,  and  r  —  10.  has  x  -=  5,  in  olhcr  words,  normal  aceooimodative  powrr 
Two  «ycs  with  difivrcnt  ranges  of  accointnodalion  may  haw  the  same  power  ui 
accopomodation.     Examplt:  Ont  eye  may  have  p  -  4,  r  —  *;   the  other  p  -3, 

r  —  4.     For  each  eye   —  -  I.  or  the  power  of  accommodation  of  each  ii  equal 
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to  the  dioptric  vdut-  ol  a  Icntt  of  4  tnch«it  focus.  Coovciwly.  (wo  ey««  n»*)'  h»ve 
tbi-  SAinc  TttnjM  i>f  accommwlation,  and  yet  tiAvc  unequal  power  in  accommoda- 
lioti  KxofHpif  Otir  eye  m»y  havr  p  —  j.  r  •-  fi,  iht-  nlhor  ]i  —  6,  r  ••  0  tlxitb 
have  a  rangr  of  at^cuiniDodaTiun  of  ,1  in).     Tht'  powur  of  accoramodatiim  fur  the 

firtt  )*         —  J  — ^  J:  orx  —  6;  forihc  second  -       =i  — ^  J:  '«-x  -  18     The  genoraJ 

law  for  thc«c  relations  is  as  follows:  If  the  ranj^s  of  aocom  modal  ion  of  two  eym 
are  eqiiHl.  ihi-ir  nowers  of  aei- om mod ii lion  »«.■  fqtixl.  {irovidtrd  iheir  tteaf  points 
ATc  (he  s«mf  If.  however,  the  njiijp-  of  accctnrtiMdnlirtn  in  ih«  niinn-  for  c>;tch 
eye.  but  the  near  pwnis  are  unequal,  then  the  powers  of  acfommodatton  arc 
unequal;  and  that  eye  ha«  the  jfrralest  powirr  of  aLxommodation  thnt  has  the 
shortest  nerr  point.  The  reftson  lor  ihis  is  that  every  (liFTeuTice  in  diilanrr  near  a 
kns  has  a  much  greater  influence  on  the  ima^  than  the  sbihl-  difference  in  distance 
far  from  the  lens.  The  normal  eye  tan.  in  fact,  see  distinctly  all  objecls  at  a 
diitaiice  helween  60  or  70  meters  ajid  tntintty  without  any  aceominodatiim. 

While  p  and  r  can  Ite  directly  determined  (or  the  e ni metro] >tc  and  (Tie  myopic 
eye,  this  is  not  possihlc  for  the'  far-siKhtcd  eye  The  Testing  point  (fur  point) 
iii  the  latter  is  negative;  in  fact  in  cases  of  n>'peropia  of  high  grade  evpn  the 
near  point  may  he  negative.  The  far  point,  hnwever,  may  be  determined  by 
means  of  the  cmvvx  lenn  that  rcndi-rs  the  far-sijihted  eye  emmetrojnc  The 
relative  near  pcrint  is  then  detcnniiicd  by  means  of  the  lens. 

From  the  fifteenth  year  on  the  power  of  ae  com  modal  ion  for  near  vision  eom- 
meiices  to  diminish,  jicrhnps  lietautc  the  lens  ^mduajly  loses  it.s  cliisticity. 

SPECTACLES. 

Older  Measurement  in  Inches  (■  Inch  —  37  ldin.).~~Thc  focal  length  of  both 
concave  (divcrginK)  and  ennvcx  (converging)  ^da^iaes  depends,  of  course,  wooa 
the  refraetivc  index  of  the  |;la»s  (usually  j  :  i).  and  upon  the  length  of  the  radius 
of  curvature.  If  the  curvnture  of  both  (idr«  of  the  lens  is  the  same  (biconcave 
or  Iweorvex),  then  with  the  ordjnart'  refractive  index  of  ginss  the  focal  length  is 
equal  to  the  radius  of  curvature.  I?  one  ride  of  the  lens  is  plane,  the  focal  length 
is  twice  the  rudtus  of  (,-urvature  of  I  he  sjiherieal  surface.  The  glasses  may  lie 
desijinateri  etthirr  in  accordance  with  their  focal  lenj^s  in  inches,  none  shorter 
than  I  inch  bcinc  u.suaily  taken;  or  in  accordance  with  their  re(racli\-e  power- 
By  this  method  the  unit  i-htisi-n  is  iht!  n-fritctivi-  power  of  a  Irnn  with  a.  focal  dis- 
tance of  1  inch.  A  k-ns  with  a  focal  distance  of  1  inches,  refracts  the  licht  only 
one-half  as  much  as  a  lens  with  a  focal  distance  of  1  inc^;  a  lens  of  ,t  inches  Kwtishas 
a  refractiNc  powvr  only  wne-third  as  great,  etc,  This  is  true  for  both  convex  and 
concave  tenses,  the  latter  of  course  having  negative  focal  distances.  For  example, 
the  desi^ation  "eonv-en  j  "  would  indicate  a  convex  lens  with  a  refractive  power 
only  one-lifth  as  grcitt  as  a  lens  with  a  focal  distance  of  t  inch:  or  "conca^'e  J  " 
would  indicate  a.  concave  lens  that  caused  the  rays  of  IJglit  lo  diverge  only  one- 
eighth  as  much  an  the  concave  U-ns  (neitaiive)  with  a  focal  distance  of  1  inch. 

If  the  far  p'nnt  (always  Kki  close)  of  a  myojiic  eye  is  determined,  a  cone«^■e 
lens  of  the  same  focal  distance  as  the  far  point  will  be  required  in  order  to  make 
the  divergent  rays  coming  from  the  far  tnjiiit  parallel.  The  emmetn>|jic  e^'e 
has  a  far  point  w  infinity.  If,  for  example,  a  mj-ojnc  eye  has  a  (ar  point  oI^6 
inches,  it  needs  a  concave  lens  with  a  foeus  of  6  inches  in  order  to  m;c  distinctly 
at  an  intiniti;  distance  ThercfC'Tc  in  a  myopic  eye,  the  readily  determined  dis- 
lanec  of  the  far  point  from  the  eye  is  directly  equal  to  the  focus  of  (he  (weakest) 
concave  lens  that  enables  the  eye  to  Kee  ilistimt  olijeets  diirtineTly:  this  lens 
is  usually  the  niiml>er  of  the  glass  t<)  be  chtijen,  Htantptr  A  myo'pic  eye  wth 
a  far  pomt  of  8  inches  needs,  therefore,  a  concave  lens  with  a  focus  of  »  inches. 
that  is  the  concave  glass  No.  8.  For  the  hyi>cnipic  eye  the  focal  distance  of  the 
stronKcsl  convex  U-ns  that  still  alhrws  the  ex-e  to  see  distant  objects  clearly  is 
at  the  same  time  the  distance  of  the  far  tiojnt  from  the  eye,  Hxatnplr:  A  hyper- 
opic  eye  that  sees  olijtvts  at  a  distatice  clearlv  thrinigh  a  e-i^vcx  Lens  willi  a  fucus 
ol  1,1  inches  hus  a  fjir  point  of  1  j  ;    the  pruper  k'^^^  '»  liVewijie  No,   la. 

Hewer  Measurement  in  Diojiter*. -Instead  uf  the  older  dc«i([nntion  of  the 
strength  of  Tenti-*  in  inchrs,  the  meter  has  been  adopted  ss  a  unit,  fi'llowing  the 
suggestion  of  Ponders,  Nagel,  Zehendcr,  and  others.  By  this  system  the  lenses 
are  designated  according  to  their  refractive  power.  The  unit  is  a  lens  of  small 
retractive  jiower  (iNrjre  focus),  that  is  <me  with  a  fiictm  of  t  meter — 40  inches. 
This  unit  is  called   a  diopter  (abbreviated.  D).    The  refractive  power  of  D  is 
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4  meter.  No.  3  ia  a  tens  of  twiu  this  strcaf[ch.  tumdy,  3  D :  thai  is  lt«  refractive 
power  —  f  meter,  anil  its  focus  —  )  mi-tiir.  Nn.  }  has  three  times  the  KlrcnElh  —3D, 
that  is,  its  refractive  poncr  ==  \  meter,  and  its  ft>cus  —  ^  meter.  Nu.  4  u  fcMir] 
times  as  strong  —  4  D:  it*  rcfrwlivo  power  —  )  meter,  and  iu  focus  —  j  locler. 
No  5  is  s  limes  as  slrong  —  ;  D,  ow  Weaker  elasMrt  than  i  D  hnve  been  choaen; 
of  0.75  Ti,  with  a  focus  of  1.33  meter;  furthi-r,  of  o  50  D,with  a  Ukms  of  a  meters: 
and  o  9  J  L).  with  11  foctu  of  4  meien<.  Hrtwr<'n  the  whole  numhers  of  dio[>ters  | 
and  i  diopter  may,  of  cxiurse.  be  introduced. 

In  ea»es  of  rrcoRnixcd  mvcniia  or  hyperopia,  glasses  should  by  all  means  be ' 
worn  for  the   prcucrviition  of  the  eye,     If  the  far  point  in  a  case  ot  myopia  iti 
bc>'ond  s  inches,  ihe  class  may  he  worn  constantly,  but  generally  the  distaneei 
for  ordinury  near  wiirK,  such  as  reading,  writing,  and  handwork,  ebould  alnyo'i 
be  about  13  inches.      If  the  work  is  >o  fme  (cmbr^derin|{,  dissection,  drawin^T 
etc.)  that  the  object  muiit  be  held  closer  to  the  eye  m  order  to  obtain   a  1"]B^J 
retirml  image,  the  glass  may  he  removed  or  a  weaker  one  be  substituted.     Tb«" 
hyperope  mavuse  histjlaBsfornearvision,  and  especially  in  apoorhght.becatuctbc 
diftiisiuiieircfeK  are  then  unumially  1ur)je  on  necouni  of  the  dilatation  of  the  pup^L 
Jl  IK  ndviiable  to  chofwe  rather  cxce-smveiy  ulnniK  convex  Klaiues  at  firil.     CyiiiV" 
driral  t^lasses  will  be  discussed  under  Asiit^rimtism.     Smoked  or  blue  liUsses  arc] 
worn  10  protect  ihe  eye  from  unduly  inii'iiiie  illumination  when   the    retina 
sennitive      Sieiurji.-iiL-   £lasscii   contain  <>f  nam^w  diaphragms  placed  in  front  of 
the  eye,  which  compel  the  eye  to  look  in  a  definite  direction,  namely  thnmgbl 
the  opening  in  the  diaphragm.     Contact-glasece  arc  discussed  oa  p.  &41. 

CHROMATIC  AND  SPHERICAL  ABERRATION. 

DEFECTIVE      CEnTERIHG     OF     THE     REFRACTIHG      SURFACES.       ASTIG- 
MATISM. 

Chromatic  Aberration  in  the  Eye.  —All  rays  of  white  light  that  under^  refrac- 
tion are  at  the  same  time  decomposed  into  the  prismatic  colors  of  which  while 
light  IK  comjioxed,  twi^auMf  thi-si-  colors  posKvss  dillensnt  degrees  of  refrangibtlity 
Tne  viotct  rays  ;irc  refracted  thL*  most,  the  red  nij[»  the  least.  A  white  point, 
on  n  black  KTound  dor.4  noi  form  a  sharp,  simple  image  on  the  rclioB:  mani' 
colored  points  an.'  T'lrmed  initc^id.  cmc  lieliind  the  other.  If  the  eye  is  acec 
modatca  to  focus  the  violet  rays,  the  succeeding  colors  must  yield  concentric 
diSusioa-circles,  those  near  the  red  being  the  largest.  In  the  center  of  the  circlet, 
where  nil  the  colors  are  superj-iused,  a  white  point  is  formed  by  their  union,  whiloj 
around  it  are  the  colored  circles.  The  distance  of  the  focus  of  the  red  rays  (rot:  " 
that  of  the  violet  rays  in  the  eye  is  fr<)nn  0.58  toe*  a  mm.  v.  Helmholtc  calculated' 
the  focus  for  red  in  the  reduced  eye  as  10. $14  mm.,  that  for  violet  as  ao.140  tnin. 
'I'iierefone.  both  the  near  and  far  points  for  vjolet  light  are  closer  to  the  eye  than 
those  for  red.  Hence  while  object*  lieyond  the  far  point  seem  to  have  a  retMii' 
tinge;  those  within  the  near  point  a  violet  shade.  The  eye  must  also  accoc 
modaie  mure  strongly  for  red  rays  than  for  violet;  so  that  red  objects  arc  thought 
to  l>e  cliiacr  fit  hand  than  equally  dintunt  violet  ohjecta.  This  fact  should  hel 
taken  into  ,-iccoiint  by  artiste. 

UoDocbromatic  or  Spherical  Aberration.  Apart  from  the  decorapositioci 
white  light  into  its  components,  the  rays  from  a  peine  of  simple  li^t  are  prevent 
from  coming  to  a  tingle  focus  by  the  fatrt  that  t lie  edges  of  refracting  (even  though 
only  spproximHtelv)  spiiericttf  surfnceg  refract  the  rays  much  more  strungty 
thkn  do  the  middle  portions.  Many  images  are.  therefore,  formed,  instead  df' 
one.  In  Uie  eye  this  defect  ia  naturally  conecicd  by  the  iris,  which  cuts  off  th4 
marginiil  ray.t  (Fi;;.  atiq),  cxpi-cially  when  the  Irnn  is  stmnclv  curved,  and  at  the 
same  time  the  pupil  is  most  contracted.  The  mareinid  part  iif  the  lens,  in  addition, 
has  less  refractive  power  than  the  central  nucleus.  Finally,  the  marginal  portions 
of  the  refracting  surfaccn  in  the  eye  are  less  curved  than  thoae  lying  nearer  the 
optic  axis,  as  will  be  s^i-n  liy  comparing  the  form  of  the  cornea  {p.  Si  5J  and  that 
ot  the  Ic-n 5 -surfaces  (p.  .Sjt>, 

DaImUt*  Csntcriog  of  the  Refracting  Surfaces. — The  absence  of  exact  center- 
ing of  the  refracting  surfacM  in  the  eye  disturbs  somewhat  the  sharp  projeetion 
of  the  image.  The  vertex  of  the  cornea  dws  not  lie  exactly  at  the  end  of  the 
optic  axis.  The  same  is  true  of  the  vertices  of  the  lens  and  also  of  the  various 
la)'eri  of  the  lens.  The  dcviniioni  und  the  visual  disturbances  produced  by  them 
are,  it  iit  true.  u.%ually  but  slight. 


THE    IRIS. 

RegulAf  Astigmatism,— When  the  curvature  of  the  refracting  surfaces  of 
eye  is  iin«(itially  great  in  it*  diUercnt  meritJiaiift,  ray»  «f  light  canndt  be  united 
at  o  «inf;1e  poiat.  Under  such  oimimiitAncr-A  th«  cornea  umalty  ha«  the  greateat 
c«rvi»tiirc  in  Lhe  vmical  mt-ndinn  and  the  smallest  in  the  honionial  mrndiaii,  as 
is  shown  by  ophthalmcmetric  mi-asurt-mtnt  (p  830).  The  rays  that  ]>as8  thrimjjh 
the  vtrrlical  meridian  natufally  cumi-  toneiher  finsi.  and  in  ahohiontat  focal  line, 
while  Lh<' rays  pasKinicthrrnijlh  the  himawnial  meritliaii  are  broiijlit  tiqjelher further 
back  in  a  vertical  tine.  Such  an  eye. therefore,  docs  not  posscssscommon  focuafor 
light-ray».  hi-ncc  the  name  "asti^maiiitni."  The  lens  also  exhibits  some  incquol- 
ily  of  curvature  in  the  various  meridians,  but  just  reversed.  As  a  rcault.  a  part 
of  the  inequality  Qf  cur\'atufc  of  the  cornea  is  thus  compensated,  and  end y  pact 
of  it  has  any  dioptric  cRcct.  The  emmetropic  eye  j>oase8scs  an  exceedingly 
slight  degree  of  this  inequality  (normal  aittipnotism) .  If  two  fine  lines  are  drawn 
at  right  onj^les  10  each  other  on  a  pi«e  of  white  paper,  it  will  lie  found  that  the 
na]H.*r  tnu&t  be  held  closer  lo  the  cyp,  in  order  to  see  the 
noriaontal  line  distinctly,  than  to  tee  the  vt>nical  line:  the 
nonnal  eve  Ik.  thus,  somewtiat  more  Mhort-siKhted  for 
horiiontat  than  for  vertical  objects.  If  the  incrjuolity  of 
curvnturc  is  more  considerable,  sharp  vision  naturally  is 
altogether  impossible.  For  tlic  correction  of  this  error,  a 
^lasa  is  uik4  that  is  ground  in  the  form  of  a  cylinder;  that 
I*  in  one  direction  it  ha^  no  curvature,  while  m  the  other 
direction,  perpendicular  to  the  former,  it  is  curved  The 
glass  is  so  placed  before  the  eye  that  the  direction  of  its 
curvature  corresponds  to  the  direction  of  IcsGer  curvature 

of  the  eye.  For  example,  the  section  Cabed  of  the 
glass  cylinder  (Fig,  190)  represents  a  plano-convex  cylindri- 
cal glass;  the  section  Cuffr^  a  concavo-convex  cylindrical 
glass. 

hregular  Astigmatism.— .\s  a.  result  hi  the  stellate 
arrangement  ..f  the  fihtn.  in  the  ctnler  of  the  crystalline 
Us,  and  of  the  ut1cqu.1l  eourst  of  the  libers  within  diflcrent 
tions  of  line  and  the  same  letis-meridian,  all  of  the 
fcys  passing  through  one  meridian  cannot  be  focused  at 
the  same  point.  For  this  reason  i^harp  images  of  distant  points  of  light  (&ian 
iir  lam|i»>  are  not  obtained,  hut  rather  stellate,  jagged  figures,  with  projecting 
rays.  The  same  thing  may  be  seen  by  holding  a  card  with  a  tine  perforntian 
towaxd  the  light,  at  a  somewhat  greater  di&tance  from  the  eye  than  the  far  poipt. 
Slight  degrecii  of  this  irrtKular  astigmatism  arc  nonnal,  but  if  developed  to  a  high 
dcKtcc  the  condition  disturbs  the  visual  acuity  greatly,  by  producing  several 
images  of  each  point  of  an  object,  instead  of  one  image  (monocular  polyopia). 
This  condition  c.innot.  of  course,  be  present  in  eyes  deprived  of  their  lens. 
Irregular  curvatures  o(  the  coniea  act  m  a  similar  wav,  A,  E,  Fiek  ha*  elimin- 
aU^ifthese  by  the  use  at  a  lens  in  the  form  of  a  watcfi  glass,  placed  in  contact 
with  the  cornea  (contact-spectacles);  Lohnsteto.  bj"  placing  before  the  eye  a 
chamber  closed  tn  front  by  a  spherical  glasa.  aiKt  filhiig  the  intei-xpace  (between 
the  cornea  and  the  eiilierical  gliiss)  with  0.85  per  cent,  solution  «i  cijnnnion  »aU 
(hy  drodiascupc) . 
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THE  IRIS. 


I 


I.  The  iris  acts  like  a  diaphraRm  in  an  optical  apparatus  by  cutting  o 
the  marginal  rays  (Fig.  379),  the  entrance  of  which  wotild  produce  a 
decided  spherical  aljeirution.  and  as  a  result,  indistinct  vision-  2.  As 
the  pupi!  cunlracls  strongly  in  bright  illi]niin.-itiQn,  it  regulate.';  the 
amount  of  light  that  enters  the  eye;  in  this  way  fewer  rays  oflight  enter 
the  eye  when  the  lighi  is  strong  than  when  it  is  feeble.  3.  The  iris 
acts,  further,  as  an  auxiliary  to  the  mtiscle  of  accommodation. 

As  the  retina  can  adapt  itself  to  a  comparatively  w^dc  range  of  illumination, 
the  pupil  (after  the  lirst  reaction)  can  resume  its  size  (from  j{  to  4  mm.)  if  the 
limiu  of  illumination  are  between  100  and  1100  meter-candles. 


642 


T«E  tms. 


The  saxt  of  the  pupil  incTtsue*  frotn  the  Itntt  mooUi  of  Jlfo  up  to  ffotn  the 
t.bin)  to  the  sixth  yv»r:    aiKl  with  it  ulKo  the-  amplitude  of  reacuoa  doer 
though  mure  slowly. 

VVitii  regard  lo  t1ie  size  of  both  pupils  it  may  Ue  remarked  that  wbc 
Ui«re  is  semidecussation  of  the  optic  nerves,  the  pupils  are  always  of  tbe~ 
some  six«,  and  they  react  symmetrically  (man.  cat).     In  animtils  in 
which  the  decussation  is  total  {horse,  owl),  and  in  those  that  have  only  a 
few  uncrossed  fillers  in  the  optic  tract  (rabbit),  iIk;  pui>itlary  refWx  is 
oonfioed  to  the  eye  tested. 

The  iris  has  two  muscles:  the  sphincter,  which  surrounds  the  pupil 
and  is  supplied  by  the  oculomotor  nerve:  and  the  dilator  of  the 
pupil,  supplied  chiefly  by  the  cervical  sympathetic  and  the  trigeminus. 
The  two  muscles  are  antagonistic;  the  pupil  dilates,  therefore,  after 
paralysis  oi  the  oculomotor,  by  the  predominance  of  the  sympathetic; 
conversely,  it  contracts  aJter  excision  of  the  sympatlietic.  Simultane- 
ous irritation  of  both  nerves  causes  the  pupil  to  contract;  the  excita- 
bility of  the  oculomotor  is  consequently  the  greater. 

Accnnhng  tn  Arastcin  and  A    Mayer  al]  the  re r^'c -fillers  lose  ibrir  myelin- 
shcBthft  after  a  short  cour»e.     Ho&t  of  the  motor  fibers  near  the  spliincter  coosis 
of  naked  Inindic:*  <if  rilK-m      Under  the  anterior  e|^>itheliuin  there  is  a  netwc 
of  exccfdincly    fine   senBor>'  nerNcs.     Numerous   filn-rs  puiw   to  ihc  c^piUa 
and  arteries  iui  va.sitnKiliir  nerves. 

The  movtoaenta  of  tht  IrU    take  place  under  the  following  c«mditton«: 

I.  Jrritnti"!!  I'f  Lhe  retina  by  light  causes*  a  contraction  c^f    the  pupil  co 
epoeidiny;    to   ihc   inU-nsily   ftnd   extent    nf  the  irritation.       Irrilntii^n  of  thv  opli 
nerxT  itwlf  hss  the  Bjme  effect      This  movement   is  a  reflex  action   iransfrr 
lo    tJie    path  of  ihe  oeulntiiotor  nerve      The  center    is  situated  in  the  anteri< 
pair  oi  (luailriifrminBtc    boilies  near  itie  atjiieduet  of  Sylvius       Aft«r   »f>ction^ 
of  the    optic  ncr\'e    tbv  pupil  dilates  and  sui)«equent  section  of  the  oculomoii  r 
caukes  no    fiinliiT  dilatation.     In  the  dark  tl»e  r>upil  dilates,  at  lirst  rapidly. 
later  more    s!"wly        Immrdiiitely  nfter   the   tlarltmin^   an   illumination    muii' 
have  considcrabkr  strength  to  cause  pupillary  contraction.       After  the  eyr  ha, 
Iwconir  accuatoincd  to  the  darkncsa.  a  ueakcr  light  U  sufficient.      A   flash  ttf' 
bKhtniii^-  foUowinR  a  loraj;  period  of   darkness  produces    stronj;  and    pivlon^d 
C(i«itrnction.     A  kIow  incTvn«i.-  in  illtimination  is  Almost  n-ithuut  elTect 

>    The  center  for  the  dilator  til^erB  of  the  pupil  is  irritait-d  hv  a  state  of  the 
blood  causnn^;  dyspiu-a.      H  the  dyspnea  passes  into  asphvjtia,  tfie  dilaiatton  o| . 
the  pujiil  diniinii;lies-      Previous  section   of  the  pehpheral  dilator  tibert         ' 
(hcH-  reaclions  impocsible     Sudden  antrmia  also  nas  a  stimulatinK  action. 

J    The  center,  as  VitH  as  the  dliospinal  region  of  the  cord  subardinatcd  to 
it,  is  also  niKi'ptitile  to  reflex  irritation.     I'ntnful  excitation  of  the  sensory-  nervc« 
producer  dilatation  of  the  pupils  and  pmtrvKsiiin  of  the  eyeboills.  as  was  demon-^ 
strntvd  by  the  ancient  acts  of  torture.     Labor-pains,  loud  noises  in  the  ear.  imia-T 
tivns  of  the  ncrs'es  of  the  wxual  organs,  and  even  slight  tactile  scnsationa  havc>~' 
the  fame  etfcct      According  to  Beehlerew.  these  results  arc  due  to  an  inhibtbon 
ii(  tho  light-rx'rtex,  in  the  scnuc  cxprewed  on  p.   7.(1. 

4    The  (Mtidition  of  the  blood-vmels  of  the  iris  has  an  tmfjortant  infltienc 
on  the  size  of   the  pupil.     Ev-vrything  that  increases  ih«ir  injection    rontmni 
the  pupil,  while  everj'thing  that  diminishes  the  amount  at  blood  diUte>  ■ 
TllC  pupil   is  contracted,   therr-forr.    by   forcvd  expjration.  which    pn 
return  of  btotxl  from  the  head,    moinenlarily  by  each  pulsation  of  thi-  iicun 
diajttolii-  tilling  i^f  the  arteries^ .    by  dccrcaac  of  intraocular  preimure.  for  cxan)| 
afl«r  puncture  of  the  anterior  chamber,  bvcausc  more  blifd  can  enter  the 
of  the  ins,  owing  to  the  diminisbrd  intraocular  pressure;  further.  b>*  paral^ 
of  thw  vusomotoe  libefs  of  the  iri«.      ConverM-ly.  the  pufnl  is  dilaicd  by  c^ndiUc 
the  ^e^■ence  of  those  already  meniionod,  and  also  by  strcof;  muscular  ezei 
dunng  which  bloid  rushes  into  the  dilated  musralar 'brandies,  and  further,  wl 
death  t.il-.  The  inlUientt-  i-f  [he  annrtint  of  MntKl  amnints  also  (or 

fact  tliui  i    «heii  dila:ed  by  atn>[.>in   becomes  narrcrtcer  as  soun  as 

BU|>cnor  i.iiK  j>  i-huipathetic  ganKhun.  which  supplies  a  pan  of  tbr  vasmwtt 
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of  iht  iris.  18  excised:  and,  furthor,  th&t,  Aft'f  r  fxcisiMi  of  this  g&nglion,  atropm 
has  less  cilect  upon  the  pupil  of  th*  same  sidf  The  jncreastd  dilatation  of  the 
pupil  by  irritnT.11111  uf  Iho  Kvmpathi-Lic-  »(Ut  tnktillution  of  utrujiiti  iti  probably 
also  the  rrsull  of  diimniihrc)  injection  of  thv  vpswls  ut  the  iris  If  an  animal 
whose  pupil  is  dilated  by  atropm  be  bled  to  death  nuicklv.  llic  pupil  contracts 
on  account  of  tlic  irntaiiun  of  tht  wuliiraoiur  cemcr  by  tne  anc-nita.  The  dila- 
UHioii  wf  the  pupil  in  ciisrs  of  iriRcminii]  nfiiTnlKia  miiM  lir  rcftrtnd  piirtly  m 
irritation  of  tnc  dilator  libers,  and  panlj'  lo  irritation  of  the  vasomotor  libtrs 
of  the  iris. 

5,  Coiitxactioa  of  tin;  pupil  occurs  as  an  aMOciat«d  movement  during  accom- 
modation for  near  ^-tnnn,  further,  as  n  result  of  utronB  effort  to  clnte  the  lids, 
and  in  rotntion  of  the  cvcball  inward,  which  is  the  case  during  sleep,  Canversely. 
intense  movement  of  lh«  iris,  caused  by  variations  in  the  brightne<is  of  dazzling 
lighl>i,  (ur  exautple  of  idi-ctric  Hutit.  pnjJutis  dniturbinj;  .wsfH--! filed  movements 
of  the  nliary  mu»cJrs,  In  connectiim  with  certain  mQVcmciits  t-xcited  in  the 
medulla  olilongaia  (forced  brcal]ung,  chewing,  swallowing,  vomiting)  dilatation 
of  ihc  pupil  ricL-uia  an  a  kind  of  aah(jciaiv<l  movement. 

Dirc<:t  stimulation  u[  the  cvmeiU  limbus  cautvs  diUlatiun  of  the  pupil.  In 
fact  partial  dilatation  niay  be  produced  by  direct  irritation  «f  a  circumscribed 
portion  of  the  raarpn  of  th*  ins.  by  coniraction  of  the  dilator  fibers,  although 
also  the  sphincter  contracts  ol  the  same  time. 

If  a  iiome  be  placed  in  a  dark  rutiin  cm  one  ride  of  an  eyt-  directud  straight 
alu-ad.  am!  HtieniKin  in  suddenly  directed  to  the  Itamu,  withma  chnn^njj  ibe 
direction  of  vision,  the  pupil  contracts.  This  movement  is  known  as  tbc  "cortical 
reflex."  Other  things  beinj;  equal,  an  analoKuux  dilatation  of  the  pupil  alsu 
lakes  place:  one  may  iibwrve  variations  in  the  siie  of  the  pupil  fmm  the  mere 
conception  of  light  or  darkncsfi,  even  in  the  bUnd.  Bcchtcrew  saw  a  case  of  uni- 
latenu   voluntar>'  dilatation   of  the  pupil. 

As  to  the  action  of  poiaoni  .vn  the  ins  iifiiDrancc  still  p.rev*it!i  The  mydf  latics 
cause  dilatation:  Airupin.  liomalriipin,  duLoisin,  scopolamin,  datunn.  hyoscynmin, 
hynscin,  probahlv  thnniKh  pijrnlysis  of  the  nctilonnitor  phieHy  They  must  als*> 
stimulate  the  difating  fibori  at  the  same  time,  for  in  the  presence  of  complete 
oculonioinr  palsy  tin-  ninderiLtfly  ililutcd  pupil  w;  still  further  dilatcil  by  atropm. 
Minimal  doses  nf  atropin  cause  cnntraction  of  the  pupil  by  stimulation  "f  the 
pupil -contracting  (ibcrs.  Excessive  doses  cause  moderate  dilatation  as  the 
result  of  paralysis  of  both  the  dilating  and  contracting  fiVters  Atr»))in  acts 
c^en  after  destniction  of  the  ciliary-  ganglion,  in  fact  on  the  enucleated  eye. 

For  the  action  of  the  constrictors,  <Jt  myotics:  ph>-so6tiginin  (or  cscrin,  the 
ntkaloid  of  physostigma).  nicHin.  ptlocurpin,  niuscarin.  and  moruhin.  s<>iiic 
invcitigators  assume  a  stimulation  of  the  ofulomotor,  others  a  puraivsi«  of  the 
sympathetic.  .As  these  rtnigs  cause  eontraetion  of  the  eitinry  muscle  iVrunhag<m 
supposes  an  analogous  action  upon  Ihc  sphincter  In  all  probability  they  pjira- 
lyie  the  dilator  libeni,  and  stimulate  the  oculomotor  tilH-rs  at  the  same  titiW- 

Intravenous  injection  of  supraniial  extran,!  tauws  all  signs  of  irritation  oj 
the  ocrvical  siTnpathelic  in  the  eye. 

1(  one  pupil  IS  contracted  or  dilated  bv  these  dru^.  the  other  pupil  is  con- 
versely dilated  or  cuiitrarted  on  account  of  the  variation  in  the  amount  of  light 
that  eIUer^  the  tvc  into  which  the  drug  ha»  been  introduced. 

The  AncBthaticB.  -  CliK'Tofomi,  in  iliv  ex eitiiti'.«i -stage  of  nurcosin  [tjeginning 
of  unconsciousness),  stimulate*  the  center  for  the  dilatation  of  the  pupil  Later, 
this  center  is  parnlvied  (sn  that  no  dilatation  occurs  on  the  application  of  external 
stimuli).  Then,  tlic  comtracting  center  is  stimtdated  (the  ptipil  becoming  reduced 
to  the  sine  of  a  pinhead).  and  hnally  (with  danger  of  death)  this  center  becomes 
parnlyxed.  and  the  pupil  dilates 

'1  he  movements  of  the  iris  are  always  accompanied  by  variations  in  the  intra- 
ocular pressure  Dilatation  of  the  pupil  increases,  contraction  of  ihc  pupil 
diminishes  the  intraocular  prertsure  Irritaliim  nf  the  svmpatheltc  increjwes, 
section  diminishes,  the  presjurc  Instillation  of  alrojiin,  alter  a  shcrt  temporary 
lowering  of  the  pressure,  produces  an  increase.  Esenn,  after  a  primary  increase. 
CftuseH  diminution   of  the  prvssure. 

According  to  Hoeker,  atrojMn  decre.-ues  the  pressure;  eserin  increases  it  pri- 
marilv  and  then  derreaw-s  it  <>n  the  appearance  of  myosis. 

lieflex  dilatation  of  the  iris  occurs  slightly  later  than  reflex  contraction; 
respectively  05  and  o  j,  second  after  the  ligliC-stimulus  A  certain  period  of 
time  always  elaptes  before  the  sitf  of  the  pupil  adapts  it»rlf  to  the  amount  of 
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tion  are  due  to  bodies  behind  the  pupillary  ^Iftne  (3).  It  should  be  noted  in 
this  conm-ctum  that  tlii.-  imjireiction!^  of  the  utiniuIiiltKl  porTion&  ot  ihe  retina  art 
projected  ciuiward  in  the  oppstsitc  dirvction. 

3.  Purltlnje'a  figure  depends  upon  shadows  thrown  by  the  blood-vessels  within 
the  rctinu  iipun  thi;  [lu^toriur  p«.-n'ipii.'iit  layer,  the:  layer  iif  rods  and  cones.  In 
ordinar>'  vision  they  cannot  be  pcrcdved.  Accwnlinf;  lo  v  Hclmholtj;  this  is 
probably  becBUsc  tlic  ii-nstiivcncss  of  ihcsc  shndcd  portions  of  the  retina  is  gTx:&Ier 
than  tbiit  ot  the  remainder  uf  tlie  rvtina,  and  lhi;ir  irritability  is  less  exhau3l<;<i. 
As  toon  Ai  the  pontion  of  the  vcud-shadow  it  changed,  so  that  it  is  throu-n  to 
one  side,  insli-nd  of  directly  txiclcward,  on  plaecs.  therefore,  that  ordinarily  do 
not  receive  shsdotes  from  tnc  vcseelB.  the  Purldnje  figure  at  once  appears.  The 
light  must  enter  the  eye  as  obliquely  as  possible.  The  exiierimeni  may  be  made 
in  several  ways;  (i)  A  small  bright  image  of  a  light  may  be  tlirovm  iiiicin  the 
sclera.  As  it  move*  up  and  clown  the  vessel- figure  moves  with  it.  (i)  Looking 
directly_ upward  at  the  sky.  the  depressed  tipper  lid  is  lilinkcd.  so  that  momen- 
tarily, in  correspond  cure  with  the  blinking  muvcmeni,  ubliqiie  rays  iif  lighl 
enter  the  lowest  part  of  th«  pui>il  from  above  do^-nward.  (3)  One  may  look 
through  a  small  opening  toward  the  sky ,  aiid  move  the  opening  quickly  to  and  fro, 
so  that  shadows  fall  rapidly  from  both  sides  of  the  vl-smIb  on  t))e  neighboring 
rodx;  or  (4)  one  may  look  straight  ahead  in  a  dark  room,  and  move  a  light  to 
and  fro  helow  the  eye.  OccaKioiiiilly  in  this  ex|>i'riment  the  macula  liitea  is  scon 
— like  a  nonvascular  shaded  depri'ssian.  appearing  (on  account  of  the  invernon 
of  objeciKl  on  tlie  inner  side  of  the  opiic-nerve  entrance. 

3.  Recognition  of  the  Horement  of  the  Blood-corpuscles  in  the  Retinal Capitla- 
riet. — -On  k>i'kin;(  twithciit  iici,->jmiin>iliiti"n)  at  a  large  bright  s^l^fa^-e,  or  at  the  sun 
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through  a  dark-blue  gla».  brilliant  points  liki'  liny  sparks  are  seen  to  move  in 
various  tortuous  paths  over  larger  or  smaller  spaces.  The  movement  aiipeared 
to  Landois  to  rcscmWc  most  that  of  a  Oyrinus  awarm  (small  water- bee  lies) 
on  the  surface  of  the  water.  Tlir  particle.9  can  often  be  seen  to  follow  each  other 
in  definite,  outlined  pnthi.  According  to  some  obtervcrs.  the  phenomenon  is 
due  to  the  fact  that  Ihc  red  blood -corpuscle* — in  the  capillaries  '.oitnde  of  the 
external  nuclear  layer— act  as  small  concave  disee.  concentrating  the  light  falling 
on  them  upon  the  rods  of  the  retina.  Each  corpuscle  must  be  in  a  suitable  posi- 
tion: if  it  turn  over,  the  light -phenomenon  disappeiirs.  Vierordl.  who  projected 
the  movement  upon  a  icr«n,  calculated,  from  its  rapidity,  that  the  velocity  of  the 
blood -ciirrent  in  the  retinal  capillaries  in  (rem  0.5  to  0.75  nmi.  per  second,  and 
this,  in  fact,  com-5ptmds  to  the  dincl  obwrvatiims  of  E.  H  Weber  and  Volkmann 
on  the  blood  current  in  tJthcr  cajiillaries ,  Compression  of  the  carotid  artery 
retards  tht  movement,  rekaiic  of  inc  vessel,  as  well  as  isliort  expirator}'  preosure, 
accelerate  it.  As  Landois  occasiotl  idly  observed  the  p^>iiits  as  dark  spots  on  alight 
ground,  and  as  bright  ones  on  a  dark  surface,  the  phenomenon  is  probably  belter 
explained  as  a  pressure- phf>spht-nc  (nccurHing  to  5),  from  the  friction  of  the  blcMMl- 
corpuscles  in  the  capillane£  against  th<?  rods. 

4.  The  jretlow  Spot  apiiennL  ako  occasionally,  when  viewed  with  uniform 
blue  illumination,  as  a  darlc  circle.  In  Ktri^grr  light  the  position  ot  the  .vellow 
spot  may  be  seen  suTTrrunded  by  a  blight  urea,  having  a  diameter  about  thrice 
as  large  (Liiwc's  ringl 

S  Pretsure-phoBphcneSi  that  is  thoM.'  jihenomcna  that  aijpear  under  the 
influence  of  pressure  im  the  eyeball,     {a)   Partial  pressure  on  the  eyeball  induDCS 
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ibe  Bo-oalled  liiminoufi  preMtire-pi<^t«re  or  phonphctvc,  which  wiw  tmnwn  la 
AriMotle.  By  the  [mijwtHin  <if  this  rclinal  stitnulaiion  tmin-artl.  ihe  pbov- 
phenei»  rxTcHvrtl  nfi  thrtiik-  of  the  visual  held  oppcKiti^  to  that  wherv  the  pt««ure 
was  miHlc  upon  the  retina.  For  example,  pressure  on  lite  tniter  side  "f  the  ej-*- 
hall  causes  llie  light -plienmnenun  m  aiiiH-Mr  on  the  inwr  ride  If  the  retina  w 
darltened.  the  ph'iKplienc  apjH-ars  ItriKht:  if  the  retina  is  illuminated,  tbc  pho*- 
phcnc  api>cArs  as  a  <!nrli  spot  within  which  the  Wsual  scnssaiiiin  is  momentarily 
aboli>ihc<i,  (hi  If  uniform  pfesBurv  from  before  b;u:kw*aTd  be  tnatic  (•jt  sotnc  time 
on  the  eyeball,  there  apj*'"'  '"  'he  held  of  Vimcm  after  a  lime,  as  Purkinjc  pointed 
out.  briRni,  ch.injrin};  tijpirt-s  which  produce  a  strange  phantasiic  play.  oHvn  nniilar 
to  the  mdgt  liriltiaiit  kaleii)c«copic  pictures — probably  comparable  to  ih«  (««ltng 
of  formieatior  pmduced  by  pressure  upon  tlie  sen.tory  nerve*  (limlMi  "Sjoin^  to 
tleep").  (£)  By  applying  v<]uable  and  continued  prrmurc.  Steinbach  and  Purktn)e 
uw  appetir  a  vwtcular  network  i>f  a  bluish-silver)*  color,  with  streaming  contmts. 
which  seemed  to  cnrrespond  \n  the  retinal  veins  V'icroirlt  and  Lajblln  recognieed 
in  addition  the  ramifications  of  the  ctloruidnt  veucls,  red  on  a  darit  haclc{round. 
as  a  network  with  the  foniis  characteristic  of  th«i«  captllarics.  (if)  According 
to  Houdin  it  is  tiOMiblt  also  to  recognize  the  position  of  the  ycUow  spot  by  pm- 
sure  rtn  th«  eyoViall. 

6  The  Mitoptic  puln-phtnomenon  belon)^  lo  the  presturc-phMpherves,  ar 
depends  upon  thL-  mechanical  itimulaiioii  o(  the  optic-nerve  t'lliers  by  ihe  pulsaiitl 
iVttnal  vessek. 

7  The  point  of  entrance  of  the  optic  nervv  may  be  perceived  on  rapid,  jerking 
movements  of  the  eye.  espcdallv  inward,  as  a  fierV  circle  iw  semicircle,  lightly 
lanP-*'  than  a  pea.  Probably  the  retina  around  tne  ner\'e-4-nt ranee  is  irritated 
mcchanicalh'  by  the  beiidin;;  of  the  nerve.  Londvis  saw  this  rinj;.  as  did  Purkinjc. 
remain  pcrsislcnt  when  the  cv-c  was  turned  strongly  inward.  If  ibc  retina  isstroayly 
illuminated,  the  ring  anpears  dark,  and  when  tlie  visual  field  is  colored,  the  nitf 
haxadlfierent  hue.  li  Purldnje's  tiffure  be  produced  at  thesmie  time,  tbe  bloe^ 
vessels  appear  to  sprin([  from  tht&  nn^t -a  pTiw>f  that  the  ring  corresponds  to  the 
i^tic-nervc  entrance 

H.  Acconunodatioa-fpoi. — If  the  eye  is  aecominodated  as  stmn^y  »>  pocslble 
for  a  white  surface,  a  Mnotl  briitht,  vibrating  xhimmer  irppean,  in  th«  middle 
of  which  a  brownish  hjoI  the  size  of  a  pea  may  shortly  be  ooscrved.  If  presstue 
be  made  un  the  lyeball  at  the  same  time,  this  spot  becomes  more  distinct,  ^^*hen 
tliis  phrnnmenon  in  imtx  recoitniced.  a  brighter  spot  may  be  m-X'H  in  the  middle 
of  the  visual  held  when  lateral  pressure  is  made  upon  (he  orjcn  eye.  another  proof 
that  the  inlroocular  prc««ire  risca  during  nct'immodatinn.  By  producing  the 
preceding  phenomcnun  (Mo  j)  it  is  rtemonsrtrnted  thai  the  pbenrwnenon  tables 
place  at  the  optic-nerve  entrance 

p.  The  iceommodaiion-phospbene  ruiuJHts  m  the  appearance  of  a  hery  ring 
at  the  periphery  of  the  xnsual  field  when  the  eye*  arr  suddenly  alkiwed  to  come 
to  ml  after  prolonicd,  intense  accom  modal  ion  for  near  vision  tn  the  dark.  'I^r 
sudden  tension  of  the  Konute  of  Zinn  resulting  from  the  relaxation  prvditccs  a  me- 
chanical stretchini;  of  the  cdj;c  of  the  retina,  or  more  prul>ably  of  th«  retina  juM 
beyond.  PurJcinjc  saw  the  phenomenon  also  after  sudden  cessation  of  prewure 
upon  the  eye 

lo  Mechanical  IrriUtion  of  ths  Optic  Herrt.— When  the  optie  nerve  is  severed 
tn  man.  m  the  ciiurwe  ol  an  ojjcration.  a  bright  flash  appears  at  the  moment  of 
section.  The  incision  thnmgh  the  uptie-nrrvc  liljen;  is  painless,  only  ihc  sheath* 
are  sensitive. 

II.  Electrical  Phenomena. — With  variations  in  an  electric  current  (one  |>ow 
on  the  upper  li<l.  the  f.ihi-r.m  the  nctk)  iKiyht  flaslies  odi^t  shoot  over  the  entu* 
visual  field      The  closing  Hash  is  »tnin]ci.-r  with  an  aaccnduig  current,  tt»e  ojienmi! 
flaah  strouiter  with  a  descending  currcnl.     A  uniform,  constant.  nst^mnH  cur- 
rent applied  lo  llK-  cloM-d  eye  nevials  the  optic-nervx  papilla  a*  a  'lark  disc  loa 
whitish -violet  liekl.     ."Vt   the  same  time   sensibility  for  whtl*  U  mcrcascd.  Wia 
for  black  diminwhed.     With  a  ilescending  current. on  the^    oiWi ban^l. Vhc  vjeuf* 
tietd  appears  crLcniih-yellnw,  and  darkened,  and  in  its  mk*W  t>ie  (nmUoa  "* 
n„v   -T-"  ■•■  '■■'•■'  '■'"  ■       i'  ■  ■■"■nial  colters  art  ubaer^ed  ».X  v\«  wsnc  »"^-/-"^ 
igii.  >w  with  the  culoni  looW- 1«4  »\.   ■^'"^V^J^-vIi 

Hu.h  rn.il  objects  are  widt*^Lj\«>*«>.VM6*^f^"ilt; 

:md  .imiiiii>Jird  »»  ««  v  oiH.-n;  while  a  di=^=««-Av^^wn^-"        ^,^ 

thcin  m-  n-J  g  awlcctrotonus         .  <A  vt..  '*>^7i^eal  \>*V 

form'  ■    nuii    the  scnslbihtv  T-        \s*.  VW  tl**'-*''^ 
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phcnnmiMia  und  aUo  that  few  objective  light  are  diminishpil.  At  linu'tc  the  macula 
lut«iL  sippcars  iu>  a  dtirk  isprit  nn  a  light  gruumt,  at  nthvr  timfs  us  a  light  spcjl  on 
a  darl;  ground,  according  to  the  dirrction  of  the  cunent.  ]( the  cuiTcnt  is  broken, 
th«  phennninja  are  reversed  and  the  eye  noun  rvLunit  to  rent. 

When  the  c^-e  is  ilirccicd  towan)  a  sounx-  of  jjiolari/ed  liRht.  llaidinip'T's 
polariEalinn  hruNhcs  oppcar  at  the  paint  of  Axation  They  may  br  M-on  if  a  bright 
cloiii]  is  kiuked  at  ihrough  a  Nicoi's  prism.  Thvy  a[»pcar  a.i  hriKhl,  hluisli  .Himia 
on  a  white  xnnmd.  l>c<uRdt;d  by  two  similar  hjTicrlnjlas ,  iht  dark  bundle  sepa- 
rating them  IS  narrowest  in  the  center,  and  has  a  yi-llowisli  color  Blue  ak-ne 
tfi  the  various  color*  f>f  hrtmogcnoiia  light  cxhibitit  the  I>rus.lic8.  Accfirding 
to  V.  Helmholtz  the  seal  of  the  phenomenon  is  the  yellow  spot,  and  ii  depi^nda 
upon  the  fact  that  tht  yeliowcoliJrtd  elemnits  wf  this  *pot  art:  Mlightly  btPefringMit, 
and  tht-y  absorb  more  of  the  rays  in  unc  place  than  in  otherK, 

Finally,  there  should  be  mentioned  the  (niso/icJw  1'/  ligtii  prodaced  by  m- 
ttmai  cOBiti.  by  conxcsLion  <ti  Lho  retina  (as  rroni  violc-m  spells  of  coughing), 
increased  inlraoculnr  i)n-»ij«rc  nml  the  like,  or  by  conKcstiijii  of  the  cvnlral  n.-rebr!tl 
organs,  Irritttlir/n  i>i  the  psychooptical  centers  may  induce  distinct  phantasms, 
which  Cardanua,  GM.-the.  juhanncs  Muller.  K^Keh,  and  i>llicrH  cuulO  in  fact  exdlt; 
in  thcmKlvcs  voluntarily.  "Video  ijuai;  volo,  ncc  omnino  »*:inpvr  cwm  vijIo. 
Moventur  autem  pcqietuo  quar  \-idcntur  Itnqiie  vHtico  Ivcni;,  animalia.  orlx-s 
ac  qnaectintnie  eupio"  (I'nrdanus).  In  men  sutfcring  from  deliriom  in^mens 
something  similar  at  timcK  takes  place :  they  are  able  to  call  /orth  hallucinations 
cvon  in  daytinie,  .ib  snon  ae  iheylnink  of  certain  thin;^ — ^iiluntary  halUicinationic. 

aLUMlMATION  OF  THE  EYE,  AND  THE  OPHTHALMOSCOPE. 

Tlic  liglit  that  enters  the  eye  is  partly  alisorbed  by  the  black  uveal 
pigment,  and  partly  reflected  a}r,iin  from  the  eye,  and  always  in  the  same 


Flu.  fat'—Ananiut  lor  Ulumliuilni  itu  Bsdi  irf  Ibc  Ejrc  B. 

direction  from  which  it  h-is  entered.  If  a  person  plaee  himself  directly 
before  the  eye  of  another,  the  head  of  the  former,  as  an  opaque  body, 
naturally  cuts  off  a  considerable  number  of  rays.  As  no  rays  can  fall 
upon  the  eye  from  the  direction  of  the  head  of  the  first  person,  none  can  be 
reflected  from  the  eye  of  the  oilier,  which,  therefore,  appears  lilaek  to  the 
former,  for  the  rcnson  that  he  cuts  off  all  those  rays  that  rotild  be  re- 
flected toward  his  eye.  As  soon,  however,  as  it  is  possible  to  throw 
light  into  the  eye  of  the  second  person  in  the  same  direction  in  which 
the  first  looks  into  the  eye  of  the  other,  the  eyegropnd  at  once  ajipeiirs 
brighlly  illuminated. 
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same  dioptric  law,  an  enlarged,  inverted  real  image  (c  d)  must  Iw  formed 
outside  of  the  eye  (at  A  ft)  of  any  illuminated,  circumscribed  portion  of 
ihe  retina  (when  the  eye  is  accommodated  for  a  certain  distance).  If 
the  eyeground  is  sufficiently  ilhiminatcd.  this  image  formed  in  tlie  air 
will  fiosscss  a  corresponding  degree  of  brighmess. 

In  order  to  examine  more  carefully  the  mdtvidual  portions  of  this 
image  of  the  retina,  the  observer  must  accommodate  for  the  situation 
of  the  image.  His  eye  is  then  separated  from  tlie  retina  of  the  eye  under 
observation  a  distance  equal  to  the  sum  of  the  focal  distances  of  his  own 
and  the  other  eye.  At  this  distance  the  finer  details  of  the  eyeground 
cannot  he  recognized.  Moreover,  as  the  impil  of  tlie  eye  examined  is 
narrow,  only  a  small  portion  of  the  eyeground  can  be  seen,  and  only 
under  a  low  visual  angle;  aside  fmm  this,  it  is  often  impossible  to 
accommodate  for  the  image. 

It  is  necessar>',  therefore,  to  bring  the  eye  of  the  observer  closer 
to  the  eye  under  examina- 
tion. This  may  he  done  in 
two  ways.  (1)  By  placing 
before  the  eye  under  exam- 
ination a  strong  convex  lens 
with  a  focus  of  i  inch  (Fig. 
*9i.  O-  As  the  image  of  the 
retina  is  thus  brought  closer 
to  the  eye  (at  B),  as  the  result 
of  the  refraction  of  the  rays 
by  the  lens,  the  observer  'M 
can  approach  much  nearer 
and  can  still  accommodate 
for  the  image.  (2)  Or  by 
placing  a  concave  lens  (Fig. 
394,  0)  before  the  eye  exam- 
ined. The  rays  emerging 
from  this  eye  are  either  made 
parallel  by  the  concave  lens 
■0.  and  are  then  focused  on 
the  retina  of  the  emmetropic 
observer  .4,  or,  if  the  lens 
make  the  rays  divergent 
(Fig.  395),  an  upright,  virtual 
image  of    the    eyeground    is 

formed  in  the  distance,  behind  the  investigated  eye  (at  /?).  Under 
such  circumstances  also  the  observer  can  approach  much  nearer. 

The  illuminating  apparatus,  together  with  one  of  these  lenses  forms 
the  ophthalmoscope  of  v.  Helmhnltz,  the  basis  of  modern  ophthalmo- 
)py,  by  means  of  which  all  the  details  of  the  eyeground  cati  be 
tamincd . 

For  the  illumination,  v.  Hclmholte  nsod  sevprnl  pUt«ft  of  glaos  pluccd  bi-hind 

one  another  (for  bein-r  refiection).  in  the  same  pcmUon  as  ,S5  in  Pig.  iga,     A 

I^tang  mirrwr  ur  11  cuiiCJivt!  niirrtir,  wilh  a  focus  of  7  inchus,  ihroagh  the  Cirnt4?r  o( 

^whicli  a  bolr  is  Iwrcd  (Fig   3113,  i",.  5,1  may  also  be  praplwed.     Fig.  s^fi  show^ 

jtlie  (iphihalmoscop^c  appearance  of  ihe  optic-nerve  enirance,  and  its  vicinity. 

2*3  a  normal  eye.     The  Ic-ttcts  itidicaiu  the  tlrtiiiU-     lii  allniitw  ihr  ftiiidu*  ap|>vars 

''JTht  red.  bcuauM  liKht   piusses  intu  the  eye  through  the  noci pigmented  sclera 
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Siniiiiin.,,  .jf  u  \„HTnil  LmtiviKxl  iilwr  Ed,  JirvO- 
A,  Ouic  due  (pipllJn).  d.  iuiiurtil»T  liuiip  tiofl  :  li  <l\!t- 
tcofliii  ling;  '.brlcriB;  J.krm»'  ^.tajini  nf  «Tiviiu.Hi  ul  ili« 
ctacn)  WTrr)r^  A.  nf  Ihe  (miriJ  mti'.  /..  lamias  tnbmn: 
I,  wmpural  <cnleT)  »6.e;  n.  autA  (idivO  u<lr. 
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aad  uvea.  If  a  diaphrasm  be  placed  in  front  of  the  cj-e.  so  tbal  ooly  the  papil 
U  frc«,  the  c^'crround  afif-can  tiaiii.  In  manj  animaii  the  cyr^  fcav«  a  bnj^t- 
grccn  luit«r.  lltcK  {>ob»c«»  a  s^pcciftl  layer,  the  tnfietufn.or  ibc  inembraiLa  vcf«- 
color  of  Fictding,  which  m  the  camivora  is  composed  of  cells. in  the  bninvon  at 

fiben;  it  liei  b«ive«n  the  cfaotfo- 
capillary  Uyer  and  the  «trocna  o<  the 
uvea,  yielding  iatcrfenmce-coloss.  mmI 
reflecting  a  considcrible  aiDoant  at 
lisht.  ao  that  the  eyca  bava  k  colond 
tuster. 

For  cxamiDBtKjn  u(  tbe  •ntoior 
ehambtr  oLIi'^uc  ilJununattoa  it  oaa- 
plojred.  A  hngbt  beam  of  light,  eoa- 
denwd  b]r  a  convex  leaa,  is  ihrowtt 
obltqoHy  into  the  eye.  nprm  the  point 
to  be  examined,  which  xt>j>oan  ciear 
and  dtRttnct.  Tbe  point  thus  iUtitnm> 
Btcd.  for  example  a  part  nf  the  iria. 
con  tbni  be  magnilHrd  and  cxM.ttaacA 
with  the  help  of  a  kna,  or  even  of  a 
micrcecope. 

Ctermak  constrocUd  tbe  <jtrho- 
scope  (Fig  *97),  by  meana  of  which 
tbe  eye  is  plaeed  tmdrr  water  A 
small  gUu  trovt^b.  one  &ide  of  wfai^ 
it  nmioved,  is  tilled  with  water  and 
pressed  against  the  fate,  tn  that  tibc 
eye  and  the  faee  (ottd  ihe  sixth  side  of 
the  trough,  and  the  cornea  is  covered 
%^'ith  water.  As  the  index  ot  refractioa 
of  the  water  is  the  tame  as  that  of  tit* 
mnlin  •^f  the  eye.  the  ravs  pass  out  oi 
the  eye  unrcfneted.  Hence,  objects 
in  the  anterior  chamber  can  be  seen 
directly,  and  appear  at  though  ootaide 
of  tlie  eye.  .^  (unber  advaataife  bM 
in  the  fact  that  the  ob^ecU  an  bnnilit 
closer  to  the  obGer\-cr  s  eye.  Tbe  rays 
from  the  point  a  of  the  eyegnnind  would  leave  the  eye  ixaralld  as  &  C.  t^  C. 
if  the  eye  were  surrounded  b>'  air.  Seen  under  water,  bo«*evcr,  1h«»e  rays  i»h,  ab 
cootiaue  in  the  same  dir««tion  ns  far  as  d.  d,  where  they  arc  deflected  from  the 
perpetMlicular  on  emerging  from  the  water,  that  is  toward  <i  ••,  d  t.  The  ob- 
lerver's  eye,  looking  in  the  dirvetion  ej.  sees  the  point  a  eiowr,  that  is  ia  tbe 
direction  tdaf.  consequently  situated  at  ef. 


rn.    ^j      iriiliilisi  oIOm Ottkanse. 


THE  FurrcTion  of  the  retira  ik  vision. 

The  rods  and  cones  arc  the  only  parts  of  ihe  retina  setBiti\"e  to 
light;  they  nlone  are  stimulated  tiy  the  \*ibrations  of  the  htminiferoos 
ether.  This  Is  contirmcd  l>y  Mariotte's  experiment,  which  shows  that 
the  optic-nerve  entrance,  where  rods  and  cones  are  absent,  has  do  light- 
perception.     This  is,  therefor*,  called  tbe  blind  spot. 

If  the  letter  *.  {V\z  JTo.  P  Sjq)  of  the  twr  M-ick  IcttcrsB  and  f  ia  (ixatcd  with 
ooe  eye  Ub  v  thai    '  'alia  on  the  fovra  ccntialb 

{nl,  aiul  thk .  .    .  ih<-  of^ti*-  taocu  (N>,  the  letter  B  dis- 

II.  ■    ■   r.    r.T.    dra'w-n.  and  the  eye  ft3<s  the 

«  A  anil  i  arc  viwlile. 

___  -   .,..•,    .,../,    — '■■  nf  tbe  VMoal 

I  rrtin*     t»  v  the  bortsea- 

frcOTii"»i' 
'itiucirr  wonid  rm-er  ii  hiB 
^n  (ace  at  a  distance  of  i 
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The  fiixinf  that  it  is  irnliy  the  optic-ncrv'e  ontrance  that  is  not  Bensitiv«  is 
fumisbea  by  the  following  oDEerv-ations:  (i)  Donders,  by  m«uix  o(  a  mirror, 
threw  a  Etmall  image  of  a  iknie  directly  on  the  opitc-nerve  entrance  of  another 
person,  who  had  no  acn.%atiun  tif  lij^t  This  niJiic-an-d.  however,  as  soon  as  the 
image  was  displaced  to  the  nciKhboring  portions  o(  the  retina,  (i)  l(  Marioite's 
cxperimcat  be  combiacd  with  the  cxpcnmutts  that  ^'icld  iniio|)tic  phenomena  at 
th«  optic-nerve  cutra»c«,  the  lattei  cuiudde  with  the  blind  :rpi:>t. 

In  order  to  determine  the  form  and  apparent  tine  of  the  blind  spot  in  one's 
ow.-n  eye,  the  head  shoiild  br  placed  at  a  mstance  of  about  15  cm.  from  a  piece 
of  while  paper.  Then  a  small  point  should  be  lixed  with  the  eye,  and  the  poution 
of  the  buRO  spot  on  the  paper  detennined  by  moving  a  white  feather  about  in 
various  directions,  making  a  mark  wherever  its  point  first  becomes  viuble.  In 
this  way  the  blind  spot  may  be  mapped  out.  and  it 
will  be  found  to  have  an  irregularly  elliptical  fomi, 

from  which  processes  entcnd,  rcprtsmtinK  the  inscnji-      3  n  O 

live  origins  of  the  laree  central  vessels  of  the  retina.      C*  BJ  V> 

Mariotlc  concluded,  Iroro  bis  experimenl.  thai  the 
choroid,  which  is  perforated  by  the  oplic  nerve,  is  the 
hght -perceiving  merabrane,  as  the  ncr%-e-tibers  are 
nowhere  absenj  from  the  retina. 

The  blind  spot  in  the  eye  causes  no  appreciable 
defect  In  the  visual  field.  As  the  area  is  not  excited 
by  liKht.  a  black  spot  cannot  appear  in  the  ^Hsua!  field, 
for  tnc  sensation  of  black  presupposes  the  presence 
of  retinal  elements,  which,  however,  are  abneut  al  the 
blind  spot.  The  circumstanct:  that,  desipttc  the  in- 
sensitive spot,  no  unoccupied  spot  in  the  vitual  field  is  perceived  1*  due  to  psy- 
chical nction.  The  unoccupied  part  of  the  field,  cfvrrcsponding  to  the  mind 
Spot,  is  probably  filled  out  by  a  psychical  process.  Hence,  when  a  while  point 
on  a  black  surface  disappears,  the  entire  xurfncc  appears  black.  A  white  surface 
of  which  a  black  pirint  falls  upon  the  blind  spat  appsaj%  entirely  white,  a  nrinted 
p^gts  grayish  throughout,  etc.  In  the  same  way,  parts  of  a  circle,  the  middle  parts 
of  a  Ion;  line,  the  middle  portion  of  a  cross  are  probably  supplied.  Such  Images. 
though,  that  cannot  be  reconstructed  on  a  basis  of  probability  are  not  completed, 
for  example  the  end  of  a  line,  or  a  human  countenance.  Under  other  conditions 
a  phenomenon  contributes  to  the  fillinfc  out  of  Ibti  empty  space  that  has  been 
designated  the  "contraction  of  the  visual  field."  This  becomes  clear  if  the  letter 
a  is  made  to  disappear  from  among  the  nine  adjoining  letters;  the  three  tetters  of 
each  side  are  no  longer  seen  in  a  straight  line,  but  b,  f,  b,  d  arc  drawn  in  toward 
a.  The  surrounding  portions  of  the  field  seem  to  stretch  out  over  the  position 
of  the  blind  spoi  and  help  to  replace  it. 

The  outer  segments  of  the  rods  and  cones  possess  rounded  con- 
tours; they  arc  placed  close  together,  but  there  must  be  spaces  between 
them  tcorresponding  to  the  interspaces  between  circles  placed  in  con- 
tact). These  spaces  are  insensitive  to  light,  so  that  the  retinal  image 
is  constructed  Uke  a  mosaic  of  small  round  stones.  The  diameter  of  a 
cone  in  the  yellow  spot  measures  from  2  to  2.5  p.  If  two  closely  sit- 
uated  points  form  images  on  the  retina,  they  will  be  perceived  as  isolated 
points,  provided  that  the  images  fall  upon  two  different  cones.  A  dis- 
lance  of  from  3  or  4  to  5.4  ,•'  between  the  images  on  the  retina  is  suliicient 
to  enable  Iheni  to  be  seen  separately,  as  they  will  then  fall  on  two  neigh- 
boring cones.  If  the  distance  is  so  diminished  that  bulli  images  fall 
on  one  cone,  or  one  on  a  cone,  and  the  other  on  an  interspace,  only  one 
point  will  be  perceived.  In  the  peripheral  portions  of  the  retina,  the 
images  must  be  still  further  apart  in  order  to  be  perceived  separately. 

As  the  FOundrd  ends  of  the  cmies  Arc  not  placed  in  exactly  straight  lines, 
but  SO  that  a  row  of  circles  is  adapted  to  the  interstices  of  the 'succeeding  row. 
exceedingly  line  dark  lines,  drawn  parallel,  appear  to  have  alternating  tmsls. 
as  their  images  must  fall  on  the  cones  alternately  to  right  and  to  left.  In  the  same 
way  every  straight  edge  of  an  object  appears  wa\-y  when  its  retinal  image  is  moved 
acrxMS  the  rotiua  with  moderate  rapidity. 
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Faintly  illuminntciJ  oljj«cl.i  an-  not  ujiprtciutcil  with  Um  some  <lef;ive  of 
accuracy  by  the  fovcn  centralis  as  by  the  surrounding  rctin«. 

If  bght  be  allowed  to  fall  f»n  the  fovea  centralis  ihrougli  a  screen  pcrfrirated 
like  a  sieve,  it  appears  as  u  (.■oiitimi'sus  bricht  nirface,  if  one  point  of  lisn(  falls  on 
cArh  cone.  For  this  it  in  neceBsar\'  that  from  t4o  to  149  pornts  o(  bght  fall  on 
6  01  s«|  mtn  of  the  fovcn  ci-iilrjilis  Accnnltn^  to  Salrer  there  ujt'  13S  cones 
in  this  area.  If  the  ptnnts  of  light  in  the  screen  are  to  be  appreciated  »!paratcly. 
«arli  illumiiiaTed  cone  must  be  surrounded  by  a  drcJe  of  noiJillununatcd  cones. 
In  this  ciwe  71  points  <>{  lijjht  iiiu>l  fall  on  0.01  sq,  mm.  o(  thf.  ffivea- 

To  test  the  \-isual  aciuty  in  direct  %isioii,  two  line  parallel  lines  drawn  close 
logclher,  art-  gradually  removed  further  from  the  eye,  until  they  appear  to  fuse 
atmust  iiito  uiie,      Prvni  the  distance  between  the  two  lines,  and  the  separation 
j  ol  the  dravHn;;  from  the  eye,  the  size  of  the  retinal  imn^c  is  determined,  and  oUo 

\_         that  of  the  corresponding  vituni  ungle,  which  is  ordinarily  between  60  and  90 
I  McOTids— the  lowest  limit  has  been  found  to  be  between  $0  and  ij  teconds. 

Indirect  vision  occurs  when  the  rays  of  light  from  an  object  fall  upon 
the  peripheral  portions  of  the  retina.  Indirect  vision  is  much  less  sharp 
than  the  direct,  but  the  periphery  of  the  retina  has  a  wel!-developed, 

E power  of  recognising  movements,  changes  or  intermissions  in  visual 
impressions. 
Perimetry. — For  ihe  determination  of  indirect  vision  the  iicriinctcr  of  Aubcrt 
and  F6r$ter  is  used.  The  eye  is  placed  opposite  a  tixaiion- point,  from  which 
extends  a  semicircle,  so  that  tlic  eye  lici  at  its  center.  As  ihe  aeiiiidrcLe  can  be 
revolved  about  Ihc  li.xatioii-poinl,  the  lurfacc  of  a  hemietphcrc  i«  formed  by  this 
rotation,  in  the  center  of  which  the  eye  is  placed.  An  object  is  now  pushed  mttward 
from  the  lixa lion-point  along  the  wmicircle  toward  the  pcriphcr;'  of  the  visual 
field,  until  it  becomes  indistinct  and  finally  disappears.  This  test  is  made  along 
the  various  nieridianjK  by  raovinR  the  arc  into  currcijiondinn  positions.  The 
ftirther  away  from  the  fixation -point  two  closely  placen  points  are  carried,  the 
further  they  must  be  aeparated  10  prevent  their  being  fused.  The  power  of 
dintinicuishinK  eotor*  diniinishe»  more  rapidly  in  the  jH^ripIirrj'  than  docs  that  for 
distinKii'shinK  difTcrcnccs  in  brightness.  The  decrease  is,  moreover,  more  marked  m 
the  vertical  meridian  of  the  eye  than  in  the  horizontal,  and  dccrcaics  with  Ihc 
distaiice  from  the  fixatiou-pennt,  Aubert  and  FOnter  diitcovvred  the  remark- 
able fact  that  in  accommodation  for  a  distant  object  the  decrease  of  the  differentiat- 
ine  {yowet*  in  the  penphcrj'  occurs  more  rajiidly  than  in  iiccommiMlutiun  for  near 
vision.  The  sensibilitv  of  the  retina  for  colors  and  for  brightness  is  greater  at 
points  on  the  temporal  side  of  the  fovea  than  at  equidistant  points  on  the  nasal 
tide. 

If  the  arc  of  the  pcrimelcr  be  divided  into  oo  degrees,  commencing  at  the 
fixation- point  {Fic-  309)  and  proceeding  to  L  and  Nf ,  mid  if  a  series  of  concentric 
circles  be  drawn  about  the  fixaiion-naint.  a  topographical  chart  of  the  visual  power 
can  be  mapped  out  for  the  normal  and  the  diseaKd  eye.  Fig.  jgy  will  serve  as 
an  rxaniplc.  The  thick  lineji  refer  to  a  diseiwed  eye;  the  corresponding  line  lines 
to  a  normal  one  The  c<^tinuous  line  represents  the  limit  for  the  nerocption  of 
white:  the  Jntemipled  hne.  that  for  blue:  the  dotted  and  inltTTupted  line  that  for 
red  (m  is  the  blind  spot,  according  to  Hirschlierul.  Tlic  limitK  for  the  normal 
e}ie  arc  as  follows: 
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The  rods  and  cones  alone  possess  the  specilic  eaergj-  of  being  thrown 
by  the  vibrations  of  the  luminiferotis  ether  into  the  acti\*ity  that  is 
tles^nutcil  sight.  Xeverthcless,  mechanical  and  electrical  stimuli 
applied  to  any  portion  of  the  course  of  the  nervous  app.iratus  can  also 
produce  sensations  of  light.  The  mechanical  stimulation  is  more 
intense  than  that  produced  by  light-rays,  as  is  shown  by  the  fact  that. 
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when  the  dark  figure  in  proiJuced  by  pressure  on  the  open  eye  in  con- 
sequence of  which  the  circulation  of  the  retina  is  disturlied,  cstemal 
objects  are  not  perceix'cd  by  the  retina. 

^1i«n  tlic  cy«  is  well  rcstcd.it  has  a  diminiEbcd  scnHtivcnes  (or  colon  to  s 
poor  light,  and  the  grvcn  vorlion  of  tlic  »{HX-truit)  eecms  to  po«M««  th«  Kn«tc«t 
aegree  of  bri?htn«M,  v.  Khes  bcli«v«s  that  und«r  stub  cifctunnuuec  toe  rods 
kre  mctiw,  while  vith  visaftn  in  Ktrnnj;  illiimmaLion  the  eaact.  functionate.  As 
eolfir-btirK]  individuals  pCTceivp  the  bn^htncss  in  the  spectrum  in  the  same  way 
as  does  the  vic11-re«ted  eye  in  a  pooc  light,  perhaps  in  their  case  anly  tlie  rods 
take  pari  in  vision. 

The  duration  of  the  retinal  stimulation  need  be  but  brief.  The 
stimulation  by  light  does  not  reach  its  full  strength  at  once, but  it  increases 
gradually,  so  that  a  wealc  light  that  persists  for  some  time  may  appear 


Jt 


.-_  r 


Tic.  aw-— PateKlitc  Chan  of  >  Hnlibr  aad  of  ■  PiiiMii  Ei*. 


just  as  bright  as  a  strong  light  that  persists  for  but  a  short  time.  In 
(teneral,  the  larger  and  the  brighter  the  objects  the  leas  the  time  necewar>* 
for  their  perception.  If  light  uod  darkness  are  quickly  alternated,  the 
frame  degree  of  illumin.ition  is  produced  as  if  the  action  of  the  light 
were  divided  uniformly  over  the  entire  time  of  the  observation.  A 
liglH-Mimulua  having  17  or  18  .nltemations  in  a,  second,  produces  the 
strongest  In  order  that  two  flashes  o(  light  thall  be  ner- 

ccivo"  <ccond  must  elapse  between  them.     Further, 

AJX  0.01  pnrt  nf  the  bght-inlensity  will  be  recog- 

-.]■■  the  percc^uion  of  yellow  than  for 

•  .    ,  to  darkness,  as  during  the  night, 

■ve  to  bght.     When  the  lighl*stimului  is 


THE    FUNCTION-    OF    THE    RETINA    IS    VISION'. 


855 


I 


of  long  duration  and  grL*at  intensity,  retinal  fatijjme  sets  in,  beginning 
earlier  in  the  center  than  at  the  periphen'.     It  progresses  Tdorc  quickly 

fttt  iirst  than  later. 'and  is  most  striking  in  the  morning. 

During  direct  vision,  objects  must  have  an  angular  velocity  of  from 

■  one  to  two  minutes  in  a  second  in  order  to  appear  to  be  in  motion. 

The  manner  in  which  light  acts  upon  the  tormina]  apparatus  of  the 
retina  has  already  been  discussed  in  connection  with  the  visual  .purple 
(p.  8tg).  Kuhne  showed  that  by  illuminating  the  retina,  actual, 
permanent  pictures  could  be  produced  on  the  retina,  for  instance  the 
picture  of  a  window,  but  these    gradually  disappear.     The  retina  acts 

'  in  some  respects  like  the  sensitive  plate  of  a  photographic  apparatus, 
and  the  light  is  conceived  as  having  a  chemical  action,  especially  as  nnn- 
illummated  retinas  have  a  more  acid  reaction  than  illuminated  ones. 

The  visual  purple  is  given  oB  hy  the  pigmented  epithelium  of  Ibc  retina,  as 
«  sort  of  s^retioa,  to  the  rods  alonr,  and  not  to  the  c<'n(-s.  A  bltAcIic<l  n-tina 
tuTi  take  up  the  purpk  &gtun  if  plaofd  in  ccvitact  with  living  pigment L-d  epithelium. 
There  aivtn'omcidilivattuiis  of  ihc  purple  m  the  aiiimal  kingdom.  The?  mummnlian 
relinii  is  bleached  alxnit  sixty  times  more  (|i]ickly  than  the  frou's.  Jn  tixed 
rabbits'  eves,  under  a  tropin-mydriasis  Ewald  and  Kiihne  obtained  sharp  opto- 
grams of  liright  objects  at  a  diMlance  of  24  cm  .  in  (n>ia  ij  to  i^  minutvK,  the 
picture  is  lixed  hy  4  pir  cmn.  solytiim  of  ultim.  The  \-isuaI  puqtlc  is  prcscr\'cd 
when  dissolved  in  bile  find  when  saturated  with  aodium  chlorid.  It  resists  nil 
Oxi'lusiiiK  agents,  einc  chlurid,  acetic  acid,  and  mercuric  chturid  transform  it  into 
•  yelk'w  substance.  It  becomes  white  only  throujih  the  action  of  liRht;  the 
nonluminoiw  hf  at  rnys  have  no  effect;  it  is  decomposed  by  tC'inpcraturfs  aoov^^  ja". 

Kuhne  found  that  in  the  illuminated  frog's  eye  the  pigmmt-gmnules  of  th« 
pigmented  epiihcltura  extend  further  between  the  outer  .legmenls  of  the  rods 
and  conei,  and  m  darktie^is  withdraw  again  into  ihi-  ouKrr  part  of  the  nigmfnted 
epithelial  cells.  In  the  eye  of  the  fiah  exposure  to  light  prwluces  also  decrease  of 
the  chromatin  in  the  granule*  and  ganglia. 

A  further  important  fact  should  be  mentioned,  namely,  that  the 
',  Inner  segments  of  the  cones  t^ccome  shorter  under  the  influence  of  light, 
and  elongate  in  the  dark.  The  action  is  always  bilateral,  even  when 
only  one  eye  is  exposed  to  light;  but  .ifter  destruction  of  the  brain,  the 
effect  is  confined  to  one  side;  strychnin-tetanus,  thermal,  chemical,  or 
electrical  irritations  act  in  the  same  way  as  light.  The  optic  nerve,  there- 
fore, must  contain  motor  (retinomotor)  fibers,  in  addition  to  the  light- 
perceiving  fibers.  Motor  phenomena  are  observed  also  in  the  ganglion- 
celts,  and  in  the  cmter  and  inner  segments  of  the  rods,  the  cells  of  the  external 
nuclear  layer  changing  their  form  at  the  same  time.  In  fact  these 
movements  cause  electrical  phenomena  in  the  eye.  Isolated  inner 
cone-segments  and  granules  likewise  exhibit  clianges  of  form  when 
exposed  to  light. 

According  to  v.  Kries  the  rods  are  entirely  color-blind,  and  their 
^-  chief  function  is  related  to  vision  in  weak  light;  the  cones  are  for  the  per- 
ception of  colors. 

In  changing  from  a  light  to  a  dark  room,  or  the  reverse,  the  eye 
.must  adapt  itself  first  to  the  action  of  the  light.     The  eye  adapted  to 
ight  has  been  found  superior  in  visual  activity  to  the  eye  adapted  to 
ness. 

Destruction  of  the  rods  or  cones  of  the  retina  causes  corresponding 
dark  spots  in  the  visual  Held. 

Strong  visual  impressions  render  the  retina  insensitive  to  light,  and 
ermonent  injury  and  blindness  may  result  from  necrosis  of  the  ret- 
elcmcnts  with  edema. 
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PERCEPTION  OF  COLORS. 

PhjrGical  Conndirations.— Thr-  \inriiiI.iiii'TiR  of  the  lumtni fibrous  pther  «fi~ 
p*Tctivcd  I>v  the  ri'tma  only  within  dci'iiiiiij  limits.  !f  n  lieam  o(  whitp  It^t, 
lori'-vaiiipli'  fruiii  thu  stin.  Iw  allowed  Ui  pau  tliMiuj^h  u  pnsin,  its  rn}'KRT(.-  rpfracted. 
aiidan'iIi-<x>miinB*iI  into  the  p'ifmatit  sptctratn  (Fig  la)  The  w  hut  light  contjuns 
rays  o(  widclv  ditTcrcnl  wavc-lcnRtlt.  or  number  of  vibratiuns.  llic  dull  heat* 
rays  are  the  ftaat  rrfrairud;  their  wiiv<--length  mejiitiirfs  o  ooig^  inm  :  they  do 
not  afTcct  the  rctitiji.  anij  nrr.  thcrcdnn-,  invisiMc.  aUhnugli  as  is  well  luiovn  Uicy 
affccl  the  sciiaorv  ittnce.  About  *jo  j^cr  cent,  of  these  rays  arc  absorbed  by  the 
ocular  media,  CuniinenciiiK  at  FraunliofcrV  Uae  A  (FiiJ.  15)  the  csciUationa 
©I  the  ether  txcite  the  retina,  and  the  color*  appear  in  the  follawinp  ordcc  red. 
with  ^St  billions  rif  vibrations  in  a  second;  nrangc,  with  jjj;  yrllnw.  with  563; 
grcvn.  with  60;:  blue,  with  (153;  indign,  with  t>-6:  and \'ioI«t.  with  764  billions  tn  a 
second  The  perception  of  color  depends,  therefore,  upon  the  ntuiiber  of  vibn- 
tinnK  of  thr  ether,  jurI  JU  the  P'l''h  (if  a  nule  ilci>n)dK  u]>cxi  the  numlicr  of  vibn. 
lions  nf  the  sounding  body,  The  heat-rays  that  lie  in  the  colored  fipcctmnt  are 
transniilicd  by  the  ocular  media  in  aJiout  the  same  wav  as  by  water  Beyond 
ihc  \Hiilet  rayji  lie  the  ihittikaUy  aitirc  or  aclinic  ra>-s.  The  ultra-violet  rays  arc 
larjtcly  absorbed  by  the  ocular  media,  especially  IJy  the  lens.  On  shuiting  oR 
the  entire  specTnini,  inchtding  the  violpt  rnya,  tht  ullra-virfct  rays  may  v-cl  be 
reeogTiired  froiii  (heir  ]>ale.  grayifeh-bltic  oior.  The  u!lra-\"iolct  ray»  caji  be  moot 
easily  demonKtrated  bv  the  phenomenon  of  Ilu*Te»cence :  on  illuminating  a  snlutioit 
of  iiuinin  stilphate  with  ultra-violcl  v.  Kelmholtz  ttaw  a  bhiiEh-whilc  light  ariw 
from  all  parts  of  the  sohitlon  that  wen?  reached  by  idtra-violet  rays.  As  the 
ocular  media  ihcniselvcs  exhibit  fluorescence.  Uiey  muit  increase  the  power  of 
the  retina  to  tlixtingiiDih  these  irvk. 

In  order  that  color  may  be  rccognixcd,  it  is  necessary  for  a  certain 
amount  of  liRlit  to  fall  u[)on  tlie  retina.  The  lowest  degree  of  l-riyhtness 
by  which  blue  may  he  recognized  as  a  color  is  i&  times  less  thun  that 
required  by  red.  If,  therKt'ore,  in  a  bright  illumination,  a  red  and  a  blue 
object  appear  equally  bright,  the  blue  will  appear  brighter  as  soon  as  the 
illumination  is  decreased:  Purkinje's  phenomenon.  The  retina  is 
least  readily  stimulated  by  red.  and  the  variations  in  intensity  of  red 
are  recognised  with  the  greatest  dtlliculty.  Therefore,  according  to 
Brfickc.  intermittent  white  light  is  jicrccived  as  greenish,  because  the  red 
component  in  white  light  nets  upon  the  retina  with  greater  diffirulty. 
Yellow,  on  the  contrary,  acts  more  powerfully,  and  then  follows  blue. 
In  weak  illumination  green  possesses  the  greylesi  brightness;  then  eome 
yellow,  blue,  red.  In  strong  illumination  the  analogous  succession  of 
colors  is;  yellow,  red,  green,  blue. 

While,  therefore,  lijiht  nf  vaiying  rapidity  of  vilwatino  pnMlnces  in  the  eye  the 
etnsation  of  dirtcrcni  colors.  Ihc  amplitude  of  vibration  (hcieht  of  the  wa^x-s)  deter- 
mine.-* the  iiHeiisily  of  lhcvi^ualimllrca3ion.  just  8«  the  loudness  of  a  note  dcf)cnd9 
upon  the  amplitude  of  the  vibrations  of  the  imrinding  body.  All  of  Iht  cotor*  arc 
unitcii  in  Minlight,  and  th<'ir  umitiltaneous  action  on  tne  retina  produeei,  the 
sensation  that  is  dcBignnted  as  the  sensattmn  tif  white.  If  the  «)lon!  of  the 
speeiniin  obtained  liv  tnL-ans  of  a  pri^im  are  n^rain  tuitted.  white  light  is  once 
mon-  prwUiet'd  If  ifie  relina  i*  not  influenced  by  vibrations  of  the  lumimferuus 
ether,  all  srnf,aiii.>n  of  light  and  nf  cr>l«T  ix  ahueiit;  but  Ihts  cannot  l>c  deuxnaied 
black.  It  1:1  rather  the  absence  of  sensation,  its  is  the  cose  also  when  n  r-t-y  at 
light  falls  on  the  skin  uf  the  back.  The  skin  perceives  neither  Hack  nee  any 
light  sensation  whatever. 

When  a  colored  object  is  illuminated  by  n  nvmiKhromatic  lisht.  tt  xjwa  Tto 
impreoion  of  color.  If  a  colored  object  «  illuniinatcd  by  two  Itjfhts  of  aifftmt 
color,  the  color-imprc*" ■'■'  '>>^r.'>aiU^)|AJ^JHIL'>f  ''i-'  IJi'l^'t  .-..fiiiims;  ilinm-  rava 
ihitt  would  Ik-  most  sti 
tight,  on  the  oontrarj'  . 
speetrum  than  docs  ibe  cvrnj' 
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The  recognition  of  the  impression  of  light  requires  lesser  intensity 
of  action  than  does  that  of  a  color.  If  the  colored  object  is  exceedingly 
small,  if  it  is  poorly  illuminated,  or  if  it  is  seen  for  only  a  short  time, 
it  apijcars  colorless.  Tlif  difTerenl  colors  show  dilTereiil  gradations  of 
activity  in  this  respect,  red  fumiRliing  the  most  unfavomble  conditions. 
Sintpii-  colors,  for  example  those  of  the  spectrum,  are  produced  hy 
the  action  of  u  definite  number  of  oscillations  upon  the  retina.  MixfJ 
c^Ivrs  are  produced  when  the  retina  is  stimulated  by  two  or  more  Eiraple 
colors,  cither  simultaneously  or  in  rapid  alternation.  The  most  com- 
plex mixed  color  is  white,  which  is  composed  of  all  of  the  simple  colors 
of  the  spectrum.  ComplcmetUary  colon  comprise  any  two  whose  ad- 
mixture produces  white.  For  the  sake  of  completeness  contrast-colors 
must  be  mentioned,  as  they  are  closely  related  to  the  complemen- 
tary colors.  They  comprise  any  two  colors  that  when  mixed  produce 
the  tone  of  the  general  illumination  that  prevails  at  the  time.  In  llie 
blue  light  of  the  sky.  the  two  contrast-colors  must  yield  bluish  white, 
in  bright  gaslight,  yellowish  white,  In  pure  white  illumination  the 
contrast-c-olors  arc,  naturally,  the  same  as  the  complementary  colors. 

methods  of  Hiriiig  Colon. — (i)  Two  solar  spi-ctra  arc  prtijccttMl  upon  a  screen, 
and  llic  colors  irj  l>c  inisetl  are  superposed,  (i)  The  observer  loo^s  oliliiiucly 
thnniKli  a  vertical  glaae.  jitau-  at  a  coW  lyiiiK  bthmd  il.  A  Ai-cond  color  is  placed 
in  front  of  the  plittc.  no  that  its  imagf  is  n-rtrrtctl  by  tht:  j-la-w  iiilo  the  eye  ot 
ibc  observer.  In  tbit  way  transmitted  liglit  iroio  one  color  nnd  rcfiecicd 
light  from  the  other  ent«r  th«  eje  at  the  same  time.  (3)  By  irtciins  o(  the 
"color-top"  small  sectore  of  vanows  colors  arc  rotated  rapidly  on  a  disc- 
By  rapid  rotation  thi;  iinpre«i>iTiK  prmlnewl  by  the  individual  colors  are  united 
to  produce  a  mixeri  color  If  the  mt.'iting  flise'  whu-h  vieMs  (<ir  t-xampli?,  a  white 
color  from  the  Lnixturc  of  the  pnsitiaiu  i-dlon..  is  viewed  in  a  rapidly  rotating  mir- 
ror, the  inflivkiiia!  ciimponvnts  cf  the  white  rfiip]n*ar  (it  Twn  dilTercnt  colored 
glasses  arc  placed  before  tlic  little  holes  in  the  cardboard  used  in  Scheincr'd  ex- 
pcrimeni  (j^i.  875,  Fi^.  j84>.  The  colored  rays  of  light  jiasiiing  through  the  holes 
arc  Mnitcd  on  tni-  rctiita  («r  xhv  i>n.nlucti"n  ijf  the  niixirtl  ciflor. 

Investigation  has  shoten  that  the  following  colors  of  the  spectrum  are  com- 
plementary, that  ts  two  together  produce  white;  red  +  greenish  Wuf ;  orange 
+  cyan  blue;  yellow  +  indigo  blue:  greenish  yellow  +  violet.  Grrcii  has 
the  compound  com  piemen  tarj-  color  purple  All  of  the  mixed  colors  may  be 
(Ictermincd  fnwn  the  fi»l|owing  liiblv.  .-\t  the  head  of  the  vertical  and  horizontal 
columnE  are  placed  the  simnic  colors;  the  mixed  color  is  found  at  the  inlerwttion 
of  the  respectivi:  hori^oiiLal  and  vertical  columos: 


VMur. 

tmMa. 

ClJMUXX. 

^^. 

Gamt. 

UBRBtlM 

Ytuav. 

Vnuw. 

Ki-d, 

Uncoiah  tctlmt.... 

Purpb. 
Dark  raw. 
niiilbiti 

nw. 
While. 

hliw. 
blue. 

rodifo. 

Duk  MM. 

Htiltidi 

nmc. 

While. 

HfhltMi 

m«n. 

blue. 
Wtlrry 

blue. 

tndllih 
VtUlK. 

Wiltlih 

gnta. 
WbltUi 

gfrat. 
Ululih 

snca- 

WU». 

WWibb 

kUm. 
Iflilibh 

flnen. 
Gnca. 

WMMi 

GtHBldl 

latum. 

GtMm 

jella*. 
VcUmt. 

OtUB*. 

Cr*ablue. 

Observations  upon  the  mixing  of  colors  have  yielded  the  following 
results:  (i)  When  two  simple,  but  not  complcmentarv-  colors  arc  mixed, 
they  produce  a  cotar-scn«ition  that  may  be  rfjircseoled  by  a  color  situated 
between  them  in  the  spcctnun,  to  which  a  certain  amount  of  white  is 
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added.  Therefore,  any  color-mixture  may  be  produced  by  a  color  of  tfaej 
Bpectrum  plus  white.  (3)  The  less  white  the  colors  contain,  the  nw 
saturated  they  are  said  to  be;  the  more  white  they  conUiin,  the  less 
saturatc^l  do  they  appear.  The  degree  of  saturation  of  a  color  dimin- 
ishes wiTh  the  intensity  of  the  illumination.  In  a  steadily  increasing 
illumination,  the  colors  become  more  nearly  while,  and  at  the  same  time 
they  lose  more  and  more  their  specific  cliaracter;  for  example,  in  a  bright 
light,  yellow  readily  pa>u;es  into  white 

As  the  pifi^ntent  of  the  macula  lul«&  partly  absorbs  certain  colored  liebts, 
na  explanation  ik  atTordod  Urr  the  frict  that  colore  srcn  Ity  thf  macula  aIon«  have 
a  (liftnrnt  appi-Brancc  froiti  thos<'  seen  by  other  portions  of  the  retina. 

Since  the  time  of  Ncwion.  attempts  have  been  made  10  const nict  a  so-callrd 
Ueomtiric  i;i>lur-tliart.  on  which  any  mixed  color  can  Im-  Imiiid.  acccudtni;  to  the 
principlL-  of  timMnictitm  of  the-  ctiitcr  of  graN-itj^-     The  Bccompan>-ine   figure 
s\l<rKS  such  a  cnlor  chart;   white  is  placed  in  the  middle,  and  diHcn-tit  colors  are 
nrpic^cnuti  ai  points  iu   the  curvv  surroundinK  it-     Prom  Ihc  center  (vrhttc) 
to  each  of  these  points  of  the  curve,  lines  may  be  drawn  and  each  color  may  be  J 
conceived  as  applied  to  the  line  in  tuch  n  nxmm-r  that,  cnminencing  at  white, I 
there  is  the  lightest  tint,  and  then  gradually  more  saturated  ones,  until,  finally,] 
at  the  point  ofthc  curve  designated  by  the  name  of  the  color  the  latter  appeon] 

in  a   [lurv  naturateil  form.       Be- 
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twccn  violet  and  red.  their  mixed 
color,  purple,  is  indicated.  In 
order  to  iletermiTte  ttom  this 
chATl  the  mixi^  color  produced 
by  any  two  colors  of  tht  spcctram. 
the  poiiita  of  tlwen:  colors  should 
be  connected  by  a  straight  ht>ti 
in  each  point  weights  may  b«^ 
conceived  as  placed  correspottd- 
ing  to  the  units  of  inienstty  of 
these  colors.  Then  the  position 
o(  the  center  of  gravity  of  the 
two  in  the  connecting  line  indi- 
cates the  situattoD  01  the  mixed 
color  in  the  color-chart.  Ths 
mixed  color  of  two  spectral  colon 
lies  in  the  straight  line  that  coq- 
nectfl  the  two  color-points  on  the 
coEor-chart.  It  ia  cnaly  seen,, 
further,  that  the  impression  oil 
the  mixed  color  corresponds  to 
an  intermediate  spectra]  cohH* 
mixed  with  white,  The  complementary  color  of  any  spectral  color  is  found  by 
drawing  a  line  from  ihc  point  of  this  color  through  white,  until  it  inicrecctsthc  op- 
posite edge  of  the  color-chart-  The  point  of  inleisection  civi;*  the  complemen- 
tary color.  U  pure  white  is  to  be  made  from  a  mixture  or  two  complementary 
colors,  the  color  l>ing  nearest  white  on  the  connecting  hne  must  be  cspeciBlly 
strtmg.  for  then  only  would  the  center  nf  gravity  of  the  connecting  line  ba 
situated  in  the  point' white. 

The  color-chait  |vennits,  further,  of  the  determination  of  the  mixed  color 
produced  by  thr«.-c  or  mtirc  colors.  For  example,  the  colore  desiznated  by  thtt 
points  a  (pale  yellow),  h  (comparatively  saturated  greenish  blue),  and  c  (com- 
paratively saturated  liluel  are  chosen  for  mixing.  In  tlic  thn-c  points  arc  placed 
weights  t'hixt  represent  tin-  initr-.s-ii,--;  ••(  il-i-  colors,  and    the    center  of    Kravity 

■   at  p.      It  is  ob\-ious,  however,  that 
.    .an  be  produced  also  by  the  color 
■  ruk  i>.  (or  p  can  pn^'.  as  wi>ll  be  thi-  center 
ihf  line  eonnefiinjr  prvenish-l>lue  and  white. 

'rawn,  enclosing  the  bKore 

,  red.  Krccn  and  violet. 

...    .,,^..  .-very  co»rcd  improHion. 

li-ierminrd  by  ptadnj;  at  the  angka 


«(  the  triangle  a  b  c  is  <! 
this  mixed  imprcssi'W.  •  ' 
greenish-blue  +  wlv 
of  gravity  of  two  wi; 

Arinind  (he  colot-i  n.^!;  1^ 
on  al)  sides.     Ths  three  nrir 
lie  in  the  angles  of  '^ 
that  is  any  point  of 


PBRCePTION    OP   COLORS. 


SS9 


of  tliB  triuif^e  vraJghM  cnrrcspondins  to  the  intensities  of  ihe  immnry  colon,  so 
thiit  tbc  [Kiint  of  the  color  chnrt.  consequently  the  mixed  cAvr  sought,  is  the 
center  of  gr*vily  of  the  triangle,  with  its  angW  thus  weighted.  In  the  production 
of  the  mixed  color,  the  irtensit>'  of  the  three  primary  colors  must  be  represented 
in  the  same  proportion  lu:  the  w<-if[hts. 

Various  theories  have  been  siig^:(-ste(l  to  i-xjilain  <r>lor-peTw;ritii»n: 
I.  Accofdine  to  one  theory,  the  cleinents  of  tho  retina,  while  uniform  in  type, 
arc  aScctcd  in  aiflcrcnt  wa>s  by  the  variously  colored  lights  (viliraiions  ofihe 
ether  of  different  »-ave-Icnifth.  rjijiidity  of  vibration,  and  refractive  cAjioncnt). 

»,  The  theory  of  Thomas  Youdk  nni]  llemtann  v.  Helmholtz  assumes  the 
existence  of  three  diflicrcnt  terminal  cleiiienta  in  the  retina,  corresponding  to 
the  primary  volors:  Stimulation  of  the  tint  kind  v'<^ui.'c»  tlie  tentation  of  red, 
of  the  second  gn-en,  and  of  the  third  violet.  The  red  pcrceivinK  element*  are 
alJeclcd  meet  strongly  by  the  light  of  greatest  wavc-lcngtn  (rrd  ray*),  the  green- 

EifrcH\*ing  by  the  light  of  medium  wave-length  (gTCPn  myB),  the  violet-perceiving 
y  the  light  of  Rhurtest  wave-length  (violet  ray»).  For  the  explanaticm  of  many 
phcnomfnii  it  must  be  assiinn'il  that  i-urh  spectral  color  excilt^s  all  forms  of  fibcnt, 
Kijmi-  sliKhllv,  and  others  strongly.  If  it  I>c  conceived  that  the  spectral  col<»rs 
placed  in  their  natural  otdci'  in  a  horizontal  direction  in  Fig.  301  (from  red  to 
violet),  then  the  lhrc<'-  twrvrs  shown  may  reprewnl  the  amount  of  excitation  of 
the  three  kinds  of  retinal  elements:  tnc  continuous  curwd  line  thai  of  the 
red -perceiving,  the  dotted  line  that  o£  the  grccn-pcrcciving,  and  the  interrupted 
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line  that  of  the  violet-perceiving.  Pure  red  excites  the  red-perceiving  elements 
strongly,  but  th»  Other  two  forms  sliRhtly  (expre^cd  by  the  heights  of  Uie  ordinates 
erected  at  R),  snd  the  sensation  of  red  results,  l^rc  ycllou*  excites  the  rcd- 
percdving  and  the  grccn-pcretivine  elements  with  moderate  activity,  the 
violet  elements  less  actively,  and  the  senution  of  yellow  re«ulw.  Pure  i^Teen 
cxcitca  the  green -perceiving  elements  stronely.  much  less  so  the  two  other  forms, 
and  the  aensation  of  green  results.  Pure  blue  excites  the  green  and  violet  ele- 
ments iv-ilh  moderate  activity,  the  fed  element  shghtly.  and  the  senaatioa  of  blue 
rasults,  Violet  excites  the  corresponding  elements  strongly,  the  others  slightly, 
and  the  sensation  «f  violet  reimlls  Stimulation  o(  any  two  elMnents  produces 
the  impression  of  a  mixed  color:  while  an  equal  stimulation  of  all  gives  ris«  to 
the  sensation  of  white.  This  hypothesis  of  the  Young-Hehnholii  theorj'.  affords, 
in  fact,  a  simple  and  clear  s«r%'cy  and  explanation  of  the  phenomena  of  the  physio- 
logical doctrine  of  color.  The  theory  ts  a  dcwrlopmcnt  of  the  doctrine  of  Joh, 
Muller  as  ti^  the  specific  energy  of  the  ncrvc-fibcrs.  The  findings  in  the  structure 
of  the  retina,  moreover,  have  been  adapted  to  tlio  theory.  Accord i n |[1  y ,  the 
cones  aloQC  arc  supposed  to  be  the  terminal  apparatus  tor  color-perception.  In 
cases  of  congenital  color-blindness  the  conca  appear  to  be  absent  in  the  peripheral 
portions  of  the  retina.  The  presence  of  longitudinal  siriationa  in  their  outer 
sograents  is  regarded  as  prnvinK  that  they  represent  multiple  terminjil  end-organs. 
Tlie  degree  of  sensitivcniKS  of  any  part  of  trie  retina  tn  cflur  is  pnniiirtiunate  to 
the  number  of  cones.  It  is  most  developed  in  the  macula  luiea.  which  has  only 
cones;  much  less  so  further  awav  from  the  macula,  beJn^  lost,  finally,  tn  the 
periphery.  The  rods  arc  aupposetl  to  be  concerned  <mly  with  the  (Hiwer  of  dis- 
tinguishing between  quantitative  eenaations  of  light.  According  to  v,  Krics. 
they  are  especially  adapte<i  for  vision  in  poor  illumination. 

3.  In  explanation  of  visual  perception,  Ewald  Heri&g  proceeds  upon  the 
proposition  tnat  what  reaches  conieiousnc^s  as  a  visual  percepti<>n  is  the  psychic 
expression  o(  the  metabolie  change  in  the  visual  substance,  that  is  in  those  nervous 
elements  that  are  concerned  in  the  act  of  vision.  This  substance,  like  everj- 
other  orgnnic  substance,  undergoes  decomposition  or  dissimilation  during  the 


coior-b:::.tvz?5    ::=  ??_ac:::ai  import  .v^a 


COLOR-BLINDNBSS:   ITS   PKACTtCAL    IMPORTANCB. 


861 


it  was  first  accuraUly  dcecribcd  in  1794  by  the  physiciGt  Dalton,  who  was  him- 
self red-blind.  Thi-  dvtdgniitiun  c<>tor-blin<]ness  was  given  tbe  condititin  by 
Brcwfitcr. 

The  aiiherents  of  the  Young- Helm  holt*  Iheot^'  osgwinc  the  fclloft-ing  varieti« 

o(  color- blindness,  corresponding  to  parslysia  of  ltio  thrte  cok'T-pe reviving  e!e- 

mcntu  of    Uh*    retina:     (i)  Kid-bliiiatiess;    (a)  BtitK-bhndntsi:    (3)  violm-tliud- 

tifii.      ]n  MiblHiiTi  thcTf  is  tlic  irmxi  pTOiiotiticea  furm — Wial  color-biitiiitwjit. 

The  adhurcnis  of  E.  llcring's  color-ihcory  distin^ish  the  following  varieties: 

I.  CtimpUu  Cahr-blindntii  (Achromalopiia). — The  spectrum  appears  achro- 
matic, the  green- ye  How  iiurtiim  is  the  brightest,  and  the  adjarent  parts  nn  cither 
side  Hfe  darker.  A  colored  piunting  appvars  like  a  photograph  or  an  eDgravLsg. 
Occasionally  the  didcrcnt  degrees  of  li^t- intensity  aire  rvco^ixcH  as  one  shade 
of  color  (for  instance  yellow),  which  eatinot  be  fompnred  with  nny  other  color 
O.  Becker  arid  v.  Hippe)  ohstrved  oanet  of  unilateral,  confjenital  complete  cclor- 
blindnesG.  in  whieh  thr  mhiT  ev<-  had  nonnal  eulor-iwret^ptiiwi. 

3.   Bluf-yrUmv  Htimiticfs. — 'rhe  stiecirum  is  dichromatic.  conBistinc  only  of 
red  aiid  Hreen;   the  blitt-violel  end  ol  the  sfjcctrvm  usuallv  is  greatly  shortened 
In  pure  rasi-s.  imly  the  »[iec'lral  red  am)  )i;rec»  are  n-eugniMU  correctly  (Mauthrei's 
crythiochloropia),  not  however  ihc  other  colors,     This   hns  been  observed  also 
unilatcrallv- 

3.  RtJ-gTefn  Ulindness. — The  spectrum  is  dichromatic;  yellow  and  blue  are 
recognisicd  correctly,  while  violet  and  blue  are  both  seen  as  blue.  The  perception 
of  red  *nd  green  \s  nhsent  In  this  category  the  fnllowing  types  arc  ftirlher 
distinguished:  (<il  Ctfcn-himdntis  or  rcd-grc'cn  blindnegs  witnout  shortciiinE 
of  the  spectniQi  (Mauthner'*  xanihocyanopia).  in  which  light  green  and  dark 
red  are  confounded.  In  ttie  «i>ectrum  yellow  pa>ii(e»  directly  into  blue,  or  at  most 
a  band  of  gray  lies  between  the  two.  The  maximum  of  brightness  lies  in  ihe 
yellow.  This  dvfcct  may  be  unilateral:  it  is  often  hereditary,  {b)  Red-blind- 
turn  (or  n^d-green  blindnciw  with  shortening  of  tlic  spectrum;  also  designated 
DaJtt/Ht}nt) .  in  which  hght  red  is  confused  with  dark  green.  The  spectrum  con- 
sists of  yellow  nnd  blue,  but  the  yellow  Iie»  in  the  orange,  and  the  red  end  of  the 
spectmiii  is  ciilorless  or  even  dark.  The  grcAtest  illunninstion,  as  well  as  the 
lM)undar\'  bctwcMi  yellow  and  Mtie,  lies  more  to  the  right.  Between  these  two 
forms  tlien?  are  transitions.  According  to  Hering  the  eatise  nf  the  difference 
resides  in  a  variation  in  the  amount  of  absorption  by  the  macula  lute&  of  the  rays 
of  short  wavt-ienglli. 

4  /ncitHp/rtr  ci'tofbtindness.  or  diminished  color-sense,  is  that  condition 
in  which  the  aculencss  of  color -percept  ion  is  lowered,  so  that  colors  ore  rccog- 
nizcd,  for  exanijilt.  mdy  in  objects  ol  considerable  size  or  only  at  near  range; 
also,  on  addition  uf  white  they  an;  no  longer  perceived  as  such.  A  certain  degree 
<ii  this  form  is  frequent,  in  so  far  as  many  are  unable  to  distinguish  between 
greenish  blue  and  bluish  8rr>en. 

Acquired  tolor-bliw.inesi  occurs  also  in  connection  with  diseases  of  the  retina, 
and  innamniation  and  atrojjhy  of  the  optic  nerx't-,  with  beginning  tabes,  wth 
cerebral  diseases  and  with  intoxications  (tobacco,  alcohol,  etc.).  Cireen- blindness 
appears  first,  and  is  followed  shortly  by  red-blindness.  Tiie  periphcrfil  lone  of 
tiic  retina  suffers  before  the  central  portion.  In  cases  of  hysteria  and  of  epilepsy 
there  may  be  intirnnitienl  atlncks  of  color-blindnenx:  imd  also  in  hypnotiied 
indiNiduais. 


The  retina  may  bcjrnadc  temporarily  color-blind  for  a  (fivcn  color  by  intense 
ion    of   the  culor. 
scarlet  to  appear  black 


action    of   the  culor.     Prolonged  gating  into  the   da 


[or  a  gi' 
rk-n-a, 


setting  sun    cauttcs 


Kinally.  the  n-morkablc  obscr^-alton  of  H.  Cohn  must  he  mentioned;  he  found 
that  color-blindness  in  several  individuals  disappeared  lemporarily  on  healing 
the  eyeball.  Holmgren  found  ihai  3,7  per  cent,  of  persons  examined  were  color- 
blind, most  of  them  hiring  retl-blind  and  yrrcn-blind.  only  a  few  were  violcl-blmd. 

The  t-xamiiiation  of  ihc  power  of  color-pcrceptitin  in  the  normal  retina,  best 
made  with  the  AiibLTl-Korster  jjcriiiu-ier,  has  itvcalcd  the  surprisine  fact  that 
complete  color -percept  ion  is  prthtiU  cnilv  in  the  center  of  the  visual  field.  Around 
this  lies  a  middlf  ):'me.  in  which  only  bfue  and  yellow  arc  perceived,  and  m  which 
there  is.  therefore,  red-blindness  ficyond  thi*  zone  there  is,  finally.  .1  peripheral 
girdle,  in  which  there  is  complete  rotor- blind  new.  The  red-Wind  individual 
IS  distinguished,  iherefure.  from  the  normal  by  an  absence  of  the  central  area 
of  the  normal  visual  lield.  which  ib  iiichidcd  in  tlie  muhllc  «in«,  'Hie  vikubI 
field  of  the  grecn-bhml  individual  is  distinguished  from  that  of  the  normal  by 
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the  completneniar}'  color)  and  lasts  1  of  a  second,  bein|;  the  mora  distinct  the 
choricr  the  light-shnniUUmi.  ITioii  tdUaws  the  [insitivc  aftpr-iinagir,  whon 
duration  increases  with  ihi;  intensity  of  the  illumination 

"That  I  he  impression  oi  any  image  in  ihc  eye  persisis  (or  some  time  we  know 
at  a  phynolunicaj  jihmiimc-non;  excessive  duration  of  nich  an  iniprcMuon,  how- 
ever, may  be  considi-n-d  piitholoeical.  The  weaker  the  eye  the  Itrngcr  docs  the 
imago  remain  in  it.  The  ixitina  does  not  recover  so  quickl)-,  and  the  cfTect  may 
be  looked  uiion  as  a  sort  uf  paralysis.  This  is  not  to  W  wundcn-d  at  in  the  ease 
of  dazzlinf;  imajtes.  If  one  toolcs  directly  at  the  sun.  he  may  carry  the  ima^e 
nbout  (or  several  dnys.  The  same  in  also  rcldtivcly  true  of  images  that  arc  not 
dazzling.  Ruseh  rL-liiT.es  cf  himself  that  an  cn^ravinc  remained  before  his  e\*e, 
completely  with  all  its  dL-tuiU,  (or  sevi-nieen  minutes  '  (6iif iJif) . 

Experiments  and  Apparatus  for  Demonstrating  Afterimages. — (t)  The  ap- 
pearance of  B  ring  iif  lire  nn  rapid  rotation  of  a  cnal,  (j>  The  thaiimalrope  of 
Paris:  a  pasteboard  card  contains, for  example,  on  one  side  the  picture  of  a  lorso- 
staiue.  on  the  octier  side  the  picture  uf  the  rrniaining  portions  drawn  in  ap- 
propriatu  positions.  U  the  card  be  rotated  ao  that  the  two  surjuces  in  al- 
ternation are  rapidly  turned  toward  th<:  ohserv<-r,  the  statue  appears  complete, 
(j)  The  phanakistoscope  or  the  stroboseopic  discs.  Objects  are  drawn  on  a 
mac  or  cylinder  in  succession,  so  that  the  drawings  represent  successive  details 
of  a  continuous  movement.  On  rapid  roiiitinn  of  the  due.  the  obser^-er.  looLmg 
through  a  small  oprninK.  sees  the  moving  images  pass  before  the  eye,  each  t^huKe 
rapidly  replacing  tile  preceding.  As  the  impression  of  each  image  remains  unlit  tile 
foflowmg  one  takes iUt  plULC.  one  and  the  Name  figure  seems  logo  through  the  succcs> 
»ve  movementa continuously.  'Hie  apparatus,  al  present  vopulariMiT by  AnschiiU 
in  the  form  of  the  zoctrorw  (perfected  by  Edison  as  the  kincmatogiaph  or  kincio- 
scopc),  was  not  discovered  by  the  two  in  vtatigalors  mentioned, in  18^1,  a?  is  generally 
Mipposed:  but  it  was  described  by  Cardunus  as  curly  a^  1550.  It  may  be  used  also 
scientifically  for  the  representation  o(  certain  movements:  as,  for  example,  of 
spermatozoids  and  ciliated  epithelial  colls:  likewise  the  mnvemimls  [>f  the  heart 
and  nf  walking  may  be  instructively  shown  and  analysed  (4)  The  color-top 
contains  in  the  sectors  on  its  Kurfaee  ilic  colors  that  .ire  to  be  mixed.  As  tlie 
color  of  each  sector  causes  a  BtimulHtioii  of  the  nrtina,  lasting  throrighuut  the 
revolution  of  the  top.  all  of  the  colors  must  be  seen  simultaneously,  and  be  per- 
ceived as  a  mixed  color. 

Occasionally,  especially  if  the  retinal  excitation  is  of  considerable 
duration  nnd  intensity.a  trcgafm-  afJcr-iiimRn  appears,  instead  of  the  posi- 
tive. The  former  is  cliarart«rized  hy  tlie  fact  that  Wright  portions  of  the 
object  appear  dark,  and  the  colored  portions  in  corresponding  contrast- 
colors. 

Examples  of  Negative  Aifer-lmages,  —After  gaxing  for  a  long  time  at  a  brightly 
illuminated  white  window,  and  thci)  cIo^ihk  thi;  cyca,  there  results  the  impression 
of  a  window  «'ith  bri^it  cross  lines,  iuid  dark  panes.  Colonrd  negative  after- 
images are  shown  beautifully  by  Kirrenberg's  apparatus;  the  eye  is  fixed  for 
some  time  on  a  colored  surnMC,  such  as  a  yellow  card,  in  the  center  of  which 
is  pasted  a  small  blue  square.  Suddenly  a  white  screen  is  dropped  in  front  of 
the  card,  and  the  white  surface  then  appears  bluish,  with  a  yellow  square  in 
the  center. 

The  usual  explanation  nf  the  dark  negative  aftcr-ima^s  is  that  the  retinal 
dements  arc  so  fatigued  by  the  li^hl  thai  ihcy  become  less  irritable  for  a  lime,  so 
that  in  theoc  portions  of  the  retina  the  light  can  be  only  faintly  perceived,  and 
darkness,  therefore,  must  prevail,  llering  explains  the  diirk  after-images  at 
resulting  from  the  process  of  assimilation  of  tna  block-white  vi«ual  smbctance. 

Kor  the  explanation  of  colored  after-images  the  YounR-Hclmhdtx  theory 
assumes  thai  by  the  action  of  the  color,  for  example  red.  tie  retinal  elements 
for  tills  jiarticulur  color  arc  paralysed.  If,  now,  the  uye  looks  at  a  white  iurface, 
this  mixture  of  all  colors  appears  as  white  minus  red.  that  is  green  (the  contrast- 
color,  which  in  bright  daylight  lies  dose  to  the  complcineatary  color),  .^cco^d- 
ing  to  Hering.  tlits  contrast-colored  aftcr-imaKe  is  the  result  of  tlic  assimilation 
of  the  corresponding  colored  visual  substance,  in  the  case  cited,  of  the  ■'red-green." 
From  the  beginning  of  a  momentary  illumination  uiiiil  the  appearance  of  an 
after-image  0.344  second  elapses. 
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xppeiira  in  ui  intense  coutrast-color.  (3)  On  a  rotating  white  <liac  aru  pasted 
four  xncn  scclors.  i-ach  of  which  i»  irterruptt-d  in  its  «nl<^r  bv  a  narrow  band  of 
black,  concentric  with  the  disc.  On  rotAticm  of  the  disc.  ihi»  ring  appi-ars  red.  and 
not  gray  {4)  llaKrajish-whitt'surfacoTiclooWriJ  at  with  both  ryes  and  a  tube  about 
the  length  and  diameter  o(n  tmiivr,  tniide  i>f  lraiisj»arent,  colored  oijcd  paper,  tbroush 
the  wfills  of  wrhioh  light  can  pasc,  he  placed  in  (roji)  of  one  eye,  the  part  <.(  ihe 
whiteBiirfaeesecn  through  the  tube  sppt-amin  the  coniniKT-cnlor  The  txpfriment 
alio  shows  beautifully  ihe  contrast  in  the  imcnsity  oi  iJltimi nation.  (5)  A  puce 
i}(  white  pa[Jer,  with  a  rnuitit.  black  iii^ut  iii  the  middle,  when  leen  thmu^'h  a  blue 
glass,  appL-ais  blue  with  a  black  >pol .  If  a  white  scot  of  the  same  nxe  on  a  black 
Dackground  be  placed  in  front  of  the  gloss,  &u  tiiut  its  reflected  image  covers 
exactly  the  blnclc  spot,  it  appears  in  the  r(Jiilriii>t-ci)lor,  yellow.  (6^  The  colored 
sitadau-s  also  bcloiif;  to  the  simultaneous  contrasts.  "Two  c<«id)tions  arc  neces- 
sary for  the  production  of  colored  shodows— first,  (but  the  light  casting  tho 
shadow  thati  in  some  manner  color  the  white  curfnce,  and  secind  that  a  second 
liRht  shall  illuminate  the  (hadow  to  a  certain  degree,  A  thc-rt  buminj^  candle 
is  placed  en  n  white  tMi|x*r,  in  the  twilinht:  betwit-n  theni  and  the  diminishing 
daylight  a  lead-pencil  is  placed  vertically  ko  that  the  shadow  throiMi  by  the 
candle  if.  iliuminated  but  not  extinguished  by  the  feeble  daylight:  the  shadow 
will  appear  of  a  beautiful  blue.  That  ihm  shadow  ia  blue  will  t»e  observed  at 
once:  hut  it  is  only  bj- close  oI>scr\aticiii  that  otie  can  ionvincchim*elf  that  the  white 
paper  acta  as  a  rcddish-yellow  surfncc,  through  the  luster  of  which  the  blue  ci'lur 
la  convened  to  the  e>-e.  One  of  the  prettiest  ui»tanccb  of  colored  iliad'^vs  in»>'  \'C 
seen  dunnj;  the  (iill  mijon.  The  light  of  a  candle  ;ind  that  of  themooii  can  be  exactly 
equabiicd  Hc.th  shariows  can  be  made  of  irqiial  strength  and  distinctness,  so 
that  the  two  colors  completely  balance.  A  hfiard  is  exjiosed  to  the  light  of  the 
full  moon,  with  the  canale  a  little  to  one  side,  and  an  opaque  body  is  held  lit  a 
liuitablc  difilanc*  in  frtint  ol  the  board.  A  double  ihadoiv  result*,  that  thrown 
by  the  moon  and  illuininated  bv  the  candU-hEht  apju-ariTig  of  an  intense  reddish- 
yellow  color,  while  that  thrown  by  the  candle  and  illuminated  by  the  moon  appear- 
ing of  a  beautiful  Iilue.  Where  the  two  shadows  coitiddc  and  unite  to  form  one 
n  olack  shadow  results  iOctlhc).  (7)  Tkt  caiortii  rfiitctions  ore  the  reverse  ol 
the  colored  shadows.  If  a  piece  of  silverware  be  placed  near  a  window,  in  the 
twdight,  andth«  light  from  a  candle  be  allowed  to  fall  uu  it  al  thv  aaroc  time,  the 
reflected  image  of  the  flame  appears  yellowinh.  that  of  the  lessening  daylight 
decidedly  blue.  (S)  A  piece  of  white  paper  is  placed  'm  the  table  and  above  it, 
separated  by  a  horixontal  line,  a  piece  of  black  paper.  Now  a  vertical,  black 
strip  is  pasted  on  tliP  white  paficr  and  on  the  bl.ii-k  faper  a  white  strip.  If  these 
strif«are  seen  through  abircfnngeiit  sjiar-nrisin.ejich  will  In-  dmiMed.and  posst-ss 
a  gray  color,  because  the  strip  is  composed  of  while  and  black  mixed.  The  sinps 
on  the  dark  background,  however,  appiar  bnghttr.  and  those  on  the  white  Kitiuiid 
darker.  Likewise,  in  au  aiialuEuu.-i  wuy.  with  cobired  .strips  lai  a  dilTtrciUly  col- 
ored background  the  experiment  slKiwt  ihu  contrast 'colors  beautifully.  Lnndois 
has  found  tliis  excellent  cxperinunt  etpecially  convincing  if  the  objects  arc  cov- 
ered with  translucent  Iracing  paper. 

Some  have  tried  to  cxplam  these  phenomena  as  errors  of  judgtnent;  in  other 
words,  when  dilTerent  impressions  act  simullaneiiusly,  the  judgtnnit  is  so  de- 
ceived that  if  the  action  takt^s  place  in  one  tiosition.  it  will  have  »n  extremely 
slight  cflect  in  the  neighbor ho-xl.  Thus,  if  lignt  affects  one  poriit-n  of  the  retina, 
judgment  wrongly  avtuincx  u  Klight  illuminatiun  nf  the  ncighburing  part.''  of  the 
retina.  The  same  would  be  true  of  colons.  The  phenomena  ate.  however, 
much  more  correell)'  explained  by  Hering  as  inie,  physiological  procejaes. 
Partial  aliniuJation  by  lignt  aflccts  not  only  the  parts  so  acted  upon  but  alsi'  the 
surrounding  rctioa;  the  directly  stiitiuJated  portion  by  increased  dissimiiatioo, 
the  (indirectly  »timu]ated)  vicinity  by  increased  assimilation,  in  such  a  way. 
that  the  latter  Lncreaie  is  most  prt'^nonnced  in  the  inimtdiatc  vicinity  of  tfie 
ilhiminnted  spot,  and  dt-crtn!H-»  rapHily  with  the  disiuiRi-  from  it,  As"a  result 
of  tboincrejiRe  in  assimilation  at  the  pan  not  occtipiid  by  ilie  image  of  the  object, 
[.'the  diffused  light  is  ordinarily  not  perceived.  .4s  the  increase  in  assimilation  is 
greatest  in  the  innnedialc  nejiih^xirhood  of  the  illuniinaied  !>pol.  the  perception 
of  tliis  relatively  strong  difTui^ed  light  is  largely  made  iiiipirssible , 

On  looking  for  a  long  time  at  a  dark  or  a  bright  object,  or  at  a  colored  cnc 
(for  example  red),  and  then  allowing  the  contrast -cfiicts  to  appcur  on  the  retina, 
irSptcti vcl>'  bright  or  dark,  or  the  conlraat-ct'lor  (gn-cn).  tbc5f  apjitur  esowally 
Intense.  This  phenomenon  has  been  designated  suec*.<ttve  contrast.  In  this 
eMmectioii  the  negative  after-images  obviously  take  part  al  the  same  linH", 
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OCULAR  MOVEMENTS  AND  OCULAR  BIUSCLES. 

The  s:'hcriiM'.  oyo'.M'.l  ;>  v  ai\"iV'",e  of  exrensive  an^i  free  movement  in  the 
oorrcsT'o:-.,:;r.};'.y  cxc.ivateii  cushion  o:  f^:  -Ir.  :V.e  cri-i:,  like  the  head  of  a 
I'OT'.c  i;i  ;!-.o  kOTTesrov.iiir.};  so^-ke:  o:  a  free'y  ~c-val-'.e  srthro-iial  joint. 
Tlio  :r.o:;or.  :s  '.-.•.v.-.tovi. ::-.  :;:e  r::*:  -.  Isce.  Vy  :hei:t3:r.~er,:  of  the  muscles 
;;:*.>'.  -.r.  sv.oV.  .;  ::i.i::!:or  i::,;:  :r.  the  .ic::or.  ci  :r.e  :r."u>c>  i:;  antagonist, 
ai.-f,v._c  ':'m'  a  rt':r..  serves  to  !::r.;i  the  "■..■•ve:v-er,'::  ir.i  secondly  by  the 
■::ser::or.  v'':  :h.c  i^vtic  :".orve.  The  soft  e:.\5::c  crlits".  :ii  on  which  the 
eve:,i'.'.  rcr:>  :r..:V  ;:;e;:  :^  r;-,ovei  Ijck^n-jri  ir.i  i-.t-k^tz.  so  that  the 
f ye":  a"'  r;:us:  f^-'.'.ow  :hese  :"ovo::".cr.:>. 

-  '.'  '"..yz.*''  .' "  ; .,'  ,"■.'.',1,.  '.tr^Lf  v-jc^"  -  -\i5  i  "-f'^,-  ^i  Tnirjtr^  «a*on"ioci 
o:  '.'~.i  V'.,''-n''". t"sji'.s.  osr^i c;.i"y   ■;  the  .tVztjiI  vv;r.5  "•'r.i'z.  :'r.:7i  is  i^  ;\'?tr'^c"ico 

i:-,^  .-     As  A  ri#---.'.:     :  ^    :::-..-::  r.  _:  -'rx  -.-.t r-.r: :i: i  \  r:tuKlt-i->:r¥  ".  T-;r.  as 
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by  two  of  the  axes,  (i^  The  harisontal  plant  of  division  cuts  th«  eyeball  into 
an  upper  and  a  lower  halt;  it  is  determined  by  the  visual  axis  and  the  transverse 
axtK  In  ita  pa^iage  through  the  retina,  it  farms  the  horiEunttit  line  of  divinion 
of  this  membrane,  and  it  cuts  the  tunics  of  the  eye  in  the  horiiontA]  mendian. 
(«)  The  vtrtieal  platir  ot  division  cuts  I  he  eye  into  an  inner  and  an  outer  half; 
it  is  determined  by  the  visual  and  verlieal  axes.  It  inle«ects  the  retina  in  its 
vertical  line  of  divicioa.  and  the  periphery  of  the  eyeball  in  the  vertical  meridian 
of  the  eyeball.     (3)  The  ttpuilonal  j'lane  divided  ih«  eye  int<*  an  anterior  and  a 

fosterior  half  Its  position  is  determined  bv  the  vertical  and  transverse  axes. 
C  cuts  the  sclera  in  the  equator  of  the  eyeball.  The  honionlal  and  vertical  lines 
of  Jivision  of  the  retina  uiter»ect  in  the  fovea  centralis,  and  dirtde  the  retina 
into  four  quadranl^s. 

V.  Hclmholtz  has  further,  introdiiccd  the  (ollowing  terms  for  designating  tlic 
positions  of  the  eyes:  the  lint  of  fixation  is  the  atraight  line  connecting  tlie  center 
of  rotation  with  the  fixed  point  in  the  external  world  A  [ilanc  passed  through 
the  lines  of  fixation  of  both  eyns  is  called  the  plant  of  fixalian.  The  bast  lint  of 
this  plane  is  the  line  joining  the  two  centers  of  rotation  (conse^juently  the  transverse 
axis).  A  sa^ttai  plane  may  further  be  imagined  as  pasung  Dirough  the  head 
and  divides  it  into  a  right  and  a  U-ft  hall  This  plane  u-ill  thM^ci  the  \>x<»  line  uf 
the  plane  of  fixation,  anil  if  prolcmEpi!  anteriorly  will  intersect  the  planp  of  \'i8icm 
in  its  median  line.  The  tixat ion-paint  of  the  eye  may  <i)  be  raised  or  lowered. 
The  field  IhaL  it  traverses  is  called  the  fitld  of  jixaiiaH.  It  is  y&rl  of  a  lii-nii.-njhi-n-. 
the  center  of  which  is  the  center  of  rotation  of  the  eye.  Start m^friim  the  pnmar>' 
fKnition  of  both  cyct.  which  is  chaructcrized  by  the  fact  that  the  two  lines  oi  lixa- 
lioa  are  parallel  and  horiaont&l.  the  elevation  of  the  plane  of  fixation  may  be 
determined  by  the  angle  that  it  makes  with  the  plane  of  the  priman,'  pcaitioin. 
ThiK  angle  is  called  the  angle  of  elevation  of  lixation.  It  is  termed  po'sistw  when 
the  plane  of  fixation  is  raised  (toward  the  forehead) ,  and  »wg<Jf»W  when  the  plane 
is  lowered  (toward  the  chin).  (7)  The  line  of  fixation  may  be  turned  also  from 
the  primary  position  in  a  lateral  direction  in  the  plane  of  fixation,  that  is  toward 
the  median  line,  or  away  from  il.  The  amount  of  this  taicnd  movrmi-nt  i» 
measured  b>'  the  auelt  of  laltrol  rotation,  that  is  the  angle  that  the  line  of  fixation 
makes  wilh  the  median  line  of  the  plane  of  tixation.  The  angle  is  called  positive 
when  the  posterior  extremity  •>(  the  line  of  lixntion  mo^'cs  toward  the  right,  and 
negative  when  the  extrcniity  moves  toward  the  loft. 


^^P  In    accordance    with   the    foTE^oing      preliminary    considerations 

the  eyes  may  assume  the  following  positions  as  the  result  of  their 
movements: 

1.  Primary  fosilion,  in  which  both  lines  of  fixation  are  parallel,  and 
the  plane  of  fixation  is  horizontal.     In  this  case  the  three  axes  of  the 
eye  coindde  with  the  three  fixed  axes  erected  in  the  orbital  cavity. 
9.  Secoitdary  posilioits  result  from  simple  movements  of  tlie  eyes  from 
the  primary  position.     There  arc  t^'o   different   kinds  of  secondary 
positions,  namely :  (a)  The  lines  of  fixation  are  parallel,  but  are  directed 
u[>war*J  or  downward.     The  tran.sverae  axis  of  each  eye  remains  the 
same  as  in  the  primar\'  posilion.     The  deviation  of   the  other  two  axes 
is  expressed  on  the  line  of  fix.ition  by  the  size  nf  the  .ingle  of  elevation 
{.IS  has  already  heen  mentioned),  {fci  The  second  kind  of  secondir>' 
position  is  produced  by  coovergent-e  or  divergence  of  the  lines  of  fixation. 
if  ere  the  vertical  axes  about  which  the  lateral  rotation  is  cftecled  remain 
the  same  as  in  the  primary  position.    The  other  axes  form  angles.    The 
el  mount  of  the  deviation  (as  already  noted)  i.s  expressed  by  the  angle  of 
Jftteral  rotation.     The  eye  can  be  turned  from  the  primary  position  out- 
'%,v'aT<l  4a',  inward  45^.  upward  54**,  and  downward  57°.     .1.  A  tertiary 
^rrr^JsiOivi  is  one  assumed  by  the  eye  when  the  lines  of  fixation  are  coc- 
V''*'''^ent,  and  at  the  same  time  are  mclmed  upward  or  downward.     \one 
^_9^  *''•'  '^ree  axes  coincides  now  with  its  situation  in  the  ]}rimur>-  position. 
—  ?»*"  exact  direction  of  the  lines  of  tixation  is  determined  by  the  size  of 
v^-  atif/es  of  elevation  and  lateral  rotation.     In  connection  with  tcrtiarv 
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I>ositions  aiiorlier  imt'ortant  yoini  comes  into  i.<.'r.>:iierrit:on.  nane;y 
that  tho  oyolail  rL'Tritos  .it  the  sriU'.e  lime  i-bouT  its  ::ne  of  r.xatron  ar.i  :t5 
axis.  As  the  ins  T'i.i:;;Te?  a":  '.-vA  i':w  iir.e  ■:;•:  rlxjlvjn  :is  a  '.vheel  j70*jr.  i  its 
axil',  tV.i-se  mi'vcmor.is  o;  rLtatior..  w:-.:>.r.  are  al'-vays  rvssociatei  -x^-.i'r. 
iho  ttTtiL-ry  vos:tK>T'.s.  ::re  torrnoi  :.  ':...'-;■:. : . ;::,  ::.v.  Ever."  ■;■':  1:  i-,;e 
ni>.>ve'.r.o:',;  oan  ':  e  v.C':'.si-:irt-:  as  lo:;::  ■.sei  ■::  ,i  r::.i::or  :  ir  ■■-.;:  ttie 
vortical  axis.  .:;■.-:  ;  ,;i.-.'"a:  '.he  :r,i::svers-j  .-.xis;  r  ::  rr.^y  le  c:r..t-:ved 
as  a  rot,itii.'n  ;;':-.■;::  a  s:r.i;!e.  ^or.star,:  axis.  ';.:r.^  le:':ie,:-n  Tr-.e^e  ••x-o 
axes,  ar.i.:  -.as.*:::!:  :/.ro-af:h  the  cer.tor  . :  r.:a:::  r.  .:  -.he  eye.  :  ■iriK:r.i::-i- 
'.ar  :  ■•  :he  :  T.::\.:ry  .-.r.,:  the  se^-ir.  lary  iirt.---.:  r.  ::'  the  -.-:s-.ia'.  3x:j  ':r.e  ,:" 
::xa::L>"  .  The  .^n:>u-t  ■::  the  ■whei^n:.  vc~en:  .:r.-l:ir  rita:::- 
IS  ■.v.oas-.:ri' :  'y  the  ar.irle  that  :he  '::—:.  rr.  ^'.  '.:--:■  _:  :::v:s:;.:i  ::  the 
rof.r.a  ".'rr-.s  with.  :h.e  h-.-.zor.ta!  h-r.e  ■::  ::■.:;:.-  ::'  :h;-  retir.i  ■;\-ht:--  the 
eyes  are  :r.  the  vriraary  :  :i-.:::r.      Th:?  ar.j'e  i?  :  isitive  -.vher.  the  e"e 

\;ev..;tvs  t;'.v,;r.t  th.o  r.^ht. 
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of  the  paper:  Q  E  is  the  direction  in  which  the  external  rectus  acts, 
Q,  I  that  in  which  the  internal  rectus  acts.  The  axis  of  rotation  is 
perpendicular  to  the  plane  of  the  paper  at  the  center  of  rotation  O,  and 
thus  coincides  with  the  vertical  axis  of  the  eyeball,  a.  The  axis  of 
rotation  of  the  superior  and  inferior  recti  (the  dotted  line  R,  sup. — 
R.  inf.)  lies  in  the  horizontal  plane  of  division  of  the  eye,  but  it  forms 
an  angle  of  about  20°  with  the  transverse  axis  (Q  Q,).  The  line  of 
action  for  both  muscles  is  indicated  by  the  line  s  i.  It  will  be  seen  at 
once  that  by  the  action  of  the  superior  rectus  the  cornea  must  move 
upward  and  somewhat  inward ;  or  downward  and  inward  by  the  action 
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of  the  inferior  rectus.  3.  The  axis  of  rotation  of  the  two  oblique  muscles 
(the  dotted  line  Obi.  sup. — Obi.  inf.)  lies  also  in  the  horizontal  plane 
of  division  of  the  eyeball,  but  it  forms  an  angle  of  60°  with  the  transverse 
axis.  The  line  of  action  of  the  inferior  oblique  is  shown  by  the  line  a  b, 
that  of  the  superior  oblique  by  the  line  c  d.  The  action  of  these  muscles 
causes  the  cornea  to  move  respectively  outward  and  upward,  or  out- 
ward and  downward.  These  actions  of  the  muscles  are  effective  only 
when  the  eye  is  in  the  primary  position;  in  every  other  position  the 
axis  of  rotation  of  each  muscle  changes. 

When  the  eye  is  at  rest,  the  muscles  are  in  equilibrium.     Because  of 
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the  jjro.uor  stroiv^ih  of  tho  inionial  recti,  the  visual  axes  converge  some- 
what, Liiui  1;  TTolonj^Oi!,  would  intersect  40  cm.  in  front  of  the  eye.  In 
tho  niovoiiionis  0:  tho  oye,  only  one.  or  two  or  even  three  muscles  may 
lio  invohcii  0:ie  n'.uscie  acts  alone  in  rotation  of  the  eye  directly  out- 
w.ir.l  ,iT.,'.  .lin'.-t'.y  inward,  namely  the  extem.-i";  rectus  and  the  internal 
rcctns  resjxviivc'.y.  Two  n'.-jscle-;  aci  in  ro:i::ni:  tr.e  eye  directly  upward 
vSU;Cr:i->r  ro^t".!*  And  ir.:or:or  ol>";.-.ue  or  lirect'v  v'-ownward  (inferior 
n?c;ns  and  suvcrior  o":  I-l-uc  .  Tr.ree  -iiisctes  are  emrioyed  in  the  diag- 
onal directions,  r.an-.c^y  tor  inward  .i::;l  -jvward  moven:er.T  the  internal 
rectus,  tlu-  sv.vcr-.or  recms,  and  :V-e  :r.:en:^r  c':l::ue:  for  inward  and 
downward  :::,-vcn:cr.t.  the  interna".  rc.:-.;s.  the  in:eh:r  rectus,  and  the 
sa;vr;or  o:  ".;.:r.e:  :Vr  outward  an.:  d.wnwari  n::ven:en:.  the  external 
rectus.  tV-O  ;n:'cr:or  rtvtus.  and  the  su7*r::r  c':'.:;ue.  ::r  outward  and 
\:-.  ward  n-,cven:cr.:.  the  ex;er.-..\I  re:tus.  the  r-ye-:r  re,;tus,  ar-i  the 
in:cr:cr  o'.  '•..■_nc 
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I{  t)i«  hea<I  is  fixed.  Kit  idea  of  thtr  form  of  the  common  ficM  of  vision  can  be 
obtained  by  alternately  closinj;  owe-  i^yc,  and  turning  the  other  inward.  It  will 
then  W  wVn  that  the  lii-ld  ig  p<ar-shujn.'d ,  brwul  h1h>vi-,  rinrTtiw  Iwlow,  and  that 
the  profile  of  th«  nose  cuts  out  a  portion  corresponding  to  its  aw,  between  the 
upper  broader  portion  and  the  lower  narrcw  part.  If  a  pasteboard  card  be  held 
upright  close  to  the  fiicc.  the  outline  of  the  common  field  may  be  traced  tipon  it 
with  o  pen. 

SINGLE  VISIOB.     IDENTICAL  RETINAL  POINTS. 


HOROPTER.     SUPPRESSIOH  OF  DOUBLE  IMAGES. 

If  the  rctinaa  of  both  eyes  be  considered  as  a  pair  of  concave  saucers 
placed  one  witliio  the  other,  so  that  the  two  yellow  spots,  and  the  corre- 
sponding quadrants  of  the  retjna.s  coincide,  all  those  points  that  corre- 
spond are  called  identical  or  corresponding  points.  The  two  meridians 
trial  separate  the  corresponding  quadrants  are  known  as  lines  of  separa- 
tion. The  identical  points  arc  characterized  physiologically  by  the  fact 
that  when  light  acts  upon  them  at  the  same  time,  the  stimulation  is 
referred  by  a  psychical  act  to  one  and  the  same  place  in  the  visual  field 
(in  a  direction  through  the  nodnt  point  of  each  eye),  The  stimulation 
of  the  two  identical  points  of  the  retina  produces,  therefore,  only  one 
image  in  the  field.  Hence,  all  of  those  objects  of  the  externa!  world, 
the  rays  from  which  pass  through  the  nodal  points  to  identical  points 
of  the  retina,  are  seen  singly,  because  their  images  are  referred  to  the 
same  part  of  the  visual  field,  so  tliat  they  coincide.  Dcublf  images  are 
produced  by  all  other  objects,  whose  images  do  not  fall  on  identical 
portions  of  the  retina. 

The  proof  for  what  has  been  said  is  readily  provided.  If  a  linear  object  with 
the  poinis  1.1.3  (^^H-  303)  be  looked  at  with  both  eyet,  the  corresponding  points 
of  the  retinal  tma^s  will  be  i.  a.  j  and  3.  a,  i.  which  are  obviously  identical 
(corrcspondine)  points  on  the  two  retinas.  If  there  is,  ot  the  same  time,  a  point 
{A)  closer  to  the  eye,  or  another  point  (B)  farther  irotn  the  eye,  and  the  eyes  arc 
directed  toward  the  object  i,  a.  3,  the  nmal  rays  fiom  neither  A  (A  a.  A  a)  nor 
B  (B  b,  B  b)  will  fall  upon  identical  retinal  points:  therefore  double  images  of 
A  and  B  appear. 

The  fouowing  simple  experiment  also  is  jiistTuctive.  If  a  point  o(  ink  (for 
example  a)  upon  wluie  paper  be  looked  at.  the  image  will  fall  in  both  foveas  (a.  >>. 
which  are  of  course  identical  points.  By  pT««sing  laterally  <jn  one  cj-c,  Kn  that  tt  ia 
somewhat  displaced,  two  pomts  immeoiatel!,'  appear,  because  the  image  of  the 
point  nu  longer  falla  on  the  fovea  of  the  displaced  eye.  tnit  on  an  adjoioing,  not 
identical,  point.     Similarly  in  im en tional  stituntini;  all  objects  appear  to  be  double. 

The  vertical  lines  of  diviaion  of  the  retinas  do  not  coincide  exactly  with  the 
vertical  meridians;  but  exhibit  a  slight  divergence  abuvc  (from  0.5°  to  }").  which 
varies  tn  amount  in  different  individuals,  and  even  in  the  same  individual 
at  diflercnt  times,  while  the  horiiontal  line*  ^f  di\TKion  coincide.  Images  that 
fall  upon  the  vertical  lines  of  division  appear  to  be  perpendicular  to  those  on  the 
horizontal,  although  they  are  in  reality  rot  so.  Tnerefore,  the  vertical  lines  of 
division  are  the  pseud o vertical  meridiiis. 

Some  investigators  consider  the  identical  points  nf  the  retina  a  conncnital 
arrangement,  while  others  think  that  they  arc  acquired  by  ordinary  use.  In- 
dividuals who  M|uini  from  birlh  have,  however,  siiijjle  vision;  under  such  cir- 
cumstances the  identical  points  must  be  ammgcil  dilfcrcntly. 

HofopUr  is  the  term  used  to  indicate  the  a^rcgatc  of  all  those  points  in 
space,  from  which  rays.  enterinK  both  eyes,  held  in  aiiy  given  position,  meet  at 
identical  points  of  the  r«tinas.     It  varies  ifor  the  diflfcrent  positions  of  the  eyes. 

I.  In  the  primary'  fKisilinit  of  both  eves,  when  the  vifiiial  axes  aru  parallel, 
rays  drawn  from  two  identical  potnis  0/  the  two  retinas  are  also  parallel  and 
isierst^cl  only  at  an  intinite  distance,  'the  htir(i(jU'T  for  the  primary  position  is, 
tSerr/ore.   «  vertical  plane  at  an  infinite  distance 
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1.  Ill  till-  .'.v.'n^.iM  r.^s:-.:\'i:  of  the  eyes,  with  ccwver^cnt  t-isual  axes,  the 
hi'roj'iiT  I'lT  thi'  traiisvcrso  linos  of  lii^■isio^  is  a  circle  passing  throtigh  the  nodal 

[Mints  oi  both  eyes  iKi;:  .!Oi.  KK,>  and  thivuph  the  point  lixed  (I.  if,  llli.  The 
ion>!'tor  of  tin-  vertical  lines  of  division  is  in  this  position  perpendicular  to  the 
[•l.inf   of   ;'.\;it;i»ti. 

,^  In  thi-  isyniinctric.i]^  v:,j';'  /■-■-'-:.'«-'.  in  which  horizontal  and  vertical 
lilies  ■•■i  ii;v:>-..'n  tonii  nni;!i'f.  the  hor.'pter  i.r  the  vertical  lines  of  dt^-ision  is  a 
siraii;li',  ;!;;e  if.e'incil  toward  the  horiron.  For  identical  ruints  of  the  horizontal 
lines  oi  i;:\;s:.':;  there  is  no  hori']'ter  for  these  pcs;ti>?i:s,  as  the  rays  from  these 
l». lints  -.io  :'.ot  niiet  Jt  a  distance. 

J  Ir.  tl'.e  '-::'.sy!rL:netr:eai  ",er;:,»r>-  positions  iwirh  ro;a*.:on, .  in  which  the 
|>i>;i-.:  !-.xed  is  ;i;  ,»;■,  unequ-*!  d:s!,ii-,ce  fr^'ir.  the  two  r.c-dal  to;:i:s,  the  horc'jier 
IS  ;i  cyT-\-e  of  complicated  t'orr;-., 

It  w.;i  no;  '.>i- 'pi>ssiK.e  to  enter  into  a  more  c<rr^y'.c:e  dcscr-.pticTi  >■■!  the  dim- 
cult  vieta-.'.s  of  the  hor<.->pter.  For  the  deierminati.r.  ■::  ^he  hcrrjter.  v.  Helmholt* 
eonstnicts.  •.!;  ;he  ;T:ir_ir>'  ;^^s;:io:;.  sin-.ilar  ntendiir.s  and  riralle:  circles  over 
K^'th  rx'f.r.as;  the  io.entica',  points  he  then  as  :f  in  tw-:  jlcl-es  c:  e-:;",ia:  length  and 
briMiUh  Herini;  draws  two  sys:e;r.s  o:  planes  thrr-ji:'-  the  eye': ails' in  the  f  rimarj- 
p.>s;;;.':',.    thv^se  o:  one  svsten;    .the  transverse     in-.trseiT  ir  The  tranFi-erse  asis 
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In  spite  of  the  large  nuinber  of  double  images  that  are  constantly  formed, 
they  are  not  a  source  of  disturbance.  They  are  usually  suppressed,  and  to  such 
an  extent,  in  fact,  that  the  attention  must  be  directed  to  them,  in  order  that 
they  may  be  seen.  -  The  suppression  of  the  double  images  is  favored  by  the  follow- 
ing factors:  (i)  Attention  is  always  directed  to  that  point  of  the  visual  field 
which  for  the  time  being  is  fixed.  This  throws  its  image  on  the  two  yellow  spots, 
which  are  identical  points,  (a)  Form  and  color  are  less  sharply  seen  by  the  lateral 
portions  of  the  retina.  (3)  The  eyes  are  always  accommodated  for  those  points 
that  are  fixed.  Therefore,  only  indistinct  images  arise  from  the  objects  that 
produce  double  images  (in  diffusion -circles) ,  and  these  can  be  more  easily  sup- 
pressed, (4)  Many  double  Images  lie  so  close  together  that  when  they  are  large, 
the  greater  portions  of  them  overlap.  (5)  Images  that,  strictly  spealung,  do  not 
coincide  are  often  united  by  a  psychical  habit, 

STEREOSCOPIC  VISION.     JUDGMENT  OF  SOLIDITY. 

The  images  formed  by  the  two  eyes  in  looking  at  soHd  objects  are  not 
exactly  alike,  but  differ  somewhat,  because  the  eyes  look  at  the  ob- 
ject from  two  different  points  of  view.  The  right  eye  can  see  more  of 
the  side  opposite  to  it,  and  the  same  is  true  of  the  left  eye.  Despite  this 
dissimilarity,  the  two  images  are  united. 

The  question  as  to  how  the  impression  of  solidity  is  obtained  by  the 
combination  of  such  different  images  may  be  best  solved  by  analyzing 
two  corresponding  stereoscopic  pictures. 

In  Fig.  305,  III,  L  and  R  are  two  such  pictures  that,  when  seen  with  a  stereo- 
scope, form  a  truncated  pyramid,  projecting  toward  the  eye  of  the  observer,  and 
the  similarly  designated  points  coincide.  If  the  distances  between  the  corre- 
sponding points  in  the  two  figures  be  measured,  it  will  be  found  that  the  distances 
A  a,  B  b,  C  c,  D  d  are  equal,  and  are  at  the  same  time  the  greatest  between  any 
of  the  points  of  the  two  figures;  further,  the  distances  E  e,  F  f,  G  g,  H  h  are  equal, 
but  are  smaller  than  the  first  set.  Considering,  finally,  the  lines  A  £,  a  e,  and 
B  F,  b  f,  which  coincide,  it  may  easily  be  seen  that  all  points  of  these  lines  that 
lie  nearer  A  a  and  B  b  are  further  apart  than  those  that  lie  nearer  E  e  and  F  f. 

From  a  consideration  of  these  relations  in  comparison  with  the 
stereoscopic  images  the  following  principles  for  stereoscopic  vision 
appear:  (i)  All  those  points  of  two  stereoscopic  images  (and  naturally 
of  two  retinal  images  of  solid  objects)  that  are  at  equal  distances  from 
each  other  in  the  two  images  appear  in  the  same  plane.  (2)  All  points 
that  are  closer  together  (than  the  others)  project  toward  the  observer, 
(3)  Conversely,  the  points  that  are  further  apart  recede  perspectively 
into  the  background. 

The  reason  for  this  phenomenon  resides  simply  in  the  following 
principle:  "In  binocular  vision  we  constantly  refer  the  position  of  the 
individual  points  of  the  image  in  the  direction  of  the  visual  axes  where 
they  intersect." 

The  following  stereoscopic  experiment  proves  this.  In  Fig.  305  I,  two  pairs 
of  points  are  taken  as  the  two  images  (a  b  and  a  ^  that  are  at  unequal  distances 
from  each  other  on  the  siu^ace  of  the  paper.  If  they  are  made  to  coincide,  by 
means  of  a  stereoscope,  the  point  (A),  formed  by  the  union  of  a  and  n,  appears  in 
the  plane  of  the  paper,  while  the  other  (B)  formed  by  the  points  b  and  ;),  which 
are  closer,  seems  to  float  in  the  air  in  front  of  A,  Fig.  305,  I.  shows  the  construc- 
tion clearly.  The  following  experiment  also  illustrates  the  same  condition.  Two 
seta  of  lines,  similar  to  B  A,  A  E  and  b  a,  a  e  in  Fig.  305,  III.  are  drawn  as  the 
figure!  to  be  superposed.  In  the  lines  B  A  and  b  a  all  the  points  to  be  superposed 
He  equally  distant  from  each  other;  on  the  contrary,  all  points  in  A  E  and  a  e, 
wbica  lie  nearer  to  E  and  e,  are  successively  closer  to  each  other.  Looked  at 
witb  a  rtereoBcope,  the  superposed  perpendicular  line  A  B  and  a  b  lies  in  the  plane 
d  the  paper,  while  the  obUque  hne  formed  by  A  E  and  a  e  projects  obliquely 
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outward  from  the  plane  of  the  paper  toward  the  observer.  Prom  these  two 
fundamental  experiments  all  stereoscopic  pairs  of  pictures  may  be  easily  analyzed; 
particularly,  it  will  be  seen  also  that  if  in  Fig.  305,  III.  the  two  pictures  be  ex- 
changed, so  that  R  lies  in  the  place  of  L.  the  impression  of  a  truncated  pyramidal 
hollow  vessel  must  result. 

Two  stereoscojjic  pictures,  which  are  so  constructed  that  one  contains  an 
object  taken  from  in  front  and  above,  the  other  the  object  taken  from  in  front 
and  btlow  (for  example,  if  the  ficures  in  Fig.  305.  HI,  had  the  lines  A  B  and 
a  b  as  base  line),  are  never  united  by  means  of  the  stereoscope.  If  these  two 
figures  be  turned  so  that  they  have  an  oblique  position  (so  that  the  comers  C,  c 

I  II 


X     - 


P      ? 


Ill 


IV 


A 

C 

1                 e 

\ 

E    C/ 

/ 

\«      iX 

X 

F     H^ 

i 

/Hx 

L      "     '       B        * 


Fio.  30J. — 1.  l>ia([rainmjiic  Hfprf«nta[iim  of  nicwslcr's  stftiufCiipt;  II,  ibat  of  WhcaiMonr;   III. 
?ni[iic  litawingsi    IV,  v.  Helmholli's  leltslerruscoij*. 


deviate  toward  thf  rifiht  and  downward),  the  impression  of  BoUdity  will  he  more 
and  more  interk-rod  with;  but  Landois  was  able  to  preser\-e  the  slgreoscopic 
appearance  up  t"  a  similar  riilati'in  of  30". 

The  profess  of  slcTf<iscu|iif  visinn  has  been  cx[)laineil  also  in  another 
way.  In  the  lijiiirc  K  aii^l  L  ( i"iy.  ,305,  111)  only  A  IJ  C  D  and  abed  fall 
on  idontical  ]n>ints  uT  the  n.'tinas,  and,  llnTt'Iore,  these  alone  can  coin- 
cide (or  ill  ;niijtlHT  i  oiuor^'i-m,!.'  ot  the  visual  axes  only  E  P'  G  li  and 
e  f  g  h  coincide,  Rir  tin-  same  reason).  It  it  be  su]j])Osed  that  the  quad- 
rate bases  oi  the  (i^fiirus  coimidtid  lirst,  it  has  lieen  further  assumed 
that  both  eyes  then  make  a  (|uiek  "gropiny"  motion  toward  the  apex 
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of  the  pyramid;  and  as  tlie  axes  of  the  eyes  would  have  to  converge 
more  and  more  in  doing  this,  the  apes  of  the  pyramid  appears  to  project ; 
for  all  points  appear  closer  when  the  eyes  must  he  converged  in  order  to 
see  them.  In  this  way,  all  corresponding  parts  of  both  figures  would  be 
brought  successively  on  identical  points  by  the  movements  of  the  eyes 
toward  each  other. 

To  this  tlie  objection  has  been  urged  that  the  duration  of  the  electric 
spark  is  suthcient  for  stereoscopic  vision:  a  len^jth  of  time  that  is  entirely 
too  short  for  the  ocular  movements.  Although  this  is  true  for  many 
figures,  this  movement  of  the  Wsual  axes  is  not  precluded  for  the  correct 
combination  of  complex  or  unusual  figures,  and  it  is  in  fact  of  con- 
siderable advantage,  especially  fur  certain  individuals. 

It  appears  that  not  merely  the  movements  that  actually  take  plaee, 
but  rather  the  sense  of  inncr\ation  of  the  muscles  necessary  to  the  move- 
ment is  suihcient  to  produce  the  impression  of  solidity.     ConsequenUy, 
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Stereoscopic  vision  may  depend  in  part  on  a  muscle-sensation :  the  feeling 
that  a  greater  convergence  of  the  visual  axes  is  necessary  for  the  super- 
position of  two  points  in  the  stereoscopic  hgures  produces  the  impression 
that  the  points  are  nearer;  conversely,  the  feeling  tliat  to  secure  the 
congruence  of  two  points  a  greater  divergence  of  the  \*isual  axes  is 
necessary  produces  the  impression  of  greater  distance. 

If,  now,  in  the  momentary  superposition  of  two  figurcK  makins  a  solid  image, 
a  movement  of  the  eyes  docK  not  ukc  pliicc  many  points  in  the  stereoscopic 
ggitres  are  appHn-nth-  tiriited  that,  strictly  speaking,  do  not  fall  on  identical 
retinal  points.  Tb«  latter  therefore  caimot  be  t}etignzied  vrith  cnattiematical 
occumcy  a.t  cdrrcsprjiidini;  pmnt»  of  the  rrtinas.  twit,  from  a  physioloKical  view- 
point, all  points  must  be  dcsigriBtcd  as  identical,  llic  simultaitcous  stimulatiun 
of  which  produces  as  a  rule  a  single  imagv.  In  this  voakhcence  the  mind  plays 
B  part:  tnere  i»  a  certiuD  psychical  tcnaency  to  fuse  the  Jnuble  imprefisidns  of 
both  n-tinaK  into  one,  as  experience  has  taught  that  th<-y  belong  to  one  sing'Ie 


876 


STBRBOSCOPIC  VIStOK.     JUDCMBST  OF  SOUDITY. 


inu^c.  If.  however,  the  diflereneeii  between  the  two  trterenscopic  6gurrti  orr  ei 
ccasjvc,  so  that  t(X>  witldy  ec;)aratvd  rotinal  |X)ints  are  affected,  or  if  new  lin« 
are  introduced  into  a  figure  that  do  not  bannonize  with  the  solid  figure,  or  wculd 
disturb  the  coalescence,  the  stereoscopic  fusion  ceaxex. 

The  itereoKOpe  is  an  inttrumcnt  hy  mvans  uf  which  two  similar  pictura 
drsttTi  in  pcrsproiivr.  may  be  superposed,  so  that  they  appear  sineic,  and  give 
the  imprc-fiion  of  &o1idily.'  ^Ticatatonc  accomplished  ibis  by  means  of  two  mirrors 
placed  at  an  an^lc  {Fik-  305-  H).  Brewnater  bj-  means  of  two  prisma  (Fig-  30$,  I). 
The  wnstrection  and  nwide  of  action  are  shown  b^-  the  figures. 

Even  without  a  6ti.-rcoscope  !i.-jnie  persona  arc  ahk  to  unite  two  mcfa  pictnre* 
by  directing  tlie  vimal  axis  of  each  eye  to  the  picture  oppc«te  to  it. 

Two  exactly  uniilar  pictures,  that  is.  thuse  in  which  all  eorrecponding  pointa 
are  at  an  eciuaJ  distance  from  each  other  (for  examjile  the  identical  l>agc£  of  two 
copies  of  a  book),  appear  exactt>'  on  the  ume  level  under  the  stereoscope; 
but  just  as  MKtt  as  one  point  in  one  or  the  other  is  closer  to.  or  farther  from. 
the  corrcspondiniE  point  than  the  othen,  it  appeara  immerliatcly  to  proicct 
in  (rant  ol  or  beaind  the  plane.  In  this  way  Oo\x  tau^^hi  how  to  distinguish 
false  banknotes  from  good  ones,  by  their  failure  to  yield  perfectly  flat  imagEa. 

Solid  objects  seen  frevn  a  great  distance,  sueh  as  the  remote  parts  of  a  land- 
scape, appear  flat,  as  in  a  picture,  and  do  not  stand  out,  because  the  difieroice 
in  the  position  of  the  eye*  is  too  stobII  relatively  to  be  taken  into  consideration 
In  order  to  obtain  a  stereoscopic  view  of  Kuch  objects,  v.  Helmholtx  constmcted 
the  lelestereoicope  (Tig.  joji,  Iv) .  an  instrument  ttiAt .  hy  means  of  parallel  narrora. 
moves  the  points  of  view  of  both  eyes  lo  some  extent  farther  ajiarl.  The  mirrxm 
L  and  R  throw  their  images  respecli\'ely  on  the  mirrors  I  and  r.  toward  which 
the  eyes  0  o  arc  directed ,  According  to  the  distance  of  L  and  R.  both  e>'e»  tnay 
be  apjiarently  .m.i>.-i rated  .icveral  feet  (to  O,  Ot).  The  distant  landscape  thus  hi^ 
a  distinct  appearance  vi  sulidity.  In  order  to  sec  the  distant  objects  more  distinctly 
and  at  closer  range,  a  telescope  <tieW-RlA«s)  can  l>e  placed  b<fore  each  eye  In- 
struments of  this  sort,  rclief-telcseopcs.  have  been  constructedin  great  perfection 
recently  by  Zeiss;    instead  of  mirrors  they  cuniain  amiloriy  actinti  prisms. 

If  in  two  Btereosct>])ie  pictures  the  coTTCSjioiiding  surfaces  are  made  blscfc 
in  the  one  and  white  in  the  other  (for  example,  if  two  truncated  pyramids  are 
drawn,  as  in  Fig.  305,  HI.  and  one  figure  is  dra«7i  exactly  hke  L,  that  is  with 
white  surfaces  and  Mack  Hntrif.  while  the  other  is  drawn  with  black  surfaces  and 
while  lines),  the  body  appears  to  shine  in  ihc  stereoscope.  The  explanation  of 
luster  is  that  the  shining  object,  in  a  certain  posttioa,  reflects  oright  light 
into  one  e>-c,  and  not  into  the  other:  because  at  a  given  angle  the  reflected  ray 
cannot  enter  l>oth  eyes  nt  the  same  time. 

An  interesting  exj>erinient  for  tUnstrating  stereoscopic  vision  is  furaislwd 
by  Whcatstone's  pseudoscope.  This  consists  of  two  rtght-angted  prisms  enetoaed 
in  tubes  (Fiu.  306.  A  and  B).  Ihrouch  which  the  olwert-er  looks  in  a  direeticai 
parallel  to  tneir  obUqtie  surfaces.  If  a  sphericiil  surface  is  seen  through  this 
instrument,  the  images  falling  in  the  eyes  will  be  reversed  laterally.  The  right 
eve  thus  obtains  a  view  usually  received  by  the  left  e^k'e,  and  cmversely;  the 
snadow  projected  is  also  nwneti.  The  result  of  this  is  that  the  ball  appears 
hollow.  R.  Ewald  constructed  the  apparatus  with  four  mirrors,  and  its  actum  wiQ 
be  readily  underetood  from  Fig.  307. 

The  stereoscope  can  also  be  used  to  explain  the  "  rivalry  of  the  visual  fielda  " 
In  other  words,  both  eves  are  almost  never  ciniiill.ineotiiL)y  and  eqtiallv  active  m 
binocular  vision,  but  they  rather  relieve  ench  other  mora  or  less  completely,  so 
that  at  one  time  the  image  of  one  retina,  at  another  time  that  of  the  other  prv\'aila. 
For  example,  if  two  diUlerently  colored  surfaces  are  placed  in  the  Etereoacopt. 
they  «ill  alternate  in  the  common  field  of  xision.  especially  if  they  are  brigluljr 
illuniinated.  accordin^lv  as  one  or  the  other  c>x  is  especially  active.  If  two  aor- 
fnces  arc  u.ted,  on  which  lines  are  so  drawn  that  they  would  crom  if  the  sorfara 
were  eupeiposed,  the  lines  tirst  of  one  system  and  then  of  the  other  ap^^car  uxm 
pronuncntly,  The  rivalrj-  of  the  visual  fields  is  similarly  shown  m  Ic  *■  — 
through  differently  colored  glasses  at  a  landscape. 
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ESTIMATION  OF  SIZE  AND  OF  DISTANCE. 

FALSE  ESTIMATES  OF  SIZE  AND  DIRECTION. 

The  judgment  as  to  the  size  of  an  object  depends,  apart  from  all  other 
factors,  vi[)on  the  size  of  thu  retinal  image;  thus  the  moon  is  estimated 
to  be  larger  than  a  star.  If.  while  looking  at  a  distant  landscape,  a 
fly  suddenly  crosses  the  field  of  vision,  close  to  the  eye,  its  image  may 
give  the  impression  of  a  large  bird,  because  of  the  relatively  great  size  of 
the  retinal  image.  If  the  image  is  seen  in  diffusion-circles,  on  account  of 
a  lack  of  accommodation,  it  may  appear  even  larger.  As.  however, 
objects  widely  unequal  in  size  yield  equally  large  rctinnl  images,  especi- 
ally when  their  distance  is  such  that  they  subtend  the  same  visual  angle 
(Fig.  379).  the  estimate  of  the  distance  is  of  the  greatest  importance  in 
estimating  the  actual  stie  of  an  object,  as  opposed  to  the  apparent  siie, 
which  is  determined  by  the  \'i.sua!  angle  alone. 

An  estimate  of  the  distance  of  an  object  is  formed  from  the  feeling  of 
accommodation,  as  a  greater  effort  of  accommodation  is  required  for 
accurate  vision  of  a  near  object  than  for  seeing  distant  objects.  As, 
however,  of  two  unequally  distant  objects  forming  retinal  images  of  the 
same  size  the  one  that  i.?  nearer  is  found  from  e.xperience  to  be  the 
smaller,  the  object  for  which  greater  accommodation  is  made  is  esti- 
mated to  be  the  smaller. 

This  fact  cxplttios  the  fullowinK  obacrvatioa :  1>CKiiuieFi  in  imcrcracopy  usually 
make  a  strong  «ic«oauiiodative  effort,  while  trained  observers  work  without  txcr- 
ci»inj;  th«)r  accomniodMion ,  Hence,  beffinnera  ettimMe  all  microseo^ical  iina{;<.-> 
a>  too  cmAll.  iind  in  drawinj;  them,  make  them  much  too  smol].  The  following 
experiment  is  a  ftinhcr  prf.mf  An  aftor-imagc  appears  Kmallcr  if  Ihi'  eye  accom- 
modate:^  for  near  vision,  and  much  largrr  when  th*  eye  comes  to  rest.  If  a  sniall 
object  iK  held  as  clu«-  a«  possible  to  the  eye,  an  object  behind  it,  which  ik  keen  in(!i> 
rectly.  appears  to  b«  xmatl^-r. 

A  much  more  important  means  of  estimating  the  size  of  an  object. 
by  judging  the  distance,  is  given  by  the  degree  of  convergence  of  the 
visual  axes.  The  position  of  an  object  that  is  seen  binocularly  is  re- 
ferred to  the  point  where  these  axes  cross.  The  angle  that  is  formed  by 
the  vi5i:al  axes  at  their  point  of  intersection  is  called  the  angle  of  crot^ 
vergfitcc  of  tht  visual  ax*:s.  The  larger,  therefore,  this  angle  of  conver- 
gence (with  equal  retinal  images),  the  nearer  the  object  is  judged  to  be. 
The  nearer,  however,  the  object,  the  smaller  it  may  Ic  in  order  to  subtend 
the  same  visual  angle  as  a  larger,  more  distant  object.  From  this  it  may 
be  concluded  that  when  objects  have  the  same  apparent  size  (equal 
visual  angles,  or  equal  retinal  images)  that  object  is  judged  to  be  the 
smallest  that  requires  the  greatest  convergence  of  the  visual  axes  during 
binocular  vision.  The  miiscuUir  sense  of  the  ocular  muscles  gives  the 
information  as  to  the  amount  of  muscular  effort  that  is  nece«sar>'. 

The  followinit  exijeiimenis  afford  thp  pnx>fs  for  this  statenwnl:  1.  The 
lapeury-pheiwmttKm  described  by  Hrrm.  Meyer.  If  a  bftckground  with  a  reg- 
ular, cncsaboBrd -pattern  (tapcstr>'  or  wickerwork)  be  luiVed  at  the  aquarrH  appear 
of  a  certain  tamt  when  the  visual  axca  are  paralld.  If  now  the  eyes  .'ire  cfvnverKcd 
on  an  object  cluscr  to  the  eyes,  so  that  the  visual  axes  cross,  the  i)uttem  appears 
to  mo\'c  into  the  s«nie  plonc  as  the  point  fixed,  the  crri»sc'l  double  ima^ca,  dis- 
placed laterally,  coincide,  ant!  ihe  piiiteni  opijears  .-malltr-  *.  Rollett  looked 
at  as  object  thnnigh  tivi>  thick  glruu  plate*:  in  one  car^  the  p1atc«  were  eo  placed 
(Fig.  309,  11)  that  the  apex  of  the  angle  between  the  two  plates  was  turned  toward 
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the  observer;  in  tbe  other  case  (I)  the  operunj;  oi  the  anglt  is  toward  the  obcerm. 
In  order  that  both  eyes  t  and  i  <in  I)  may  sec  ihc  object  a,  tbe  eyes  muse  coovecge 
more  than  if  thev  were  turned  directly  toward  a.  because  tbe  S»m  plates  displace 
ilic  rays  a  c  ana  a  g^arallcl  with  each  other  (e  i  and  b  i).  Therefore  tbe  object 
apfjears  nearer  and  aiuallcr  at  a.  In  U  the  rays  bi  k  and  b,  o  from  the  aaaJiKt. 
nearer  object  b.  (oil  <.n  ihe  glass  plates.  In  order  lo  wc  the  object  b,.  the  eye* 
(nand  q)  must  divcr]^  more,  and  tue  object  appears  at  f.enlarcedand  more  distant. 
3.  By  cxaminBtitm  of  Whcatstcne's  Btereoscopc  CF'8-  J^S'  ''^-  •'  *'"  readily  be 
seen 'that  the  nearer  the  two  pictyrcs  are  brought  to  the  ol»scrv-er.  the  nwW  the 
latter  must  converge  (because  the  angles  of  incidence  and  reflection  become 
latter).  Therefore,  the  hised  image  seems  sniaJler,  If  the  middle  of  tlie  picture 
R  is  moved  10  R|.  tbc  anslc  S,,r  rmtist  be  mudccmin]  to  S,  r  K|  (likewise naturally 
on  tlie  left).  4  As.  in  using  the  iclcslcrtoicopc.  the  eyes  arc.  in  a  manner,  mot-ed 
lar  apart,  they  mu-it  I>e  cunvcrced  more  slrfnglv.  in  looking  at  obiecis  at  a  certain 
distance,  than  in  nortniU  visicn.  Objectn  in  the  !and5caj>e.  (hcTcf<^rc.  appear  as 
in  a  small  model-  As.  ho^'ever.  it  is  cuEtomiuy  to  conadcr  the  dinancc  great 
■when  the  objects  are  so  email,  the  latter  appear  to  be  moved  at  the  same  time 
to  a  remarkable  ditianee. 

With  respect  to  the  judgment  of  distatue  the  following  rules  may  be 

noted :  With  retinal  images  of  equal  size,  the  distance  u:  estimated  to  be 

the  ffreater  the  less  the  effort  of  ac- 
commodation (and  conversely).  In 
binocular  vision,  ivilh  retinal  images  of 
equal  size  that  object  is  judged  to  b« 
furthest  away  that  requires  the  least 
convergence  of  the  visual  axes  (and 
conversely}. 

The  estimation  of  size  and  distance, 
therefore,  go  largely  hand  in  hand,  and 
the  correct  judgment  of  distance  affords 
also  a  correct  estimate  of  the  size  of 
objects.  A  further  aid  to  the  estima- 
tion of  distance  is  furnished  by  the  ob- 
servation of  the  apfxirnit  Jisplaccment 
of  objects  on  movement  of  the  head  or 
body.  During  such  movements,  objects 
are  apparently  displaced  laterally  more 
rapidly  the  nearer  they  are.  For  this 
reason,  in  traveling  in  an  express 
train,  the  objects  change  tbeir  position 

with  great  rapidity,  and  they  appear  nearer  and  consequently  smaller 

than  they  are, 

Finallj-.  those  objects  appear  nearest  that  are  most  distinct  in  the 

field  of  vision. 

Exampki:  A  ll^ht  in  a  dark  landsca|ie.  Itkenite  a  dazzlinj:  mountain>top 
covered  with  snow,  appear  exceedingly  near.  Viewed  from  a  higli  mountain 
tbe  fidvcry.  gleaming,  wirHiine  streams  not  rarelv  appear  to  l«  lifted  abore  tbe 
level  of  the  landscape.  Cta  looking  at  tlic  railway  embankment  from  a  train, 
the  BTOTind  pasatK  mdirtinetly  before  the  eye*.  II  suddenly  a  certain  point  is 
fixe^f  fur  distinct  vision,  it  appear*  momentarily  to  project  from  the  general 
level  toward  the  eye, 

False  Estimates  of  Size  and  Dirtction. — i.  A  given  dictonce  filled  out  by 
mtenui-diate  poiiu*  yppcars  larger  tliaii  the  «ame  dit;tancc  wiih^iut  tbcm.     Thci 
fore,  Ihc  sky  appears  elliptical,  instead  of  hemisphehr.-il :  and  for  the  same  n 

the  disc  of  the  sctling  mm  a)>i)ears  larger  than  when  it  is  high  in  the  hea 

a.  If  a  circle  is  movtd  slowly  to  and  Iro  behind  a  sKt,  it  apiK-ars  as  a  hmitnota) 
ellipse.  If  it  i»  moved  rapidly,  it  appears  ae  a  vertical  ellipse.  3.  If  a  line  line 
be  drawn  obliquely  across  a  heavy.  bl«;lt,  vertical  Unc,  tlic  fonner  appean  to 


Fie,  )«e.— RciUtu'tCItu  puu  Ai>faT>ii<i*. 
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deviate  froni  it&  <mK>nal  direction  on  diher  side  of  ihc  heavy  Uuc.  4-  Three  hori- 
sontal  parallel  iiiics,  i  cm.  apart,  are  drawn,  and  through  tlie  upper  and  lower 
ones  arc  drawn  short  parallel  stroL:cs  obliquely  from  above  and  to  tlie  left  down- 
ward and  to  the  right,  and  through  the  middle  line  eimilnr  oblictue  lines  from  the 
right  above  downward  and  to  the  l«ft.  The  three  horizontal  Un«s  no  longer  ap- 
pear pomllc].  5.  On  looking  at  a  bright,  vertical  line  in  a  dark  room,  and  in* 
dining  the  head  toward  the  shoulder,  the  line  iippears  to  be  rotated  in  the  oppn- 
site  chreclicm. 


OHGAHS  FOR  THE  PROTECTION  OF  THE  EYE. 

The   Eyelids. ^Th*   stiructute   of  the  eyolicis   xmi  th«   iirraiiKtnwnt  of  their 

t_^» ^^  parts  arc  shown  m  Kig.  jot)  and  the  accompnnwiig  di-scription.     The 

I  composed  not  of  cartilage.  Init  of  a  lirm  coffinectivc- tissue  plate,  in  which 
the  Keihomiac  glands  are  embedded.  They  are  acinous  sebaceous  glands  that 
anoint  the  lid-inargin.  At  the  basal  margin  of  the  Ur«u«,  e.»pedaUy  the  upper, 
the  a<:inotubular  glands  of  Krausc  haw  their  opening  close  to  the  transilion- 
fold  of  the  conjunctiva.  'Ilic  conjunctiva  covers  the  anterior  surface  of  the 
evclHiU  an  far  ail  the  corneal  margin,  the  oomea  heini;  rovi-red  only  with  the  cpi- 
thdiura.  The  conjunctiva  on  the  posterior  surface  of  the  lids  has  a  papilJary 
structure  in  placet,  the  furrows  of  which  have  been  con»idor(-cl  limAlI  mucous 
glands  in  man  and  in  several  mammalia:  s  sharp  distinction  between  furrows  and 
glands,  however,  cannot  be  made.  The  epithelium  is  composed  of  layers  of 
columnar  cells,  with  intervening  goblct-cclls.  Ruminants  possess  sweat-gland* 
surrounding  the  c^jntca:  cxtcmaT  to  the  cornea,  toward  the  outer  canthus. 
the  pig  has  simple,  glandular,  blind  sacs.  Waldeyer  discovered  moditicd  sweat- 
glands  at  the  margin  of  the  tarvuK  in  man.  Small  lymphatic  follicles  of  the  con- 
junctiva are  called  trachoma- glands.  1'hc  lymph- vessels  of  (he  conjuiictivs  are 
connected  with  the  h-mph-spaces  of  the  cornea  and  sclera.  Stohr  saw  leukocytes 
wander  upon  the  free  surface  cf  the  conjunctiva.  KrauiK;  found  end-bulbe  in  the 
conjunctiva  of  the  glolie,  Dogit-j  at  the  hd-margin.  The  ncreUo»  of  the  conjtmc- 
tiva,  aside  fromnome  mucuc.consictsof  the  ItLcrimal  fluid,  which  can  he  produced  in 
as  large  a  quantity  by  the  numerous  conjunctival  vessels  as  by  tlie  lachmal 
glands  themselves. 

Closure  of  the  eyelids  is  effected  hy  the  orbicularis  palpebranim 
muscle  (facial  nerve),  the  upper  lid  falling  by  its  own  weight.  The 
mt«cle  contracts:  (i)  voluntarily,  (a)  iavoluniarily  in  individual  con- 
tractions (winking),  (3)  as  a  rel^ex  act  from  irritation  of  any  of  the 
sensory  fibers  of  the  trigeminus  distributed  to  the  eyeball  and  the 
surrounding  tissues,  likewise  from  intense  stimulation  of  the  retina  by 
light;  (4)  persistent,  involuntary  closure  occurs  during  sleep. 

Opening  of  the  lids  is  brouglii  about  by  passive  dropping  of  the  lower 
and  active  elevation  of  the  upper  lid  by  the  levator.  The  unslriated 
mtiscular  libers  of  the  lids,  which  are  in  a  state  of  tonic  contraction,  act 
in  the  same  way  by  shortening  the  lid.  In  looking  downward  the  lower 
lid  is  drawn  down  by  bands  of  connective-tissue  fibers  running  from 
the  fascia  of  the  inferior  rectus  muscle  to  the  lower  tarsus. 

Ths  Lacrimal  Apparatua. — Tlie  atraight  and  freclv  hranehinK  tubules  of  the 
lacrimal  gland  have  secreting  cells,  which  arc  tall  wncn  "loaded,"  and  contain 
a  reservoir  for  the  secretion  in  the  (inc-mcshtd  protoplasm;  and  smaller  tells 
entirely  tilled  with  9ccn.tion  in  Hk-  fonn  tif  Iwijc  drops.  A  dumbbell-shaptd 
pair  of  rods  represents  the  nucleus  in  each  cell.  The  secr(>tion  tf  diwhiirgcd  by 
eonlnietion  of  the  proto^jlaBm  Intercellular  secretory  passages  ptrntrate  be- 
tween the  cells  to  the  level  of  the  nucleus.  A  lerminal  intercellular  network 
is  formed  by  exceedingly  line  nerve -liljerB.  The  secretoiy  nerves  have  been 
described  on  p.  fiflj.  F<«ir  i>r  five  large,  and  from  eight  to'ten  small,  excretory 
ducts  convey  the  tears  into  the  fornix  conjimctivic .  just  above  the  outer  canthus. 
The  lacrimal  canaliculi,  with  their  ojx-n  extremities,  tlie  liirrimal  jnincia.  dtp  into 
the  lacrimal  lake.  The  ducut  are  composed  of  connective  tissue  *iid  iliL-viic  tibcrs. 
and  are  lined  by  stratified  epithelium.  Striated  m use Ic-tib el's  ntc.'mpany  the 
ductf,  and,  by  their  contraction,  keep  them  open.     A  sphincter  surrounding  the 
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punetum  wu  overiooked  by  Tolclt:  G«rlaeh  found  an  in«nnplete  sphinetvr- 
muEcIe  The  ctuiaticuli  empty  at  scparutr  points  into  a  dilauiticti  of  tlt«  lacrimal 
fine.  Tlie  conn<.>cti ve-iissu«  cux'pring  of  xhe  sac  and  the  canal  i»  umtc-d  to  the 
neighboring  periosteum.     The  thm  mucous   mnnbnutc.  Hcli  in  lymphoid    cells. 

has  a  ilcniblc  layer  of  (ciliated }) 
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cylinilriciil   (-pit helium,  wbidi, 
becomes  stratified  and  sqi 
mous  belf>w.    The  opening 
the   canal  is  often   pronded 
with   a  valve  tike  fold  (Has- 
iht's  valve). 

The    tears    are    con- 
ducted   between  the  lids 
and  the  eyeball  by  capil- 
larity,   being    diirthhuteri 
evenly  by  the  movemcnu 
of  winking.    The  Meibo- 
mian   secretion    prevents 
the  tears  from  o^'errtowing 
the  Hd-margins.     The  pi 
sage  of  the  tears  througl 
thcpuncta,  the  canaHculus 
and  the  caniil  is  ejected 
largely  by  siphonage,  but 
this  is  asKtstcd  matrrially 
by      Horner's       muscle 
(known  also  to  Duvemoy 
in  1675),  which,  with  every! 
act  of  winking,  draws  the 
posterior  wall  of  the  sac 
backward,  dilating  the  sac. 
and  thus  exerting  an  aspir- 
atory     influence     on     the 
tears.  Scimemi  has  demon- 
strated   this     experimen- 
tally   by    introducing    a 
fine  tube  through  the  wall 
into   tbe    lumeu    of    thcj 
lacrimal   sac    (in    humant 
beings      with      lacrimal! 
fistula):"  fluid  is  aspirated' 
in    this    tube  with  every 
closure  of  tbe  lids. 

K.  H.  Weber  and  v.  Hu- 
ner  Iwlieve  that  the  lean  are 
aepirated    bv    nirefactuin    (4] 
the  air  in  tJir  imsal  casities* 
in  tbe  act   of  iDnpiralion  and 
in   that  of  inHuillatitni.    Arlt 
thinks  the  »ac   is  evtnpre«e4j 
by    the    cvniractioti     of 
nrbocuUric,  «o  that  the   tvafgl 
must  escape  toward  the  oo»*.| 
Finally,  Stt^llw-aubellev*.-«that 
the  tears  are  umjily  pressed  into  llie  puncla  by  pliinirr  of  tn«  lids;  while  according 
to  Gad  no  such  apparatus  for  puni|unK  the  tears  into  the  lacrimo-nasal  canal  exin& 
Landois  calls  attention.  howe>i-cr,  to  one  point,  namely  that  the  ttasae  sanvundtaic 
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fpUklrt  wUh  hain:  S  inJ  n,  ti-ma- ie< iii>n  ol  ocrm^  0. 
•ncrta;  lo.  ic'int:  11,  cUU.  u,  (nodUioi  ><n«I-clanila , 
It.  Ri^vitn't  ciLnry  iiLuwi^^  li,  i.kruj<:e  <A  a  M^Ihimida 
abnd;  ij,  trouvolin  ut  Hi  nM,  ic.  ;inir>ii'r  mul 
■luidi:  IK  And  i^  iijuve  r,l  tbe  tmnai;  >^.  prrlirul  or 
(UtunuKuliu  fonnmliy  iluuv;  ji  UHJ  $1,  kunjiaattiv* 
«i1h  III  ciililirliuin:  >t.  ■dipou  tUaii;:  loov-mHiMd 
(iD«i«noi  iil'cniiiy  ul  ihe  isnui;  16.  (Nlioa  ul  a  |«l[w 
bilancrji. 
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the  sac  and  the  canal  contains  numerous  large  venous  radicles.  In  expiration, 
especially  in  forced  expiration,  these  radicles  swell,  and  press  the  walls  of  the 
ducts  together.  For  this  reason  air  cannot  be  driven  into  the  tacrimonasal 
canal,  even  by  forced  pressure.  If  strong;  inspiratory  efforts  are  made,  as  in 
the  act  of  deep  frequent  insufflation,  the  veins  are  emptied,  and  as  the  walls  again 
retract  they  exert  an  aspiratory  influence  on  the  tears. 

The  secretion  of  tears  results  from  direct  irritation  of  the  lacrimal 
nerve,  the  subcutaneus  malas,  the  facial,  and  the  cervical  sympathetic, 
which  have  been  designated  the  secretory  nerves.  Reflex  secretion  of 
tears  may  be  brought  about  by  irritation  of  the  nasal  mucous  membrane 
on  the  same  side.  The  ordinary  secretion  in  the  waking  hours  is 
probably  a  reflex  result  of  irritation  of  the  anterior  surface  of  the  eye- 
ball (by  the  air,  by  evaporation  of  the  tears) ;  the  cornea  and  the  con- 
junctiva possess  sensibility  to  pain  and  touch,  to  cold  and  heat.  In- 
tense irritation  by  light  also  produces  a  reflex  flow  of  tears  through  the 
intermediation  of  the  optic  nerve.  In  the  rabbit  the  center  does  not 
extend  further  forward  than  the  origin  of  the  trigeminus,  but  it  extends 
downward  to  the  fifth  vertebra.  During  sleep  the  factors  mentioned 
are  absent,  and  the  tears  dry  up.  Reiche]  under  the  direction  of  Heid- 
enhain  found  that  the  active  gland,  after  injection  of  pilocarpin,  con- 
tains cloudy,  granular  diminutive  cells,  with  obscure  outlines,  and  spher- 
ical nuclei,  whereas  in  the  resting  gland  the  cells  are  light  and  slightly 
granular,  with  irregularly  formed  nuclei.  The  overflow  of  tears  pro- 
duced by  emotion  is  still  unexplained,  as  is  also  that  caused  by  hearty 
laughing.  In  coughing  or  vomiting,  the  secretion  of  tears  is  increased 
by  reflex  influences,  and  the  drainage  of  the  teirs  is  impeded  by  the 
expiratory  pressure. 

The  tears  moisten  the  eyeball,  protect  it  from  desiccation,  and  carry, 
off  small  particles,  with  the  assistance  of  winking.  Atropin  diminishes 
their  quantity. 

The  tears  are  alkaline  in  reaction  and  have  a  salty  taste ;  they  represent  a 
"serous"  secretion,  containing  from  98,1  to  99  per  cent,  of  water,  1,46  of  organic 
substances  (o.i  of  albumin  and  mucin,  0.1  of  epithelial  cells),  from  0.4  to  0.8 
of  salts  (principally  sodium  chlorid). 

Pathologically,  bacteria  are  present;  in  the  secretion  within  the  lacrimal 
canal,  streptothrix. 

COBIPARATIVE.     HISTORICAL. 

Comparative. — The  simplest  form  of  visual  apparatus  consists  of  deposits 
of  pigment  in  the  external  covering  of  the  body  connected  with  the  terminations 
of  afferent  nerves.  The  pigment  absorbs  the  light-rays  and  undergoes  a  chemical 
change  as  "visual  substance."  and,  as  a  result  of  the  action  of  the  luminiferous 
ether,  it  discharges  kinetic  energj-.  which  stimulates  the  terminations  of  the  ner\"ous 
end -apparatus.  Deposits  of  pigment  with  efferent  nerves,  and  in  addition  a  bright, 
refractive  body,  are  found  in  the  margins  of  the  swimming-bells  of  the  higher 
medusa;,  while  the  lower  forms  have  spots  of  pigment  only  at  the  base  of  the 
tentacles.  In  many  of  the  lower  wtirms  there  are  spots  of  pigment  near  the 
brain.  In  the  earthworm  the  head  is  sensitive  to  li^ht  because  of  the  presence 
of  iight-cells,  the  caudal  end  less  so.  In  others  the  pigment  surrounds  the  nerve- 
endings,  which  are  rejjresented  by  the  .so-ealled  crystalline  rods,  or  cr\-stal!ine 
balls  (for  example  the  rotifera,  or  wheel-animalcules).  In  leeches  the  eyes, 
which  are  usually  situated  in  the  head,  are  not  typically  developed.  Many  of 
the  lower  worms,  and  especially  the  parasites,  possess  no  visual  apparatus  whatever. 
In  starfishes  the  eyes  are  in  the  ends  of  the  arms,  and  consist  of  spherical  cr>'stal- 
line  organs,  surrounded  by  pigment,  and  supplied  wilh  ner\-es.  In  all  the  other 
echinoderms,  only  deposits  of  pigment  .ire  ]>reseni.  Among  the  articulates 
eyes  in  different  stages  of  development  are  met  with:  i.  Eves  without  cornea  that 
56 
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may  connst  of  suiglr  cryatalltne  eonce.  Bum)uad«>cl  by  piginraL  (ner%-ous  (!od> 
or|^).  Are  found  in  the  »in|ihborbood  of  the  brain  (the  lams  of  sotnr  cnljB>, 
or  there  may  Ik-  sevcnil  co'stAllinc  rods  in  the  comfKiund  cjre  (lower  craba).  a. 
Eyes  with  comca.  which  consiHts  of  a  leniicrular  ghnped.  chilinouH  formatiim  of 
tKe  outrr  external  intcguincnl.  nn:  fuund  tv  hn  cillitrr  siiniilc.  »m.-a$tint:  of  a  siDj^e 
cryntallinc  rod,  <>r  c«tiinou«d,  Tht  Intttr  havi-  citlH-i  only  ■?nc  Iaiki;  Icns-shopcil 
comcn,  common  to  nil  tho  cryrtnlline  roA*.  as  in  Kjiidcrs  (Kig,  3i«)i  or  »ch 
crystnllinc  rod  possesses  fnr  it«clf  a  spcdal  Ime-shar^d  contra  The  numerous 
rras,  Burrouudpd  by  pigment,  are  placed  cIps*  togethfr,  and  fomi  ii  run-Kl  sur- 
face. Tin:  chiliii'nis  covfriiiR  of  llie  head  it.  (artli-d.  itnd  forme  n  corncA-lrns 
on  the  surface  of  each  roil  (fig.  31?).  There  are  twn  theories  as  to  the  way  in 
which  the  image  is  produced  by  this  compound  eye  of  the  arthrofcdK.     Arc>n^int! 
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lo  011c,  each  fncct.  with  the  lens  and  crynt^  sphere, 
is  8  separate  eye:  while  man  h««  tw  oyirs,  tnc  in- 
sect i%  ftipposed  to  have  many  hundreds  of  eyes, 
Each  eye  uuvs  the  image  of  the  outer  world  ac  a 
whrfe.  'ITie  followinR  cxiK-nmoiit  of  Ant.  Ueeuwen- 
hoeck  seems  to  indicate  this:  If  the  cwmca  is  cut 
oil.  fiich  'if  it*  faciis  (iimis  a  icparaic  inisge  of 
objects  If,  for  r;iiLTnple.  a  crow  i»  jilaced  <ni  the 
mirror  "I  a  microscope,  while  n  piece  of  faceted 
conita  i»  plti^-ed  as  an  oVjjccl  on  the  sta^c,  a"  imaee 
of  the  cnws  can  be  «een  in  each  facet,  (>nsequentTy 
ft  teparnte  image  wonld  be  formed  for  each  pod 
{cr\'3lal*?*['hcrcl  This  t»kes  |^lac^,  hnwevtT,  only 
whvn  the  crynial- sphere  is  ri'mi»vi*d.  In  cimibina- 
lion  with  the  latler.  each  tomeal  facet  forms  only 
a  part  of  the  tufriuht)  imaai^  nf  the  external 
world,  so  that  the  image  must  be  conceived  to  Ik 
compiMTil  Uke  a  mosaic  (mosaic  vision).  The 
R6nt|{en  ra)'5  appear  to  Ih.'  visible  to  iiiaects  (Hil-s). 
AmonK  molluscs  ihe  lixcd  brachiopod*  have  two 

fiigment-f-j'ots  near  llii-  brain,  but  only  in   their  free 
urval  e<m<liti<>n.     Similarlv.  the  Iari'H>  of  musselfl 

hnvr  pij^int-Kt'iitK  *ith  reirwiivu  bodies.  Adull  niiiKwIn,  however,  have p4gineitt- 
Epc^its  only  ,it  tne  marsin  nf  Ihe  mantle.  i>ut  wiine  of  them  have  iieduneulaied. 
emeraid-lu.*troiis  hiRhly  dtvctnped  eyes.  Amonir  ihe  snails  sevetaf  of  itu-  Uivsrr 
fonnN  pixvu-^Gt  nu  eycN  at  all.  <itners  have  a  i>air  of  |it);ni<-nt-»]ii>is  on  Uir  head,  and 
a  mimber  have  eyes  in  variouj*  MuiU'n  "l  ilevil'ipmenl  (I'ij;*  ill.  itjd  The 
gurden-snail  has  its  eyes  tai  a  soocial  pcdiele.  and  ihey  arc  provided  with  a  eiimeit, 

ric  nervu,   retina,  and   nnally.  even  lent   .uid  viln-inis.     Of   the  cepbdlcipMla 
nautilui*  ha*  no  ctjmca  or  lenH.  and  the  svawntcr  fKiwi  freely  into  the  omlu 
ca^i'ity.     Otherti  pocsc««  n  lens,  but  the  cornea  is  ahnent,  while  i;till  otbcra  have  an 
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aliening  In  the  eon>ea  (sepia,  octujiut.  Joligo);  al!  oth«r  jiarts  of  tht?  «yeK  are  wrell 
(Icrrk'ped.  The  eye  of  tha  wrKbraU-s  ni;«rtls  im  dt'tailrcl  clcKcn|iliyn.  Thr 
amtihicixus  is  «Sth"nl  eyes,  which  are  utid  eve  loped  in  protcus.  and  in  the  ntiimmal 
spalax.  whose  life  in  the  daxi:  has  caused  the  visual  organ  loairojjhy.  Iniiiaiiyiishea. 
amphibians  and  reptiles  the  eye  is  co%*rrc(l  by  skin,  which  han  lieconte  trun5i:>urerit. 
Scvcra]  varieties  of  »harkt.  crncodilca.  and  hrds  have  evctids,  and.  in  uadition. 
m  nictilalJTig  membrone  in  Ihr  inner  anjile  of  the  eye.  tonneeted  with  it  i»  the 
Harderian  gland.  In  maiufnaU  ihe  nictiuting  membrane  is  reduced  to  the  plica 
semilunaris.  There  »a  no  lacrimal  apparatus  in  tishes.  The  team  «(  rcptilct 
remain  under  tliv  watehjlasft-Khaned  cntie\ilar  covering  that  extends  over  the 
eye,  The  sclera  of  the  tsseous  fishes  has  two  bands  of  cartilage,  which  are  often 
osairied^  from  tlje  middle  of  the  cbon-id,  a  inum^ular  organ  (falciform  proce*s) 
proceeds  forward,  and  its  anterior  enlMrj:<'d  cxtn-mity.whieh  i*  called  the  fu'ipaitH/o 
UalUri.  \s  inserted  into  the  outer  margin  of  the  lens  The  camponuln,  called 
by  Beer  the  retractor  muscle  of  the  lens,  pulls  the  lens  nearer  to  tnc  retina,  and 
iu  thie  way  produces  an  acconuii(>dation  ft^rdixtance  (the  eye  being  acconini 'plated 
(or  near  vwion.  nhen  at  rc»t>  In  bird*  the  «imiUi- muscular  structure,  the  peclen. 
_  rftcn  reachrti  nearly  to  the  le»is-capsule      The  omea  "i  hirds  is  snrrounded  by  a 
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tony  hnj!  In  the  hirds  of  prey  the  cornea 
changes  with  the  lens.  The  »  hale  has  a  tn'tneii- 
douily  thick  sclera.  The  lens  in  the  n(|natic 
aniinaUis  stronifjy  cunvex.  The  muBclcs  of  the 
ins  and  the  choroid  ace  striated  IransverK'lv  in 
reptiles  and  in  birds.  It  sbinild  yet  be  especially 
mentioned  that  the  retinal  rods  o(  vi-rtcliratcs 
tmost  rejitiles  have  no  rods  in  the  retina 
and  no  viKital  piirplel  !ire  directed   from  l^eforc 

backward,  while  the  analogous  elementK  in  invertebrates  Cerj-slalline  nidn,  juid 
spheres)  are  directed  from  behind  fom-ard.  In  the  prehistoric  salamanders, 
the  esistcncc  of  a  thin!  eye  is  .i»s\imrd  in  the  parietal  region  (]jarietal  eye)  The 
pineal  gland  of  vertebrates  appenn;  to  be  the  atrophic  remniiiil  <\l  the  jraiietal 
eye.  In  lizards  the  parietal  eye  is  present  beneath  the  skin,  which  is  tnuisparent 
in  the  iguuna.  mi>  that  it  serves  here  probably  in  siiuiU  nieaaurv  an  n  visual  ap- 
paratus. 

The  investigations  of  Locb  have  shown  that  (as  in  plants)  the  direction  of 
the  visual  ray*  has  an  influence  on  the  direction  of  movement  of  many  animiUs  — 
Miotropism.  In  (act  many  animals  witlKnjl  eyes  exhibit  hehotropism.  Some 
turn  toward  the  light,  nthert  awav  frtnu  it.  By  incR-asiinK  the  temperature  or 
the  omcentration  of  the  surrounding  sea-water.  Locb  was  able  to  reverse  this 

BClioD. 

Biatorlcal.^The  Platonici  and  Stoics  iron^Jend  the  visual  act  as  material. 
Rays  of  light  were  biipuoised  to  proceed  from  the  eye  and  from  the  objects,  and 
to  meet,  and  the  ravs  lT'>m  the  eye  to  (ctum  to  it  with  the  fcelino  of  the  object 
The  Kpicure:ins  lii-fieved  that  smull  corporeal  images  procet-ded  directly  fr<<«i 
the  objects:  the  Penp.itetics  that  the  images  wore  roncorpon-ai.  According 
to  Ariittoile  the  eye  does  not  take  frtjin  ihe  nbjeet  any  of  its  i.ul»:iance.  but  only 
JtE  SL-mblance.  as' the  wax  take«  the  impn-won  of  tnr  seal,     The   IJreeks  were 
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familiar  with  thvideaxof  tixatinn-poiiit .  HHd  of  vision,  binoralar  single  and  Ltoublv 
vision.  llcsc»rl«-s  orKinattd  thv  hypothesis  of  the  vitirati<in<i  of  the  ether,  which 
were  supposed  to  exist  also  in  ihc  eye.  and  to  stiniulau-  the  oervc.  The  following 
may  \n-  inmiiiwicil  wiih  ngard  lo  tht  diflcrent  part*  nf  the  ryr.  and  llidr  fdnctions: 
The  school  iW  Hijipivraus  knew  af  the  optic  iicrvc  and  tlic  Ims  Aristtulo  (384 
B.  C>  records  the  £uct  that  di^'iEto^  o(  the  optk  nerve  as  a  result  of  in)un>'  cause* 
blindni.-K).  He  wao  faiiiiliar  >vjih  wfUr-iitiiiKt»,  iinijli<iis  hyj-n-n-pia  and  myopia, 
statt*  thai  blue  eyi.-*  exhibit  mort  vigorous  ins-n-nctions  en  txpcixur*  to  liglit 
than  ilnrk  t-yrn.  aiid  ihat  m;iii  aUmi'  has  cilia  it)  Imlh  (-Acltdii.  Hi-  mcntitnis  a 
tnaii  who  was  able  W  si-o  visions,  as  yiiinetiliim  relates  of  th«  painter  Theon  wn 
Lamos.  llerophiitu  (30J  B.  C.)  diseo^-ered  the  retina:  the  ciliary  body  was  6ntl 
rccoKnixcd  m  hi«  Kchoo).  Galen  (131—103  A.  D  )  deK-rilwd  thu  xix  ocular  miuclea. 
the  lacrimal  piincla.  ami  the  Tvar-ducts-  Accordinji  tohitn.  the  n-tina  rrct-ivesthe 
iniprcs^ons  of  IieIiI:  he  refers  the  origin  of  the  upiie  nerA'c  to  the  tlialanilis 
BercQgar  (>S3>)  ^os  aware  u(  the  oily  condition  uf  the  lid-maripiiH ,  Stcpbantu 
(1543)  una  Caa»i.-ri  (1&09)  intiittuncil  the  Metbimiiaa  |{3*i><^>  which  ncrc  named 
after  )i!cibi)n\iu(  (1666).  Arunzi  licKeriN'd  (1  jfi6)  the  muscles  of  thi-  hd  Fnll<>pia 
designated  the  hyaloid  m*mbninp  am!  the  ciUar>'  licamrrit  Hlaler  emphasifeiJ 
the  greater  cun-alurc  of  the  posterior  surface  o(  the  lens  (15*3)-  Aldrovardi 
saw  veKtit;es  of  the  pupillary  nMrnibraiie  (i5<i9). 

Even  in  the  time  of  Wsaliiw  (1540)  the  refractive  iKWrr  of  the  Irns  wax 
discussed:  Porta  (1  $0o)  compnied  the  eye  to  the  camera  obscura.  and  Maurolykos 
the  action  of  the  lens  to  thai  of  a  lens  of  glass,  but  Kej>ltT(  1611)  was  the  lir»t  to 
show  the  tnic  refnielive  indices  of  the  eye.  and  the  fonniiti'^n  of  tb<"  retinal  imuKe: 
he  believed,  however,  lh;il  Bceommi'dation  was  effected  by  the  moveincni  of  the 
retina  backward  and  fonvard  Thv  Jesuit  father  ScbtiiH-r  (i6i<))  priived,  how- 
ever, thai  the  lens  was  m.ide  more  convex  by  the  eibar>'  processes,  and  ho  assumed 
the  exinte-nec  of  ronsclc-hbers  in  the  tivea.  At  the  cune  time  he  recognized  the  «i- 
mullanc'itis  contraction  nf  ihe  iiti[>il  in  necrirnniiidatHiii  for  near  virion.  Hr  tirlieved 
myopia  and  hyperopia  to  be  ciiie  to  the  cun-ature  of  the  Ifns.  and  he  first  showed 
the  inverted  linage  on  the  retina  of  an  enucleated  eve.  Bnggs'  remark  (ift76). 
"  Liifamentutn  clliarc  u  libri.t  niotricibua  C(in.->tanN,"  liKcwJKc  the  analoguus  imt  of 
Ruyscb  fi;4i).  led  Morgagni  to  the  correct  interpretation  of  the  process  ciaccom- 
mi'iltinnii  hilm.  Mariolti-  recognized  that  the  reflex  from  the  pupil  arose  frum 
rcrtectcd  lii^ht  (166S).  As  to  the  use  of  clashes,  there  is  a  note  aa  caily  as  Pliny. 
At  ihc  beginning  of  the  fourteenth  ci-niun,-,  the  FlorcnUnc,  Snlvino  d'Amiato 
def(li  Amiili  di  Fir  (died  iji?).  is  said  to  have  invented  theni:  likewise  the  l^san 
monk  Alejawndro  de  Spina  (died  1313).  Kepler  in  1611,  and  Descancf  in  1637 
were  the  finit  to  exjilrun  thtnr  action  correctly.  Hiij'tfhens  made  an  a[>paratuB 
in  imitation  of  the  eye.  and  showed  upon  it  the  actum  of  glanea  (i(i><)s!.  The 
struggle  of  the  visual  fields  is  ascribed  to  Gassendus  (1658).  Agulonius  (lAij) 
occupied  himiccll  with  the  horopter.  BnggH  (i670>  iunnised  that  ain){le  vtnon 
occurred  when  the  object  (onni-d  an  imaK>'  '^  homologcni*  fihcrt  of  the  rrlina: 
de  Peicvse  described  positive  and  negative  aftcr-ima|!es  (1634):  v.  MuseKent>rr«:l( 
knew  of  the  cobir-top  C17A3).  Leonardo  da  Vtnci  (died  1^19)  was  nell  acquainted 
with  contrast-phenomena.  Otlo  v.  Oerieke  (1671)  with  the  cilored  wiadows, 
Kepler  (ifiii)  with  irmdiaiion.  'ITie  la«t  named  explained  comectly  upright 
vimon,  the  perception  of  d<.-pth,  and  the  cslimation  of  distance  Xnek  analyted  the 
aqtieuus  humor  (1688),  Chrmiet  the  lens  (tb^M).  De  la  Hire  (the  younger)  ascribed 
to  the  aiiuciniK  and  ttie  vitreous  ilu-  wine  refraetive  power,  and  tested  that  of  the 
lens  and  the  cornea  (1707).  Maitrc-_Jean  referred  the  movement  of  the  in*  to  its 
circular  and  radial  fibers  (170?*  KnowledEc  of  the  eye  was  greatly  advantvd 
liy  Zimi  (1755).  Kuyscli  descril:iil  tl.e  muscular  liters  of  the  iris,  Moniu  (1J04) 
l.tltr  the  sphincter  i/f  the  pupil  more  fully  BtrKeliusdrintmstnited  chemically  Uie 
presence  of  mwBclc-ttsaue  in  the  itif-  Jacob  discovered  the  layer  of  rods  of  the 
retina  Somniering  l>*y')  fire'  deseribed  the  yellow  mot.  Ant  Leeuuenhei^ 
knew  o(  the  lens-fibers  Reil  nntcil  the  star-shaped  fiasihty  of  the  lens  Btfitehus 
examined  ehrmieally  the  lent,  the  aqueouK,  the  vitreous,  the  ]ngnient.  and  tht 
tears  Yotiny  first  "obwrvptl  asttgniatism  (iSoil,  Brewster  and  Cliossat  ^(Ci9^ 
tested  the  fefraelive  power  of  the  cctilar  media.  Piykinje  studied  Rub)ecbvr 
vision  thonniKbly  (>Siy)  tleimhohi'  '*  Ph>iao!f>gica!  Opttnt "  mimnved  up  tbr 
entire  science  in  a  classical  work  (iSji6-64>, 
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PLAN  OF  THE  STRUCTURE  OF  THE  EAR. 

The  auditarj-  nerve  is  excited  normally  by  waves  of  sound, 
wliich  arc  supposed  to  set  in  vibration  the  ctid-orcans  of  the  auditon' 
nerve.  These  lie  in  tlie  endolymph  of  the  labyrintli  of  ilie  inner  ear,  on 
niembninous  expansions  of  the  cochlea,  the  siifcule  and  utride,  .md  the 
scmicin-ular  canals.  The  waves  of  sound  are  first  coininunicatcd  to  the 
labyrinthine  fluid,  producing  wave- motions  that  set  up  similar  vibrations 
in  the  ncfvc-endings.  The  stimulation  of  the  auditorv  nerve  is  hronght 
about,  therefore,  by  the  mechanical  irritation  produced  by  the  un- 
dulntions  of  the  labyrinthine  fluid. 

The  labyrinthine  lluid  is  enclosed  in  the  extraordinarily  dense  and 
hard  mass  constituting  the  pctmus  portion  of  the  temporal  bone  (Fig. 
3 14).  At  one  situation  in  tlie  shape  of  a  small,  rounded  triangle  (fenes- 
tra rotunda),  the  boundary  is  formed  of  a  deIic^■ite,  yielding  membrane, 
the  opposite  side  of  which  is  in  contact  with  the  air  in  the  tympanum 
(P).  Not  far  from  the  fenestra  rotunda  is  the  fenestra  ovalis  (o).  into 
which  the  bg;sal  plate  of  the  stapes  (s)  is  fixed  by  means  of  a  yielding 
membranous  ring.  The  outer  surface  of  this  also  is  in  contact  with  the 
air  in  the  tympanum.  As  the  labyrinthine  fluid  is  enclosed  at  these  two 
places  by  flexible  boundaries,  it  is  evident  that  it  is  L-apablc  of  an  undu- 
intor\'  movement,  as  yielding  limiting  membranes  are  able  to  follow  these 
undulations. 

U  it  be  asked  further,  in  what  ways  the  waves  of  sound  can  set  the 
labyrinthine  fluid  in  movement,  three  different  methods  suggest  them- 
selves: 

] ,  Conduction  through  the  bones  of  the  skull.  This  takes  place 
especially  when  solid,  sounding  bodies  are  placed  directly  on  the  head 
(for  example,  a  tuning-fork;  the  sound  is  then  propagated  most  strongly 
in  the  direction  of  the  prolonged  handle  of  the  tuning-fork),  .ilso  when 
the  sound  is  transmitted  to  the  head  through  fluids  (for  example,  water 
under  which  the  head  is  submerged).  If  the  external  auditon,'  canal 
is  slopped  up,  the  vibrations  of  the  tuning-fork  are  more  strongly  heard. 
From  this  it  has  been  concluded  that  the  vibrations  in  the  bone  set  the 
air  in  the  middle  ear  and  the  auditory  canal  in  vibration,  and  tliat  this 
is  communicated  to  the  tympanic  membrane,  so  that  the  stimulation 
arises  from  this,  as  under  normal  circumstances — eraniolympatiic  s/i'mii- 
lalifyti.  Waves  of  sound  in  the  air  are  practically  not  transmitted  to  the 
bones  of  the  skull,  as  is  shown  by  the  inability  to  hear  when  the  ears 
are  closed. 

Of  The  aofi  parTs  IwiongiTiR  to  the  head,  imly  thf>sr  tliai  are  dirccily  in  contact 
mth  the  liiitirs  iiiiuUut  Hinitifl  k«-11:  "f  the  ilcl.iclicd  portions,  the  carriliiginfuts 
part  ol  the  external  car  is  the  heat  conductor.  Even  under  ilii?  most  favorable 
eiicum&tanccs.  conduction  thniuKh  lh«  Uince  t>(  Ibc  eikuU  aJTorda  Wm  favuntbli; 
coti<iiii')ji»  for  (■xcitalioii  of  the  auditory  ncrvt*  than  cnndiictitm  of  the  sound 
through  the  auAtory  cnim|.  For  oxampte.  if  a  \-ibrnting  luning-forl;  Iw  held 
between  the  teeth  until  its  sound  ib  no  loncer  hoard,  its  tone  may  be  still  distinetly 
heard  i(  it  is  brought  quickly  in  fnwit  uf  ih«  ear  Stmnd-*  mv  alsu  belter  con- 
(tuettd  thriiunh  the  bimei;  nl  the  skull  il  the  'iKeillntliins  are  not  fn-etv  tranttmilted 
by  the  Imm-*  to  the  tympanic  membrane,  and  by  lhi«  In  the  oir  of  the  auditOT>" 
canal.     Thi-reforc,  sounds  are  heard  lieller  if  the  ears  arc  cJuscd  at  the  same  lime. 
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as  the  iranstnudon  is  thus  jestrictcd.  If  in  peisons  hard  of  hearing  trondticTiun 
and  hvartni;  Mirviu)r||  Uir  Ixine:)  (4  the  &kuU  arc  stitl  nomta].  Lhf  causr  of  the  Aead- 
ness  is  ncit  in  itic  nc-T^'<l'\ls  pans  of  tlic  rar.  Intt  in  the  external  sound -conductinit 
part  of  ihc  ap])aratii9, 

3.  Normal  conduction,  in  ortlinar)'  hearing  through  the  extemii] 
auditor)-  canal,  takes  place  as  follovs-s:  the  vibrations  of  the  air  first  scl 

the  lympaDic  mem* 
hrane(Fig.  314.T) 
into  vibration :  this 
in  turn  moves  th« 
malleus  (h),  the 
incus  (a),  and  the 
-Stapes  <s),  the  last 
of  which  transmits 
the  vibrations  of 
its  base  to  the  fluid 
of  the  labyrinth. 

3.  In  individ- 
ujils,  in  whom  as 
a  result  of  destruc- 
tive disease  of  the 
middli!  ear,  the 
tympanic  mem- 
brane and  the 
Dssicl<ys  arc  de- 
stroyed, stimula- 
tiouof  theauditory 
apparatus  can  take 
place  (to  be  sure, 
only  in  an  impaired 
degree)  also  by  u 
transmission  of  the 
atmospheric  vibra- 
tions directly  to  the  membrane  (wvering  the  fenestra  rotunda  (r)  and  the 
structure  closing  the  fenestra  ovalis  (o).  The  membrane  of  the  fenes- 
tra rotunda  can.  in  faci.  be  set  in  vibration  alone,  even  if  the  parts  clos- 
ing the  fenestra  ovalis  have  become  tmyielding. 
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Fm.  JI4. — DiatfnnunalK  Rriimtniainu  cl  ihr  .^tiililuT/  Aiiuanliu-  AG, 
eilETtuI  ainUlocy  lanil;  T,  i)tiiuiai(.  uiembranr.  k.  iiiiiueui.  wilb  iii 
httd  (h).  Aon  pwnt  iki}  and  ininnliriuin  <iii)i  i,  inni*.  iiiih  it* 
Hum  ptocns  M  uul  kmii  pmni,  irhidi  i>  iinkoJ  viih  ilic  i)>tn  (il 
hf  lh«  ot  orbicular*  (ohq^Ic  of  SvK'ibiK  1*^  (Tmi4n^.  t:««ily;  o,  u^'*l 
window:  t,  ruunul  wiiulow;  \.  briiniiiaii  ul  the  Lmtna  tpiiJii  iit  thi 
c«di1(4:  pi.  rlii  ««]<  iirnpmi,  tnil  n.  ihi  mlt  irttihii\i;  V,  "itti 
tnilc;  S.  uiiult;  C.  utnclc^  II.  Krnioxutiu  ouuli;  TE,  EusUfhiwi 
<u^.  ThF  lijiui  amr*  indknla  lh(  dirrclioD  of  nitna  ol  the  trtuo* 
lympani  muHir,  tht  «l>ori  cvr^r^  «rrt>v  thai  ni  lb?  »i*pr^uj  mgjclr. 


PRELIMINARY   PHYSICAL   COM  SI  DERATIONS. 

Stitint]  is  prDiIuci-d  bj'  the  <«ollBtions  of  dastic  Iwdit-^  capablv  of  vibratioo. 
Thes*  oBcillations  caus?  aliematc  ccir  den  sat  ions  and  rari-factiuns  o(  th«  surrouDd- 
ingair:  or  in  oihcr  words  Mavcs.  in  which  ihf  particles  \Hbrate  looBitiidinallj'. 
thai  i»  in  the  rlir(.-cli<>n  «f  !ninHmiA»iciii  vi  ttit  Miund.  Ttirvc  vondensntioDS  and 
mri'factions  form  conn-ntric  hollnw  sphcn-s  nruund  the  point  of  origin  of  the 
acnitid.  which  piupogatc  tht-  tound-n  bra  lions  to  ihc  ea»r.  The  vilrsiiotw  of 
sonorous  bodies  nrc  calk-d  ataticnury  vibralicna,  that  is  all  of  tl)L-ir  1  re 

always  in  the  wtme  phitue  of  movement,  a*  they  l»egin  to  movi-  itini'  '- , 

reach  the  maximum  uf  viUratinn  at  thi-  tarn*-  time,  and  be^n  the  r^iurr  rn  n-in 
at  the  same  lime  as.  (or  I'xaniplc.  the  iiariicles  of  a  Bounding,  vibmtint;  tru'ialhc 
ruil.  Sound  ik  |)n>dufe<l.  therefore,  ty  tlw:  siaiionan.'  vthratiiMis  of  vlaiitic  bixlirs. 
and  it  is  piupaKaIrd  liy  advimnng  u-avi-inciik>nK  uf  clfixlic  mtdia  (ordinarily  ul 
the  air),  The  vvavc-lcngth  of  a  lone,  ihat  is  the  distance  between  one  maxtimim 
cj  rniKlwiiiaiion  and  lh<;  huccccdin^  one  in  the  air  (or  tR.-twccn  two  comdmwinrm- 
sphen-B  of  the  air)  is  pivpcrlionai  to  the  lime  of  uscillation  of  the  ln)dy  whtsc 
vibrauc^s  produce  the  BDund-wavea- 
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If  >  i^  iho  wav«-lmi!th  of  «  tMtr.  t  the  tiini-  in  seconds  of  an  ocdllktion 
o(  the  tK)d>'  prriducing  ihc  wave,  ihcn  '  -  nl.  in  which  n  •■  390  s*  meters 
the  vcltictt)'  in  citch  HKinid  uf  Mnind-tranuiitHKion  thnmtcti  the  air.  Th«  re* 
Indty  of  sound -cransmissitm  in  water  has  been  fvunii  tu  be  i4.=l5  mctcra 
in  each  second — or  about  four  times  as  great  as  in  air.  In  solid  sonorous  ttodies, 
it  is  from  7  to  iS  timen  vrtilef  than  in  air.  Siwind  19  coiidueled  heel  when  it 
rcmaini;  in  on*  mtdium;  if  it  passes  through  diff<Trnl  media,  it  ii  always  weakened. 

Rertirctinn  iif  sowml-wnvofi  tHX-ors  when  thoy  Kirikr  a  liiihd  oli«t:iclt',  in  whtch 
case  the  angle  of  reflection  is  ahrays  equal  to  the  angle  of  incidence. 

At  Duj.  jjlaie  some  additional  fa'cU  relating  to  wave-movements  maybe  staled, 
Two  vaTtciies  nf  w;lv<■.nlll^^^ltllt»  an;  ib»linj{ui!thi-d : 

I.  Progre«ivc  Wave-niovenicnt».^Thcsc  can  appear  in  two  different  fonna: 
As  ionf:iluditial  waits,  in  which  the  individual  iiantclcs  of  the  u«cillaling 
hody  vitinitc  about  thur  center  of  K^avity  in  the  aireetimi  of  tlic  (jrot^>agatioD 
of  the  wave.  To  these  belonjt  thi-  waves  in  water  and  in  nir  In  this  fonn  of 
motion,  the  p)irtiele«  arc.  of  mcep.sity,  lH-«[n.-<i  up  in  cerlion  placid,  for  (-x.imple, 
on  the  c«stB  of  water-waves,  while  in' other  plaees  they  ar*  diminifihed  in  numijer. 
This  form  of  wave  is.  therefore,  called  a  uxnt  of  cdukiMulicM  and  farejoclion. 
If.  however,  each  particle  in  the  iidvanein^  wave  mnvi-s  only  up  and  down  ver- 
tically, that  is  transversely  to  the  direction  of  propagation  of  the  wjive,  tlien 
there  result  simple  IntHsvttst  tvam'.t  or  progressive  tie  xi  on -waves,  in  which  there 
is  no  con  den  bat  ion  or  rarufaciion  in  the  directirni  of  pK>pagatJon.  as  the  particles 
arc  merely  displari-d  laterally.  An  example  of  this  wave-moticn  is  afforded  by 
the  p^OE^vssi^■e  wiivcs  in  a  rope. 

II.  Stationary  FI*rion-w«e«.  — If  all  the  parlicke  of  an  elastic  vibrating 
l»odv  oscillate  m  nueh  a  niann<.-r  that  they  are  alwayi  in  the  same  phase  of  move- 
mi-nt  like  the  twoi»rong»ot  afii3)indingliininj^-fork,oratwanf((:deord,the  rf:iulling 
movements  are  desi^aled  stationary'  lie xion -waves.  .As  liorjies  of  little  i-xteiil  in 
the  direction  of  oscillation  vibrate  to  and  fro  in  sldtionary  flex  ion -waves,  it  is 
evident  that  the  small  parts  of  the  auditory  apparatus  alito  (tympanic  membrane, 
auditor^'  "ssicles.  cndol>Tnph)  oscillate  in  stationary  fleajon-waves.  fitrriched 
^trinj^s.  intcTTitptcd  by  nodal  pomta.  can  also  execute  iitationaiy  flexion-waves  in 
individual  sefcmenta, 
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When  the  cartilainnous  (elastic)  atiriclc  ii  aljscnt,  the  acutcness  of  hearinx 
is  iMjt  little  alieri^.  tVinsc^uently  the  auriele  i*  physiological  I  y  o(  minor  im- 
portance. It  has  been  sujipowd  that  the  elevationK  wifi  depressions  of  the  auricle 
nave  a  favorable  action  tn  reflecting  the  sound-wave^  Many  of  the  latter  are 
manifestly  relleclcd  outward  again,  and  LhuKc  that  reach  the  deep  j>art  of  tlw 
concha  are  supimsed  to  lie  thrown  againKt  the  tragus,  to  be  rellecled  from  this  into 
the  cxtcmal  auditopi*  canal.  It  has  also  been  sugRvsttd  that  the  auricle  imensi* 
(ie)  the  sound  by  oKillating  in  unison  with  it.  By  Qlbng  the  depressions  of  the 
auricle  with  wax.  up  to  the  meatus.  Schndder  claims  lo  have  reduced  the  acule- 
ncss  of  hearing,  but  I  larlcM  and  Esscr  found  it  unchanged.  Against  the  assump- 
tion thai  there  is  an  efitetivc  teHeclion  of  lliv  sound-wnve*  l-uth  from  the  parts 
of  the  auricle  and  from  the  walls  of  the  canal.  Mach  with  justice  raises  the  objection 
that  the  dimensionc  of  these  parts  arw  too  ftmall  in  compariiton  to  the  wavc-lenRths 
«if  sfHinils.  Finally,  it  has  i>een  awunied  thai  the  auricle,  as  an  independent. 
ela<;tic  plate,  takes  up  the  sound-waves,  and  conducts  them  to  the  cranial  bones: 
«o  that,  in  this  way.  (he  stiniulation  of  the  auditury  ncrvm  is  trtrengtlMmed.  Aa. 
however,  the  conductitm  of  ismind  ihnru^h  the  lxiiie»  of  the  skull,  fr<iro  the  air.  is 
exceedingly  slight,  no  serious  consideration  can  be  given  to  such  a  theorj-. 

According  to  Kcsscl  there  arc  in  the  auricle  five  •.ituaticnK  from  which  the 
sound  is  conducted  to  the  car.  in  varyin;;  degree,  when  the  bead  is  held  still; 
or  if  the  head  is  moved,  variations  in  intci»ity  «iil  oecur.  If  the  posterior  Mirfsce 
of  the  auricle  is  covered  with  ruhbi-r.  the  acuity  of  hearing  and  the  ability  to  local- 
ise sound-impressions  coming  from  behind  are  decTwasea. 

Mualfs  of  rfc'  ExWrtiiil  h.ar^^(i]  The  entire  aurick'  ismov^-d  by  the  petrahens. 
altrabens.  and  atlirk-ns.  (a)  Tlie  form  of  the  auricle  may  lie  altered  by  the 
tracicuR.  antitragicus.  helJcis  major  and  minor  internally;  and  bv  the  transversiii 
and  obtiquus  auriculs  externally.  Individuals  who  ran  move  liicir  ears  obsen>'e 
no  altcratirm  in  hearing  during  the  movement,     The  hclieis  major  ao^  miour 
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flO-  11J-— "nie  Ejlrfnal  Andiiary  Cual,  and 
the  TyiTiMnuni,   M.  cantln  in  iht  icm- 


lhri.i«<il.  ["ri.iHMiJuipiirlktnnltbctanal; 
I,,  mFmld-iiiiiiUk  p-irtian  l^vtefi  thern; 
y,  ticuM  ijiil)  Till  ihr  mculylr  i<t  >hr 
kiw(t  jaw  itftianlbliiurh). 


tin  eirvaion  of  tha  helix:    tb«  tranci-ersc  aoid  obU'iuo  muscle*  nf  the  auricli!  ur 

dilat-on  of  the  deprenioiu  in  Ibe  Huricic:   thr  traiiicut  ttnd  juiitrjsicus  are  con* 

stmtors  of  Lh<;  canal,  tbi-y  mnvqioad 
lo  analogous  mtucLcs  in  animals  )n 
xiiiinsls.  however,  the  uuhcle  and  its 
musculiir  ncLivity  have  a  dccidcil  in* 
liucncc  upon  hearing.  Thr  muscles,  in 
lh<  first  i>]tKC.  direct  thv  openiRj(»  -if 
th<  auriclM  toward  or  aw«y  fiwra  thp 
*niiTCf  tyf  th«  Kound  (phckjng  up  iht 
ears).  The  intc-ma!  muBcleit,  nvnvovttr. 
coniracl  or  dilate  the  caMtj-  of  the 
.■iiincle  In  niaay  diving  animals,  valw- 
liicr  ii|iprtidaicv)  ct<>M'  the  cnnal-  The 
hiimBT)  auricle  may  Ix;  must  appripriuU-ly 
coBAtdrrrd  aa  a  perfectly  lonncd  but 
funcltunidly  dtjpjneraU;  oirgan. 

Tbc  tzttntai  auditory  eanat  measures 
from  3  to  j.sj  cm.  in  k«^h.  fnwn  » 
to  g  mm  in  ncight.  and  frum  6  tn  y 
mm.  in  bn-adih  ai  the  meatus:  il  is 
the  ciinductiir  o(  iltc  mound-waves  to 
the  tympanic  membrane-  Aa  it  ha* 
a  stifthily  spiral  curve  (in  order  to 
look  inio  Uie  canal,  the  auhcle  should 
be  drawn  upward).  akn<t9t  all  of  tli« 
Mnind-tvMVcs  ttrikc  tinit  nt^iunst  ils  wall, 
and  arv  rt^tU'ctod  llfccncc  t«  the  tympanic 
m«mbranc-  fVcliiKion  of  the  audilor^- 
cansl,  espf^ially  by  niiixscs  of  inK|))SKat«d 

cerumen    (secreted    by    thn  coniminous  glands,  which   are  similar    to    sirraC- 

Kittnds).  intvrferrc.  naturalLy.  with  the  hearing. 

THE  TYMPAWIC  MEMBRANE, 

The  txmf^iuic  m.-Kihran--  (l-ig  ji61  i*  an  imynldinn,  fl'^'l  uliiK"l  invxfiansibW. 
clastic  Ttii-mlirane,  with  a  tliicWt-ntd  bi^rder,  »tt  in  a  s[>ccial  lx»uy  Rntive.  and 
stretched  rather  loosely.  It  is  about  o  i  mm  tKielc,  50  sq.  mm  m  an-a  On  small 
animals  not  much  Kniallcr),  clltplirni  in  shape  (its  larjier  dian»eter  is  frnm  9  j 
tn  le  mm  .  its  smallor  S  mm.),  nnd  it  is  plaevd  obltnuvly  at  the  innu  extrem- 
ity of  the  fxternal  auditory  canal  at  an  angle  of  to'  from  abure  down- 
ward and  inwHril.  Both  mcnibmnrs  ronvcri;c  anteriorly  so  that,  if  pnilonir^. 
they  would  mixt  at  nn  an^lc  ft  tmm  i  to'  to  1,15"  The  "bli'iue  position  allowa 
the  mtmbmnc  10  present  a  Krtatcr  surface  than  if  it  were  jilar«d  vertically,  and 
thus  many  ni'irc  wavca  of  sound  ciiii  fflll  vcrtiv»Ily  upon  it.  Thr  incmbrNnc  is 
not  evenly  stretched,  but  )»  (lra«Tj  inwnr-l  just  bd"w  thv  center  (umbvt  by  the 
handle  ol  the  mallf^us.  which  is  attached  10  it:  while  the  short  process  of  111©  nuU- 
1(^UK  pr'>jcc(E  forward  somewhat  nt  the  upper  edge  of  the  membrane  (Piga.  JI4 
and  315). 

The  tym|)anJc  mpmbrwic  cmisisis  of  thn-«-  layem:  (1)  The  mrmlieana  prrniria 
is  a  fibrous  membrane.  com|>osed  of  radial  fibers <>n  its  outer  surtnce, and  of  dmilar 
fibers  on  its  inner  surface,  (j)  The  anrfn<e  faeinc  the  cxti^mal  auditory  r«nal 
haa  a  thin  covering  of  cuticle.  {.?)  The  side  faring  the  tympanic  cavity  haa  a 
delicate  mucosa  with  a  sinKle  layer  nf  st|iiamf'U«  vpithelitun.  Numcrou*  acme* 
and  lymi'h- vessels,  as  well  as  internal  and  external  blood-vessels  are  found  in 
I  he  niciiioraiie 

The  tympanic  membrane  takes  up  the  sound-waves  that  enter  the 
auditory  canal,  and  is  set  into  vibration  by  them,  in  correspomlence  with 
ihe  number  and  .implitmlc  i>i  the  movemenls  of  the  sounii-wa^cs  in  the 
air.  Folitzer  connected  the  ossicles  attached  to  the  tympanic  mem- 
brane o(  a  duck  with  a  recording  apparatus,  and  was  able  to  register  the 
vibrations  of  the  membrane  prtiduced  by  sounding  any  imie.  On 
account  of  its  small  dimensions  the  tympanic  membrane  tnoves  to  and 
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fto  B!9  a  whole  in  accordance  with  the  condensations  and  rarefactions  at 
th«  unilulaling  air  (in  the  direction  of  the  sountl-waves).  The  mem- 
Lrane,  therefore,  makes  transver^  vibrations,  for  which  it  is  especially 
adapted,  owing  to  the  relatively  slight  resistance. 

Stretched  coHs  unci  mumbranc-s  arc-  at;t  iiiTo  decided  sj-miitithctic  vibr&tiun 
unly  whon  thfy  urw  ftflccU-d  bv  tont«  that  ct>nv«pi>n£l  with  their  'iwii  fundamenial 
tOiM.'.  «>r  vhvsv  rate  of  xnliratum  is  Himtr  tniilti|i!c  of  thoir  uwr  r.iti-  (iwt.ii'c,  t!u»- 
derime.  q\€.),  li  they  art*  affected  by  othor  tones.  th«r  associated  movenwBt 
will  be  only  inconsideVablt^.  This  niav  be  ilUi^^truied  by  »  simjjlt?  vxampk-  if 
a  ini-ml)ran<-  In.-  ntn-lched  over  a  cyhrnler  »ir  a  funnel,  ami  ;i  piece-  <)f  M'sliiiR-Wiix 
be  !Hi5jn-mlcd  b>|  a  silkworm -thread,  to  thai  it  Jvist  touches  the  miiidh-  i>f  llir 
membrane,  it  will  n-niain  comparatively  quiet  when  iiiu.sical  tones  art  struck 
in  il&  vidmly.  A»  sufil.  howevt-r,  an  the  fuinktmcmnl  Xime  of  the  a|>par3lu& 
is  so\itided,  the  piece  of  vox  will  \>v  greatly  B^itated  b>'  the  marked  vibrntions 
of  the  meml'Tane. 
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FlO,  jiA— TviniKtiii  Urmlrt'int  uiA  AwUtviv  (^MUto  <Jr((> 
>ir«(d  lium  wiihiu  ((rom  ihr  ijmpuili;  niilif):  M. 
ninuhriun  rr(  ttiF  malinn:  X.  iawitiDn  •>(  Ike  imu^r 
lymmni;  h.  hiail  of  iht  inaDnu:  I  F.  Ions  pffwru  nt  Ibr 
irullcui:  n.iniiii,  vith  ili  >hor>  <K)  and  III  likSti  (l|  pRrccu: 
■S.  1J4U  <if  ihv  tfafv^.  A  jt,  A  )L  ia  ib^^  ^mnum  Wjt  vl  nr 
lalum  cif  Ihp  OBifln.  S  iIif  nrhnlite  iiTinlFiiwBi  \*- 
1*tTTn  itiL«  r^iUnit  uW  flic  incu* 


Fi'i.  31J. — TYmpanlc  Miinl«»w  "'  ■ 
Vnlmni  Infuit  vunml  iRMn  Ihr 
Ouicij;.  Kith  ibr  ItuKJlc  at  tlu 
Mallriu  ihiniiu  thmuth;  jI'l  tyin- 
^nic  ribc.  Kiln  lit  anleiiM  lO  *"<> 
■«>ittriar<fe>ciu]. 


ft. 
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Kl<~..  11*       rtmimnii  Mmlifinr  iti^ 

<"t  C™.  (7|,  <hiinlt  l>iii|«f«i:   T, 
imcJcrtlil*       iWpnvwWm      {Viljiine. 


If  these  conditions  be  transferred  to  the  tympanic  membrane,  this 
would  also  be  set  into  marked  vibmtinn  when  its  fundamental  tone  is 
sounded,  but  only  into  slight  vibration  when  other  tones  arc  produced. 
Such  a  state  fif  affairs  would  l)e  attended  with  an  enoniious  Inequality 
in  the  act  of  lieariny.  and  provisiun  is.  therefore,  made  in  the  tympanic 
membrane  for  the  neutralization  of  this  ine(iuality.  This  end  is  attained : 
fi)  Through  the  great  resistance  to  the  vibrations  of  the  membrane 
that  the  chain  of  attached  ossicles  offers.  They  act  as  a  ilaniping 
apparatus,  which  (as  in  the  case  of  any  daDipe<i  membrane)  prevents  the 
tympanic  membrane  from  vibnitinK  excessively  when  its  fundamental 
tone  is  struck.  The  damping  reduces  the  amplitude  of  vibration  of  the 
membrane  for  all  otlicr  tones  also.  In  this  way  all  of  the  vibrations  of 
the  tympanic  membrane  are  moderated,  but  especially  the  excessive 
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vibration  on  the  ■«>un<iing  of  its  fundamental  tone  is  dimintshetl.  Tfatrre- 
fore,  the  membrane  is  l>cttcr  adapted  to  respond  to  Ihc  vibrations  of 
different  wave-lengths,  although  to  a  lessened  degree,  The  damping 
also  prevents  efTectttaHy  <hslurhing  after- vibrations,  (a)  The  s\-i 
pathetic  vibrations  of  ilic  manl.rane  must  be  small,  in  accordance  with' 
its  diminutive  size.  Further,  those  slight  elongations  are  (]uite  sutTicienl 
to  transfer  the  sound-movement  U>  the  extremely  delicalo  end-organs  of 
the  auditory  nerves.  In  fact  in  the  description  of  the  auditor)-  ossicles 
it  will  l>o  seen  that  there  exist  other  arrangements  thai  still  funht 
diminish  the  oscillations  of  the  tympanic  mcmbnme. 

Ai  V  Hrlmholtz  has  pf«iiHc<l  out,  the  incrcas*><I  assooiatoiJ  vilimtinn  of  ihr 
lympoJiic  m^mbraiic  when  its  own  note  ix  soundird  is  not  completely  dualized 
by  itic  (!.iiiiijinuiiTrarn<'tii»""l  iltsrnlH-iI,  He  tails  attention  lothi-  fact  that  luni'at 
men  the  tntM-N  iif  liic  mxih  octave-  e  and  t  nix-  fSiirciiilly  i»i<Tcin]j  anil  shrit!  (fir 
cxunj>k-  the  shnll  tones  nf  the  cnckri),  and  he  suppiiccs.  therefore,  that  the 
indivtduul  tiuic  i>f  the  auditory  atjparatuii,  including  Ihr  tympanic  incinlrani:. 
lies  tu  thl^  rv|;i<'ii.  st  that  the  membnine  vibrates  Btrtiijjly  in  iininijn  when  the^e 
tone*  arc  sounded.  In  j;i-nt-ral  the  sound*  tliat  are  desijrnated  a^  picrcinjt  Seem 
Mpocinlly  to  cause  the  fundAmcntal  i-ilir.itinnt!  of  the  aMi|it*>r\'  np]>i)raiu«. 

According  to   Kessc-l.   the   individual   [loniciis  of   the    tympanic    mcmbrare 
have  an  independent  relation  lu  stmnd*:   tlie  shortest  radial  fibors  in  the  upper, 
portion  [if  the  anterior  srKini-nl  wnd  in  Hie  tlJ^In-^lH.•|iI™^ll  vnlinitc  with  tlw;  hi£hi-«tl 
tones,  while  the  longeBt  libera  on  the  poitcnor  scHimnt  vibrate  with  the  dreiRSt^ 
tones.     Noiitej)  arc  ftut/juiscd  to  be  iranstiiitted  by  the  tipper  portion  o(  the  posterior 
Mcmcnti  therefore,  ilenp  tones  are  reatlily  di»tarbcd  and  extin^t.-dicd  livmnwn. 

According  to  Pick  inc  tympanic  membrane  pf-escBScs,  in  addition  irj  the  pnji>^ 
criy  o(  titking  up  all  vibrati^nio  .tlniost  cqnnliy  well,  also  thai  o(  a  ri-6">nancfl 
apparatus,  that  is.  it  admits  of  an  accumulation  of  the  <-nerg\'  of  Buecessive  vibra 
tions  It  owcK  this  primerty  to  its  (unncl-shaped  retracte-i  form,  as  tvtll  as  t 
thi'  r:idiid1y  placed,  rigid  handle  of  the  malleus,  as  uitiltdally  conslnicled  mode) 
have  shiitt'ii 

PaiholoKicat. — Thielcrning  and  inflexiTrility  of  the  t>-mp*nic  mentljrane 
diminish  the  acuity  "f  hcarini;,  in  cnnseqiiencr  of  the  lessened  vibratinjt  ability 
of  the  membrane.  Perforations  and  Iom  of  substance  have  the  same  effect  In 
coaea  of  extensive  dcstructiun,  arttlicial  canlruiiiH  have  been  in««rtcd  into  tfc 
cuioj,  the  vibrations  of  which  replace  to  a  certain  extent  thtic  of  the  lost 
hrane- 
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The  auditor)-  ossicles  have  a  double  function;  ^I)  They  transmit 
the  vibrations  of  the  tympanic  membrane  to  Che  cndolymph  of  the 
labyrinth  by  means  of  the  chain  that  they  form,  (a)  They  afford 
points  of  attachment  for  the  muscles  nf  the  middle  ear,  which  through 
the  hones  alter  the  tension  of  the  tympanic  inmnbraoe  and  the  presstire 
on  tile  fluid  of  the  labjTinth. 

Fi^-  .jiQ  and  ,iJO  sboK-  the  fonn  and  position  of  the  osBicles.  which  constitute 
an  articulated  chain  cimneclinK  the  tympanic,  mcmtinuie  (M)  with  the  labyrin*. 
ihinc  fluid  throiijih  the  malleus  (h).  the  incus  (a),  and  the  stapes  (S>.     The  mannc 
in  which  the  ossicles  move  dcscr\-cs  especial  attention.     Ttie  handle  of  the  mallet: 
(Fiv.  310.  »)  i»  llrmly  attached  to  tlte  fibers  of  the  tytnI^unic  iiicmtiranc.      In 
addilicn.  the  malleus  is  iLxcd  by  h^aments  that  icf;ulatv  the  direction  uf  its  move- 
ment*.    Two  of  ihem,  the  antenor  ligament   of  the  mallouK.  nrinng  [ron\ 
pnKessuH  l-'niiaiius,  and  the  (xiaterior  ligament,  arising  from  a  iinall  cfwtl  on  ll 
neck  o(  the  malleus,  form  together  a  common  axial  hand,  which  erosaea  the  tyr 
panic  cavity  from  liehind  (orwiirtl,  ciinKe<)UftTtly  iiariillel  to  the  nirfaee  of  i| 
tjTnpanie  ntrmbrane.     The  neck  of  the  mnlk-uk  lies  l>ct«Ten  the  inaertims  1 
the  two  ligaments.     Tlie  united  ligament  determines  the  axis  of  rntatiot)  for  ll 
movement  of  the  malletis      When  the  liandle  of  the  iitidleiis  is  drau-n  inwan 
its   head   must    naturally  make   the  opposite  outward   nwvenimt      The  iocm 
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(a)  is  only  partially  fixed  in  tta  po«iUon  by  a  ligament  that  a^^res  iu  8b<^ 
proceM  to  the  ■R'sill  of  th«  t>Tnp»riic  ctt\nty.  in  front  uf  the  entnujcc  to  the  roastotd 
cells  (K).  It  is  innterially  supported  I>v  Ih*  rather  loose  (trtiojlnticn  with  the 
hend  of  the  mslleus  (h) .  the  aaddlc-shnped  artimlatinR  stirfarc  of  which  is  insnt^d 
into  a  depmciiioTi  in  the  ineti*.  Special  attention  imut  lie  direeted  to  the  ralchet- 
hke  lower  biircli-r  rtf  the  inciis  (rig.  316.  S),  When  the  huiullc  of  Uic  malletM 
moves  inward,  this  arrangcmenl  clauses  the  limg  proci-tt  I'f  the  int-iw  0).  which 
is  parallel  to  the  manubriuin  of  the  malleus,  and  is  attached  to  tlic  staples  (S) 
almost  at  right  anules  thniu£h  the  srftamoid  Iiune  of  Sylvius  (a),  trt  move  inward 
at  the  wnjie  tiinc  If.  hnwcver.  the  tympanic  mnjilinmi;,  to|;cthcT  wth  the  handle 
of  the  tnalletu.  is  moved  outward,  as  by  ecu  denial  ion  of  ihc  air  in  the  t>-iiipaiiic 
cavity,  the  long  process  of  the  incus  does  not  make  the  aaniv  tnuveiiicnl,  aa  the 
malleus  nlone  tnovea  awav  fr&m  the  ratehetlike  edRO  (■!  the  incm.  There  is, 
conRequently,  no  pull  on  the  xtapes,  and,  therefore,  no  dirturbitig  agitation  of  the 
endtilympl) .  As  Ed  Welxr  has  well  shfm-n.  the  malleiK  and  the  incus  wfprcwmt 
a  rectangular  lever,  whose  movement  occurs  about  a  common  axi&  (Fig.  31O.  and 
Fir.  530  Ax,  Ax)  In  the  moveineiu  niward.llie  incuKfoliows  the  inallcuH  a»:(  the 
two  wi-n-  one  piece.  The  common  axis  (Fig,  .^ifi)  i»  rot,  however,  the  axial  liga- 
ment of  the  malleus,  but  it  is  fonncd  anteriorly  by  the  processus  Fohanus  (IFl, 
which  ia  directed  forward,  and  poeleriorly  by  the  snon  jiroceM  of  the  incus  (K), 
wliich  is  dirtcled  backward  The  rotation  of  the  two  ouiclcs  about  this  axia 
takes  place  in  It  plane  per[iendtcvilar  to 

the  plane  of  the  tympAnic  mcmhrnne,  ^ 

During  the  rotation,  the  pans  above 
this  axis  (head  of  the  malleus  and  upj:er 
part  of  the  incux)  move  in  a  (iirrciifin 
opposite  to  [hat  in  which  nmvc  those 
lyins  beneath  it  (manubrium  of  the 
raallcuM  and  lonji;  prnceaa  of  the  incus) . 
as  ia  )n<licnted  m  Pi};.  310  by  the 
direction  of  the  arrow,  Thcniovemeni 
of  the  manubrium  must  alwayn  follow 
that  of  the  cvmpnnic  memltrane,  and 
the  reverse,  while  the  cxcurwrin  of  the 
stapes  is  necessarily  the  same  as  that 
of  the  long  proceiw  of  the  incus.  Atten- 
tion must  be  called  to  one  more  im- 
portant point.  As  tile  long  process  of 
ihc  incus  is  only  iwo-thirds  an  !im(" 
aa  the  manubrium  (FiKs-  _136,.ii/.  .?!»> 
the  excursion  of  the  apex  of  the-  former, 
and  with  it  that  of  the  8ta[>es,  mu»t 
be  correspondingly  leas  than  that  of  the  &wx  ai  the  nianubrium  (>n  the  other 
hand,  the  forceof  the  movem«it,  corresponding  to  the  diminution  of  the  excursion, 
will  be  increased. 

Movctncnts  of  the  tympanic  membrane  mward  thus  cause  less  ex- 
tensive, but  more  powerful,  movements  of  the  base  of  the  stapes  against 
the  fiuid  of  the  labyrinth,  which  v.  Helmholtz  and  Politzcr  estimated 
to  be  abuut  0.07  mm.  in  amplitude. 

The  way  in  which  the  vibrations  of  the  t\'mpanic  membrane  are 
transmitted  to  the  cndolymph  through  the  chain  of  ossicles  is  exactly 
analogous  to  the  method  of  movement  of  these  parts,  as  already  ex- 
plained. For  the  study  ol  this  moveraenl,  lonK  delicate  glass  threads 
have  been  attached  to  the  varioua  portions  of  the  ossicles,  and  the 
movements,  when  sounds  were  convcyctl  to  the  auditor>'  apparatus, 
have  been  thus  recorded  on  smoked  paper.  Bright  particles  have  also 
been  pasted  on  the  individual  parts,  whbsc  oscillating  movements  appear 
as  lines  of  light,  which  have  been  followed  and  measured  with  the  aid  of 
the  microscope.  AH  experiments  have  proved  that  the  transmission 
of  the  sound-vibrations  takes  place  through  the  mechanism  of  tlie 
rectangular  lever  formed    hv   the   ossicles,   as  has    been    described. 
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Althmtgh  tlie  vibrationit  of  the  tympanic  mdnbraae  are  transmitted 
through  the  malleus  to  the  irtcus.  tiicre  is.  however,  a  loss  of  about  one- 
fourth  of  their  original  .imijlitudc 

As  the  excursions  of  thu  otssiclcs  caused  by  the  sound -vibrations  are 
extremely  small,  the  articulations  do  not  change  position  with  ever;- 
vibration.  Such  a  change  occurs  probably  only  when  larger  movements 
are  produced  by  the  muscles,  as  will  now  be  explnined. 

The  muscles  oj  the  mtditory  ossklcs  nffcct  the  position  of  the  latter  ami 
also  the  tension  of  the  tympanic  membrane,  ir  well  as  the  pressure  in 
the  cndolymph.  The  tensor  lympani  muscle  is  situated  in  an  osseous 
groove  above  the  Kustachian  tube;  its  tendon  is  deflected  over  a  bony 
prucei;s  of  this  prolonged  groove  in  a  direction  outward  almost  at  right 

angles,  and  is  inserted  on 
the  malleus  just  below  its 
axis  of  rotation  <Kig.  331, 
M).  When  the  muscle 
contracu  (in  the  direction 
of  the  arrow  t,  Kig.  320) 
the  handle  of  the  malleus 
(n)  pulls  the  ij-rnponic 
membrane  (M) inward  and 
makes  it  tense.  The  incus 
.nnd  stajies  are  moved  at 
the  same  time,  and  the 
stai)es  (S>  is  pressed  more 
deeply  into  the  fenestra 
ovalis.  as  has  been  already 
fully  described.  When  the 
muscle  relaxes,  the  original 
position  is  again  assumed 
as  a  result  of  the  elasticity 
of  the  rotated  axial  liga- 
ment and  the  tense  tvm- 
panic  membrane.  *rhe 
motor  nerve  of  the  muscle 
comes  from  the  trigeminus 
and  passes  Through  the 
otic  ganglion.  C.  Ludwig 
and  Hohtzer  observed  the 
motion  described  follow 
irritation  of  the  fifth  nerve 
in  the  cranial  cavity. 
The  stretching  of  the  tympanic  membrane  efTeded  by  the'tensor 
has  a  double  purpose:  (i)  The  tense  membrane  offers  greater  resistance 
to  sympathetic  vibration  when  the  sounds  are  loud,  as  tense  membranes 
are  always  Clie  more  difficult  to  set  in  sympathetic  vibration  the  more 
they  are  stretched.  In  this  connection  the  tensor  acts  as  a  protection 
for  the  ear,  hy  preventing  the  transmission  of  excessively  strong  impulses 
through  the  tympanic  membrane  to  the  ner^-c-endings.  (2)  The  tension 
of  the  tympanic  membrane  must  van.'  according  to  the  degree  of  con- 
traction, In  this  way  the  membrane  has  a  diflcrcnt  fundamental  tone 
according  to  the  tension,  and  is  therefore  enabled  always  lo  vibrate  more 
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strongly  in  svmpathy  with  the  especial  tone  for  which  it  ts,  as  it  were, 
adjusted.  6y  this  means  the  perception  of  feeble  tones  is  facili- 
tated. 

In  thi»  lesi^itt  the  Ijinjiamc  mpmliraiic  ha»  lictii  iivll  compared  with  ihc  iris. 
Both  membranes,  by  contratlinu— jiarniwing  nf  \hr  pupil  nnd  ^rtlching  of  the 
tympanic  membrane — prcvtmt  the  excessive  action  of  the  spct-ific  Kiiiiixilus  from 
caiiMiit  cxccsiiivc  irriUitiun,  and  bull)  udapl  tli«  Kniu>r>-  «|j(<aratua  to  llic  action 
of  nmatratc  or  <vviik  stimuli.  The  movcimrnt  in  Wth  mcmbriinv*  is  Ihc  result 
of  a  reflex  action:  far  the  car  thniiif;h  the  niiditorj'  n*rvc, which  conatitulea  the 
path  for  rcfipx  stimulslion  of  the  motor  fih(T«  of  the  tensor. 

Thai  increased  tension  of  the  tympanic  membrane  makes  it  less  srastlivc 
to  Rmjnd'VititatKiii*  can  Iw  readily  showii  by  clownn  the  mtmth  ;mij  nuMrils.  ard 
cither  mKVin£  a  fiirciblt-  cxpiratifni.  so  thal'iiir  is  forci-d  ihrouKh  the  Eustachian 
tube  into  the  tympanic  cavity,  and  the  tympanic  membrane  is  bulged  outvaid, 
or  by  making  Vi  ftirung  inspiraiiivn.  so  ibai  the  tympanic  membrane  is  dran-n 
inward  as  a  n-xult  of  rorvfactioii  vi  the  air  in  the  tympanic  cavit>-.  In  both  cases 
bearing  is  interfered  wiih  as  jonR  as  the  increased  tension  pemtts,  as  may  be  dis- 
tincilv  observed  on  listening  for  a  note  to  die  oiit. 

U  air  i&  blown  into  the  external  nuditorx-  canal  of  a  nonnal  individual,  by 
means  of  a  rubber  bag,  both  teiisonsof  the  tymiianumcfmlnict.and  in  oonscnuenct 
the  ear  ncji  hlown  into  liecumts  m-imcnlanly  hard  of  hearing  Johannes  Muller 
made  the  same  action  clear  by  means  of  the  following  experiment;  If  a  funnel, 
with  a  small  latcr&l  opening,  be  placed  in 
the  auclittiry  canal,  and  ihe  wide  end  be 
covered  vdia  a  tense  membrane,  hcarinK  i" 
less  acute  as  soon  as  tJic  membrane  is  made 
more  lenM.'  by  means  of  airaction-apparalus. 
In  other  words,  the  mtmbranc  cil  the  funnel 
rcpri'si-m«  a  second  tympanic  membrane, 
u-nieh  is  placed  in  front  of  the  ear. 

The  normal  mode  of  Ktimulation  of 
the  tensor  tympani  is.  as  has  been  said, 
reflex.  The  muscle  j»  not  directly  and 
solely  under  the  influence  nf  the  will. 
L.  Fick  explains  tbv  following  plienomenun 
as  an  asaociatcd  movement  of  Lttc  tensor: 
When  he  pressed  his  jaws  fimdy  lOKclhcr, 
he  beard  in  hi*  ear  a  high  petpiiiRinngiiis 
tone,  and  in  a  rni"llnr\'  tube,  placed  air- 
tight in  the  audit  nr\'  canal',  he  saw  a  drop  move 
quicklv  inward,  tiuring  this  experiment  an 
indiviaual  with  tiomtitl  acuiene-^x  of  hennng 
ijerceiveiarrinffTci-mnn  of  all  musical  tones, 

but  a  weakening  of  nil  high,  nonmusical  tones.  In  yawning,  with  great  stretch- 
ing of  the  muscles  of  the  face  and  jav\s,  v.  Hclmlioltz'and  PoUtzer  found  an  im- 
pairment fii  hearing  for  certain  tones,  whi^h  Londois  al&o  was  able  distinctly  to 
perceive  in  hinui-lf,  and  which  lie  was  more  inchned  to  ascriHiv  to  an  increased 
ftCti%'ity  tjf  the  stapedius. 

Hcnsen  found  that  the  tensor  t>Tnpnni  muscle  taltes  part  in  Ihe  act  of  hearing 
bv  mddon  niovenieiits.  and  nnt  by  tonic  contraction.  A\  the  commencement 
ol  Ihc  act  a  ctintraclt«>n  <»ccur8  thai  facilitatett  the  in-rrri'i'on  l)ecauK'  the  mrm- 
brane.  when  set  in  motion  by  the  muscle,  vibrates  more  readily  in  sympathy 
with  the  higher  tones  than  when  at  rest  On  exposinj;  the  tyrripanum  in  dogs 
ami  cat.f.  he  shvwcd  that  the  contraction  takes  place  only  at  the  commencement 
of  the  sound,  and  that  it  then  quickly  ceases,  ajthough  tnc  sound  may  continue. 

The  stapedius  muscle,  which  is  situated  within  the  pyramidal 
eminence,  und  is  insened  from  liehind  fnrw.ird  nn  the  head  of  the  stapes 
and  the  sesamoid  bone  of  Sylvius,  has  the  followinK  action:  by  pulHng 
on  the  head  of  the  stapes  (indicated  in  Fig.  JI4  by  the  small  curved 
aiTow)  it  places  the  bone  in  an  oblique  position,  so  tliat  the  posterior 
extremity  of  the  base  of  the  stapes  is  pressed  more  deeply  into  the  fenes- 
tra ovaJis.  and  the  anterior  extremity  is  displaced  outward.    The  stapes  is. 
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in  thisway.  more  linnly  fixed,  as  through  ilw  oblique  portion  mentioned 
the  liganicTitous  mass  inserted  around  the  edge  of  the  base  must  be 
more  strongly  stretched.  Hence,  the  action  of  the  muscle  prevents 
unduly  strong  impulses  communicated  by  the  incus  from  being  trans- 
mitted in  their  full  strength  to  the  endolymph.  The  nerve  is  derived 
from  the  facial. 

In  somp  pcrsims  the  staHCtliiw  nervt  is  iniuTVaicd  thrfiujjh  associaied  tnove- 
mcDl  by  (crciok  closure-  nf  tnc  r>x-lul5.  «  nimVilinj-  mrisr  bcinj^  hcxrd  nt  the  same 
time.  Loitiliiifl  was  able  to  o;iciCc  euch  innervation  through  nSxx  tnducnccs 
by  scratching  ^'ith  the  fingernail  directly  in  frwni  of  the  auditor>-  nit-atus;  Henjc 
•ccwmpliBhcd  the  sBftw  thinR  by  gently  atrokinR  the  outer  margin  (A  th<  orKii 
Til*  nerve  ittrrniH  to  he  susfc-plibU-  lo  roflex  irhtatitm  sUno  in  niftflv  cttr-jp*ticflls 
by  syrinRinR  the  tympiinic  cavity,  L'ndcr  these  rircumstancps  VoltMini  anil 
I'nIitKtr  (jliwr\'i;<l  contractions  of  the  auricle  as  associated  maxvinenis  and  Ziem 
blepharospasm 

Opinions  arc  Mill  much  divided  iis  to  the  action  of  the  sliiptdiux  In  the 
obliouc  jtiuitKin  of  the  stapts,  the  head  of  the  bone  fortes  the  longoroccis  of 
the  incuK,  and  with  it  ilie  mal]eu»  and  tympanic  incnnbrane,  outward.  Coniiv- 
qucntly  the  stapedius  bus  been  dtaijtnated  also  the  antaRonjst  of  tlie  tensor  Ijin- 
pani.  Politaer  observed  a.  decrease  of  the  prcssiiri-  in  the  lab^Tinth  on  irritatioin 
of  the  muscle.  According  lo  Toynhet  the  sT-tfudiii*  i*  suppoied  ro  rJ»ise  the  stapes 
out  of  the  fem-Btm  uvalis.  andmakeil  more  movable,  so  tnat 
li  will  vibrate  more  n-adily.  The  stapedius  would,  there- 
fore, be  the  true  list^-ning  muscle  of  thecar.  Htmle  Iwlievvd 
that  the  stapedius  is  more  conocmcd  in  fixing  tbc  stapes 
than  in  middng  it  movable,  and  that  it  acts  only  when 
there  is  dunger  of  &  violent  motion  being  tranxnutted  to 
the  stapes  (mm  the  malleus  throu^  the  incus  Landots 
agreed  with  this  vievr.  and  considered  the  orl>icularis 
palpebrarum  and  the  stapedius  aa  muacles  for  the  protee- 
tion  of  important  tente-apparatui.  Both  are  innervated 
Fio-  iM.— atiMdiu*  ^y  "^^  (aoal  nerve,  and  both  can  be  stimulated  rcflexly  by 

Huxle  (Hw) .  irritation   of   the    scnsorj'  nerves  in    the  vicinity  of   cKe 

sense-organ.  Strong  con'traeiion  of  the  orbicularis  induces 
associated  movement  of  titc  stapedius  Lucae,  who  demoo- 
slratcd  an  associaled  movement  of  the  stapedius  nith  powerful  movements  of  tbc 
facial  muscles,  for  cxainple  with  closure  of  the  lids  (in  association  with  which  a 
deep  entotie  sound  is  heard),  believes  that  the  muscle  effects  an  ucccmmodatioit 
of  the  tympanic  membrane  for  the  highest,  nonmusicol  tones  (j"**  •**  ^^^  tensor 
docs  for  musical  tones).  'ITiese  highest  tones  sound  louder,  therefore,  tn  this 
axperimctit . 

Pathological. — Immobility  of  the  ossicles  in  conseqttence  of  eieatridal  adhe- 
sion* of  iheir  ]omt.s  or  of  atilcylotec  cauteR  impairment  of  hearing  m  accordanc 
with  thp  degrt'-  <if  immobility.  Firm  adhesions  of  the  »tape«  within  the  Icnest 
ovalis  have  ihc  same  effect.  In  the  prt-scnce  of  contractures  of  the  tens 
lympani.  the  Icndun  of  this  muKle  ha.i  orcvsionally  liren  cut.  Paralysis  of  the 
tensuris  discuued  in  connection  with  the  otic  gangUon  (p.  6(11}  that  of  the  sta- 
pedius on  p.  6qS. 

EUSTACHIAN  TUBE.     TYMPAMC  CAVITY, 

The  Eustaeliian  tube,  which  is  4  cm.  long,  is  the  ventilatmg  tabe  for 
the  tympanic  cavity.  It  keeps  the  air  in  the  interior  of  the  cavity  of  the 
same  den.<;ity  as  the  outer  air  by  means  nf  the  communication  that  is 
established  between  the  two  in  the  pharynx  (Firs.  314,  jai).  The 
normKl  vibration  of  the  tx^mpanic  membrane  i&  possible  only  under  this 
conditiun.  The  tube  is  ordinarily  closed.  In  swallowing,  Itowevcr, 
the  canal  is  dilated  by  the  traction  of  the  fibers  of  the  tensor  of  tlie 
veil  of  the  pabtc  (sphcnosalpingo.^taphylinus  or  abductor  tuba;,  ordila- 
tBtor  tuba-)  upon  its  mcmbranocartila^iious  f>ortion,  into  which  they 
»re  inserted  (Pig.  325).     As  the  tube  is  closed,  the  vibrations  of  the 
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tympanic  membrane  can  be  transmitted  with  less  impairment  to  the 
ossicles  than  if  Ihc  tube  were  open  and  the  air  allowed  to  escape  through 
it  during  the  vibrations.  If,  however,  the  tympanum  were  iJemmnently 
closed,  the  air  within  it  would  soon  be  so  rarefied,  that  the  tympanic 
membrane  would  be  drawn  inward,  under  abnormal  tension,  and  hard- 
ness of  hearing  would  result.  The  tube  serves,  moreover,  as  a  drainage- 
canal  for  the  secretion  of  the  tympanic  cavity  by  means  of  the  ciliated 
epithelium. 

If.  after  dcstmciifin  nf  the  tj*mnaiiic  rai-ity,  Kaa  is  allowed  lo  stmini  into 
the  rar  of  a  nArcotizod  doc.  ihrougfi  th«  cxt«roaf  cniuO.  it  passes  thrxnigh  the 
lube  into  Ihf  tJiroat  only  wlji-n  Ih*  ten»or  lympani  contracts. 

The  lulu;  vpcns  its  vatvclikc  mecliaoism  mere  easily  in  the  directjon  of  the 
pharynx  thnn  in  the  opposjt*  direction  Thp  valve  is  placed  behind  the  orifice 
of  the  t«h«;  after  ench  opening  "f  the  inrtuth  nf  the  nilw  rtie  valve  is  ugnin  closed 
through  the  elasticity  of  the  tube-walls 

A  tumns-fnrk  held  ljt-*i)re  tlie  nostnld  is  heard  mure  slronEly  during  a  swalUiw* 
ing  mti^Tnr.'til.  brcauie  the  lulie  is  ojieTied.  (Ine's  own  voice  seem*  <li-«frnin|2 
at  the  moment  that  the  tube  is  opened  by  nn  influx  of  air,  and  the  voice  seems 
to  sound  aa  if  within  the  car.  Patulmisne&s  of  the  tube  as  a  result  oi  pathological 
conditiviiH  may  produce  a  similar  result — aHlnrphany:  'Dtv 
pulsation  of  the  vessels  and  the  respiratory  souudi  mv  then 
iilso  ttbnonnally  distinct. 

If  the  act  of  avi&Wuinng  ia  performed  slowly  in  the 
pharynx,  while  the  tensors  of  the  palate  ate  stretched,  a 
Kharp  hitxing,  or  loud  rrackhi;^  nUhv.  m  heard  disiinetly. 
This  sounds  much  like  the  noise  pixiduced  by  forcing 
saliva  beiwecn  the  incisor  teeth  by  pushing  the  tongue  for- 
ward when  the  mouth  ia  closed,  and  it  results  from  the 
separation  of  the  moistened  walls  of  the  xxihc  {nyrn  each 
«tlicr.  Ani^cr  person  can  hear  this  noise  by  applpng  bis 
ear,  or  by  ttsinjf  ai  stethoscope.  It  was  formerly  ihoucht  to 
he  n  craclcinjt  of  the  joints  of  the  oxaiclcs  thrAu;^  the 
action  of  the  tensor  tj-mpnni. 

In  Valsat^-a's  experiment  air  enters  the  tube  n;  soon  as 
the  air-pressure  ei]ual«  tjciween  10  and  40  mm.  of  mercurj". 
Under  such  cunditionK  ].jtml<jifi  hrartl  bntt  the  xame  uoim-, 
and  then  he  felt  suddenly  the  incrctiscd  icnsion  of  the 
tympanic  membrane  due  to  the  entrance  of  air  into  the 
tympanic  cavity.  Durini:  fmecd  inii[nraiion,  while  the 
mouth  and  nostrils  are  held  clo^d.  air  is  sucked  out,  and 
tinally  the  tympanic  nrtcmhranc  is  drawn  inward. 

The  elevator  nf  the  vpil  of  the  palate  fomiB  in  this  situation  the  levator- 
eushion  as  it  passes  under  the  floor  of  the  pharj-ngeal  orifice  of  the  lube  (Fig.  330). 
Consequently,  when  this  inuBclr  contracts,  and  its  belly  thickciii;  (to  the  com- 
mencement i>f  the  act  of  swallnwin^).  and  also  with  every  elevation  of  the  soft 
palate  during  inspiration,  the  lower  wall  of  the  phar^-ngcal  opening  is  forced 
upward,  and  the  Ujienin^  is  namiwcd,  Tlie  subnuqueni  contraction  ol  tlte  ten.-Kir 
<n  the  veil  of  the  paliilc.  in  the  further  course  of  the  .-ict  of  swallowing,  then  dilates 
the  tube.  {The  subject  is  further  discussed  with  the  act  of  ewallowitig.)  The 
result  18  that  by  tiuB  action  of  the  levator  the  tension  of  the  air  in  the  tympanum 
ifi  at  first  increased;  it  is  then  diminished  by  the  action  of  the  tensor,  as  may 
be  recofj-niKcd  under  favorabln  conditions  from  corretpondinin  movements  of  the 
tympanic  membrane. 

The  tympanic  cavity  forms  a  protective  chamber  for  the  auditory 
ossicles  and  their  muscles.  Its  air-capacity,  amplified  by  the  communi- 
cations with  the  mastoid  cells,  permits  free  oscillations  of  the  tympanic 
membrane, 

The  assumption  that  the  t>Tiipnniim  mrcnRthens  by  rt-sonance  the  stiund- 
vibrationa  that  strike  the  car,  for  the  purpose  of  delicate  hearing,  must  be  con- 
sidered erroneous.  That,  further,  the  air  of  the  ljTn|ianimi  can  transmit  vibra- 
tions to  the  membrane  of  the  feiu-stra  rotunda  must  be  admitted .  but  with  normal 
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hFBjinK  this  sJighi  conduction  is  of  but  little  sjgnifiouice  in  companaon  with  Uiat 
of  tbc  osciclcs. 

Th«  Eustachian  tube  uid  the  tympanum  have  a  common  mucous  membrane: 
the  parts  within  the  tjtnpanum  are  hntd  by  the  mucosa  The  epithetiuin  is 
composed  of  ciliated  colunmarcell^,  it  is  n<it  ctliuled  on  the  surface  ot  the  osncles 
and  the  promrntory.  'i'roltach  and  Wendt  found  rxecmose  mucmiti  ^ndc  in 
the  muc<'«s  Tncmbrane- 

PatbolOKlcal.— Among  the  diseases  ol  the  Eustachian  tube,  obatruction 
attendiii);  iTirnnic  catarrhal  conditions,  and  narrowing  from  ncart,  hy[>enrOfihy 
of  the  miicuvi*  memlinine  ur  i)rr)>)iure  by  tumom  may  be  mentioned'  The  im- 
pairment of  hearing  thus  produced  can  oflcr  be  corrected  by  catheicricing  the 
tube  thniuch  the  unrea.  EiIusion&  and  ciillectiona  of  pus  in  the  tymi>anuin  must. 
of  course,  disturb  the  iiunnul  functiiii  o{  all  the  nound-conductrnj;  parla  within 
the  tympanum.  lnl]amma,tor>*  procvMca  often  have  also  injurious  cScctfi  Upon 
the  Ivmpunic  iilcxws.  Moreover,  prtgressivt  destruction  of  the  temporal  bone 
by  carie*.  eommpncing  in  the  tympanic  cavity  may  finally  eause  fatal  inflam- 
mation of  the  (ifiKhlmnng  jmrri'mi  u(  the  brain! 

SOUKD-CONDUCTIOK  IN  THE  LABYRIHTH. 

The  oscillations  of  the  basal  plate  of  the  stapes  in  the  fenestra  ovalis 
of  the  v(^stibule  produce  waves  in  the  fiuid  of  the  lab>Tinth.  so-called 
flexion-waves,  thut  is tht- labyrinthine  fluid  moves  as  a  whole  before  each 
impulse  of  the  stapes.  This  yielding  of  the  fluid  is 
possible  only  because  in  one  place  a  flexible  mem- 
brane, the  membrane  of  the  fenestra  rotunda  (of  the 
cochlea)  or  secondary  tympanum,  which,  when  at 
rest,  projecla  into  the  seals  tympani.  can  be  forced 
outward  toward  the  tympanic  cavity  by  the  mo\*e- 
nient  of  the  stapes  (Fig.  314,  r).  These  waves  must 
correspond  in  number  and  intensity  to  tlic  move- 
ments of  the  auditor)'  ossicles,  and  must  also  excite 
the  terminations  of  the  auditor^'  nerve,  which  float 
free  in  the  fluid  of  the  labyrinth. 

As  both  the  cochlea  anterioriy  and  the  semicircular 
canals  poateriorly  communicate  with  the  saccules  of 
the  vestiliule,  the  fluid  of  which  first  receives  the  im- 
pulse of  the  vibrations,  the  movement  of  the  fluid  must 
be  propagated  through  tbesc  ranals.  In  the  cnrhlca  the  movement  passes 
upwaM  from  the  sacculus  (heniisphjericus)  through  the  scata  vestibuli 
to  the  apex  of  the  cochlea,  here  through  the  helicotrema  mto  the  scala 
tympani,  at  the  extremity  of  whiLli  tlie  membrane  of  the  fenestra  rotunda 
moves  outward.  In  a  similiar  manner  the  wave-motion  commencing 
in  the  utricle  (sacculus  hcmicllipticus)  paiiscs  along  through  the  semi- 
circular canals.  Thus.  Politzcr  saw  the  fluid  of  the  labyrinth  mount 
upward  into  the  superior  canal  (which  was  exposed)  when  he  caused 
contraction  of  the  tensor  tympani  by  stimulating  the  triK^rninus, 
which  must  force  the  base  of  the  stapes  against  the  labjTinthine  fluid, 
with  each  sound- vibration  of  the  tympanic  membrane. 

llensen  shon-cd  thai  a  membrane  that  is  set  in  motion  by  water  rxrreitea 
a  ttroRS  attraction.  Tlu»  aiiractiun  may  !>e  luuicetl  also  on  the  oval  in<-m)ir.ine 
of  the  labyrinth,  which  is  weiEhteil  tiy  the  base  »{  the  .ttapea;  the  fluid  must, 
consenucntly.  mow  toward  the  stapes,  and  then  anav  from  U  Otolittts  arc 
probably  als^i  under  the  inlluence  of  ttiis  attraction,  and  tlieit  mecbanival  action 
upon  the  enditifp  of  the  auditory  nerve  Ja  thus  clearly  explained. 


FiC.  JM-— EmiTtwl  Cnn- 
farmttiEn  "(  ibc  1^'' 

K'ntti;    Thr  mil  -in- 
1  leiditui  (Sin   iht- 

TCtfibult.  Ihf  <Cirh1ri. 
tht  suprrior  (/I,  i»iMC- 
rior  (i)  \fi<l  Snnnitiiil 

U)    KmicirntUr    ntui 


STRUCTUitE   or  THB   LABYRINTH. 


897 


STRUCTURE  OF  THE  LABYRINTH   AND  THE  TERMINATIONS 
OF  THE  AUDITORY  HERVE. 

The  vcnit>u]«  uf  the  lulivrinth  (Fig.  335.  Ill)  pos«'sgcs  two  Mrparatr  sacs: 
onr,  the  sacfuie  (satcmliti.  or  ^,  hiiHiff^urricHi.  S)  coramunicat^s  with  the  cochlear 
duct  (Cc)ol the  cocJilta:  the  other,  the  utricU  (tttriculm  or  iUi.cuius  hrtiiulHplicits. 
UJ  ctimmunicatcs  witli  ilw  amiirimilarcan&l&ICs.Cfi).  'I"hc  inU-riw  of  the  eochli-a, 
which  cmiRists  of  3  J  Npir»i  tunis.  is  dividifJinto  two  Conipiirtnii.tit8Uy  a  hv-niontiil 
»c)>t\iiii  (lamtna  »|jinilii  of.s<:a  cl  nicinlwaiiac«a> .  «hith  is  l>ony  inti-rnuUy  and 
inembranous  extcm«|]v  (Pig.  3*5.  I)-  The  Imvcr  ofwiipiirtment  is  the  scalA 
tvmpani;  it  is  Bcpftralea  from  tht  tympanic  «i\-ity  by  Thftncinbninctrf  the  (cni-sira 
rotunila.  The  wpjJtr  i't)m|inrtiTn-iit  jn  Che  auala  vesiibuli.  which  lesds  inu>  thf 
^'e«Ubu]«  uf  ihK  la^iyrinih  CKig  314)  Tlifse  two  jtoiwageii  are  in  direct  com- 
munication with  each  oih«r  through  a  small  oppninK  (hi-liioirnna)  at  liie  aixrx 
o(  the  cochlea  A  smaller  xj^atx  m  separaWMl  from  the  Hi>]icr  passa^  Ity  thi- 
(fhliquely  plaoi-d  mcmlirain.-  nf  RtiMnrr  (FiR.  31s.  1).  which  bndgi-s  over  ihc  lower 
uulir  ;mKlc  'ITiis  space  (ductus  wr  canalm  cuchk-Jiris.  Gc)  is  btiutidvd  btli-iw 
chiefly  Liy  the  laniina  Npitalin  inembranacca.  on  which  the  ors»"  ijf  Curti.  the 
tnd-orj;an  of  tht  cochlcsu-  nerve,  is  placed.  Tht-  lower  end  n(  the  cochlear  canal 
(III)  I*  blind  tiiul  fact-*  tht-  siiccuh-,  with  which  it  is  united  by  the  fin*  eanalie 
reunitfii  (Cr).     The  thwi-   sctnicifVulBr  canals  (Cb.  Cs)  cortinfiunicate  with  the 
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Fm.  JIS-— I.  CroM-vn^on  <il  ihc  cucMui  II.  A.  amnullii  'iih  ihc  it1«s  atunin;  a  t^  ■  hair-oU  utd  lit  tntetl*; 
T.  Mdilh*;  III,  ilUfmmniiiir  rctuvMiTtdon  <a  Ihc  hiimiin  lnh^rinih^  IV.  •^WriLminaut  npraetitatiuB  cI 
iIh-  Inliynmti  itl  ■  binj;   V,  diuirannnuic  iriDcwniaiiua  u(  Ih<  liliynntb  uf  a  fuh 

Utricle  CFig,  32$.  HI,  V),  Bnch  begins  in  an  nmpulla.  within  which  lie  the  UTraJna- 
tionii  of  the  itmpulluf  nc^^■cs;  white  ai  the  other  vxtrvniity  they  have  tmly  two 
<i]>cnin|;9.  ai>  the  postcriur  and  su]>t:noT  cunala  unite  »o  a.s  to  form  one  common 
canal.  A  membranous  lininf;  continues  from  the  utrick-  thnni^jh  Xhc  semicircular 
canah.  The  Hnijrid  prnh-mph.  which  is  present  »Un  in  both  cochlear  passaffcs, 
and  the  viscid  en<1olymph  tiU  the  entire  caiHtv  of  the  labj-rinth  All  of  thc*e 
compartniints  are  lined  by  low,  cyhnJncal  ejiitiivhum 

Only  ihow--  porhoiis  of  the  nysiem  of  cavitii-s  that  an-  liHi^l  with  cndolympl) 
ctmiain  the  m-rvoua  end-organ's  The  cochlea,  the  semicircular  canals,  and  tne 
ampuHn-  hcloni:  to  the  organs  -if  hearing,  Afler  exiirjtaiifm  of  tin-  cochlea 
OQ  each  tdilc  tlicre  is  Htill  a  dintincl  reaction  to  coarse  sounds.  The  ca^Ttles  ttf  the 
Ittbynnth  arc  all  in  communication  ii-ith  each  other,  the  rcmicircular  canals  directly 
with  the  utricle,  the  cochlear  duct  with  the  saccule  thruuL'Ii  the  caiislis  rcuuiens. 
Hinatly.the  "faceule  and  the  uiricle  c<«nmtinicate  Ihroujjh  tfic  endolymphatic  duct, 
which  arises  as  an  isolated  branch  from  each  «nc.  The  canal  thus  fonned  pasAc« 
throufth  the  oski-ohh  iic|tifHuet  of  the  vestibule,  to  end  Ijcncalh  the  dtini  in  im 
enflolym|ihatic  b;ic  on  ihe  poilerior  aspect  of  the  pelrotis  portion  of  the  temponU, 
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bone  (pig.  335,  lit,  R).  Another  small  canal,  the  aqueduct  of  the  cochlva,  is  m 
narrnw  pagsagc  that  Wgim  in  the  scala  tj-mpwii,  iu»l  in  front  of  th*  round 
window  and  t-mernt*  near  the  jugular  fus&a.  It  forme  x  commumcation  !«- 
twfttfi  thf  p(-fi lytniih  nf  the  cochlea  and  the  subarachnoid  e[Miec. 

StraictrcuUV  Csnals  and  Saccules. —Thi'  mcmbranouB  gnmcimilar  canals 
do  not  nil  tilt  cDiresfK-mdmH  .uij^uuB  oavitii-!;  cutJiplciely.  Imi  are  separaled  front 
the  wivlU  liy  n  nkthrr  vhiv  sjiacc.  which  is  lillr<l  with  the  {>rrt1yii]i>h-  On  the 
concave  margin  alone  Ihcy  arc  more  closely  attached  to  the  bone  hy  ccnncclife 
tissue.  The  ampulla:,  however.  Jill  the  Vjory  tavitics  coroplclcty.  Semicircular 
canals  and  su«:ulcn  conM.tt  nt  an  tniler  vjiMmtar  conncctivc-tiiitme  layer,  upcn 
which  lies  n  hyaloid  membrane,  bearing  a  single  layer  df  squamous  epitbclium. 
Tbe  vestibular  branch  of  the  auditory  nerve  sends  a  twig  to  each  ampulla  and  to 
the  fuiecnile  and  the  utricle.  In  the  ampull.T  (Fig.  ^if;.  II.  A)  the  nerve-Riding 
(c)  lies  on  a  ycilowiih,  equatorial  ledge,  which  projects  into  the  interior  <CTi«a 
acusiticai  The  tni'duliHlcd  ncn-'e-libcm  (nl,  pasetitg  throujth  gan^in.  form  a 
jilexiis  in  the  connect ivo-tis.*;iip  layer,  then  lose  iheir  sheaths  near  the  liasement 
meinbranu  and  end  l-iy  ineaiifi  of  telodcndntea  by  contact  in  the  charactchnic 
cells,  each   of  which  »  provided  with   an   immovable,  tigiil  briartlc  (o.  |i),  go  « 
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lcMi(,  aaA  wfaleh  ate  situated  on  the  erista;  between  them  are  indifferent  ej^lin- 
dricBl  etils  C^kalncelto,  a],  which  often  eootain  ^-t^llowi^h  ]>i}^i^nt- granules.  The 
bristles  or  awtitery  hahs  arc  composed  of  many  line  ti)>crK.  An  exceedingly 
delicate  membrane  (membrana  tectorial  covers  the  hairs.  The  nerve-endings 
in  the  maculK  acuMicx  of  Die  saccule  and  utricle  are  exactly  the  same  as  in  the 
ampulla:,  except  thai  the  free  surface  of  the  nicmbrana  tcctoria  ia  covered  with 
small  chalkj'-whiic  otoliths  (II.  T)  composed  of  cakium  CArbooatc.  These  arc 
partly  amorjilioiu.  and  partly  in  the  form  of  arragonitc.  n-ilh  a  minute  central 
nucleus,  uiid  they  lit  lixtd  in  the  lioniogciic.'us  membrane  of  the  <rtobtIi».  llcn.- 
also  the  nfiiiTnciuUnted  axiKcylmdirra;  of  the  saccular  nerves  eome  into  contact 
with  the  hair-cells,  thix>ugh  the  medium  of  telodcndrites. 

Cochlea. — Only  that  pc^-lion  of  the  cochlear  eaiml  or  duct  (Fig.  395,  l.Ce. 
and  III,  Tc,  and  t'ig.  jtf>)  that  ik  covered  by  the  membrane  lA  Reiwmer,  and 
whose  endolymph  surmundB  the  organ  of  Ciirti,  ctmtaimi  in  the  latter  the  end- 
organs  of  the  cochlear  nerve.  The  organ  of  Corti  lies  on  the  librous  lamina  cpirali* 
meml inuiarcu  (incinbrana  iMuularia)  and  consists  of  a  sufipnrtinK  i>tn>i-lun'  cntn- 
]>o5cd  of  the  so-caltcd  arches  of  Corti,  i-ach  uf  which  connMs  of  two  roda  of  Corti 
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i^i  which  arc  inclined  toward  each  other  and  m«et  above  like  the  beam*  in 
AwsOOf  of  a  house:  bul  ever^-  two  rodit  do  not  fnrm  un  arch,  tts  there  nrc  nlways 
three  inner  lu  two  uuter  Kids     There  Jirc  .'itxiut  4500  wuUt  rods, 

The  cochlear  duct  becomes  larRcr  toward  the  apex  of  the  eoclitea.  and  the  rods 
also  become  longer.  The  inner  onp  are  30  /'  lung  in  the  I'lrsi,  and  34  u  in  the 
upper  ninis;  the  outer  rods  rcsiiectivdy  47  '■  and  69  0.  LikcwHsc,  the  width  of 
the  archer  increases.  The  cylindrical  nair-<etls  (cHU  oi  Cnni),  ot«crvcd  by 
Corti,  of  which  th«rc  arc  from  16,400  to  ao.ooo,  »vrve  ha  Ihe  actual  end- 
oraans  of  the  cOch]c«r  nerve.  There  is  one  row  of  inner  cell*  (i)  which  rest  on 
a  fayer  cf  %mx\i  grtiauitLr  cells  (k);  the  oiiter  cells  (a  a)  ntimber  ti.aee  in  man. 
and  feat  upon  the  baswncnt  mfmlirane.  in  three  or  even  it)  four  rows.  The 
cells  are  directly  connected  by  filirous  processes  with  the  fibers  of  the  basilar 
msmbrane,  «0  tnat  each  celt  is  connected  with  two  or  llirve  libeni,  luid  must, 
therefore,  vibrate  in  umaoii  with  the  Uiitcr,  Between  the  <nitcr  hair-cells  there 
are  other  celhilar  stnicturrit,  which  arc  regarded  cither  as  special  cells  (Inciter's 
cells),  or  merely  as  processes  of  the  hair-cells.  Follnwing  the  outer  cells  of  Deiter 
come  the  cylindrical  cells  o(  Henle.  wliich  Kradually  pass  into  the  ordinary  t^* 
thclium  of  the  cochlear  duct. 

The  fibers  of  the  cochlear  nerve  (N)  emerge  from  the  bony  spiral  lamina, 
and.  after  passing  through  the  intercalated  ganpli<>n-ce!Is,  (Pig.  315.  I,  G)  end 
by  line  vancose  nbrils  on  the  hair-celts,  with  which  their  telodeiulrites  are  in 
contact  (Fig.  jsO).  The  hristlcs  of  the  hair-cells  consist  in  vertebrates  of  closely 
massed  fine  fibrils. 

The  arches  of  Corti  and  tbc  hair-cclla  arc  covered  by  u  spn-ial  mvmljrane 
(o.  reticular  membrane),  through  openings  in  which  project  the  vipper  extremities 
of  the  hair-cells  with  the  hairs.  This  membrane  consists  of  ccmcni -subs lance 
holding  these  parts  to^cth<:r.  Mention  should  be  made  finally  of  the  soft  mejji- 
brane  of  Corti,  which  is  compamtively  thick,  and  extends  from  above  outward 
over  the  organ  of  Corti.  Waldej'cr  regards  tliis  as  a  damping  apparatus  for  th« 
organ  of  Corti . 

The  fluid  within  the  labyrinth  also  is  under  a  constant  pressure — the 
intralaliyrinthine  pressure.  Every  diminution  in  the  pressure  of  the 
air  in  the  middle  ear  is  accompanied  by  a  temporarj*  diminution  in  the 
intralabyrinthine  pressure,  while,  conversely,  every  increase  in  air- 
pressure  is  accompanied  Ity  an  incrense  in  the  intralabyrinthine  pressure. 

The  periljinph  of  the  internal  ear  flows  chiefly  through  the  aqueduct 
of  the  cochlea  within  the  jugular  foramen  into  the  peripheral  lymphatic 
system,  which  also  takes  up  the  cerebrospinal  fluid  of  the  subarachnoid 
space,  while  a  small  portion  passes  through  the  internal  auditory  meatus 
to  the  subdural  space. 


QUALITY  OF  AODITORY  PERCEPTIONS. 
PERCEPTIOH  OF  THE  PITCH  AHD  IHTEHSITY  OP  TOHES. 

Every  normal  ear  is  able  to  recognize  musical  tones  and  noises  as 
such,  and  to  distinguish  between  them.  Physical  experiments  have 
proved  that  musical  tones  are  produced  when  a  Wbrating,  clastic  body 
executes  a  periodic  movement,  that  is  a  movement  that  is  exactly 
reproduced  at  equal  intervals  of  time,  as  in  the  vibration  of  .-i  twanged 
cord.  A  noise  is  produced  when  the  vibrating  object  executes  nonperi- 
odic  movements,  that  is,  when  unequal  movements  occur  at  equal  time- 
intervals.  This  is  readily  proved  by  means  of  the  siren.  If  there  be 
on  tlie  circular  disc  of  this  instrument  a  number  of  holes,  for  example 
forty,  arranged  in  a  circle  and  placed  exactly  the  same  distance  from 
each  other,  and  if,  on  rotating  the  disc,  a  current  of  air  is  blown  against 
it,  the  air  will  be  alternately  rarefied  and  compressed  exactly  40  times 
with  every  revolution,  and  even.'  two  rarefactions  and  condensations 
will  be  separated  from  each  other  by  an  equal  interval  of  time.     This 
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nrrangement  produces  a  chsracteristic  musical  tone.  If,  however, 
boles  arc  made  in  anuthcr  circle  of  the  same  disc  perforated  at  unequal 
distances  apart,  the  current  of  air  directed  against  the  disc  gives  rise 
lo  a  wliirrinj;,  rushing  nonmusical  noise,  because  the  movements  of  the 
sounding  body,  the  condensations  and  rarefactions  of  the  air,  are  non- 
periodic. 

Ever\' sound  must  last  a  certain  length  of  time  in  order  to  be  heard  by 
the  ear  (the  feeblest  sound  at  least  two  seconds);  on  the  other  hand,  after 
a  sound  te  once  heard,  the  stimulation  of  the  ear  persists  for  some  time. 
Hence,  when  sounds  recur  at  short  intervals,  no  intermission  can  be 
detected . 

The  norma!  ear  distinguishes  in  evetj'  tone  three  distinct  qualities: 

I.  The  lulensily  oj  She  lotu-. — This  dcpcnd.s  upon  the  amplitude  of 
the  vibrations  of  the  sounding  body.  It  is  well  known  that  a  gradually 
weaker  and  weaker  sounding  string  exhibits  correspondingly  smaller 
amplitude  of  vibration.  The  intensity  of  a  sound  corresponds  to  the 
degree  of  illumination  or  brightness  in  vision. 

a.  The  Pikk  of  the  Tone. — This  depends  upon  the  number  of  \-ibra- 
tions  that  occur  in  a  given  unit  of  time,  This  also  is  demonstrated  b\- 
means  of  the  siren.  If  the  rotating  disc  liave  a  series  of  40  holes,  and 
another  of  80  holes,  at  equal  intervals,  on  blowing  a  current  of  air 
against  the  rotating  disc,  two  sounds  of  une<)ual  pitch  will  be  heard, 
one  being  an  octave  above  the  other  The  perception  of  pitch  cor- 
responds to  the  sensation  of  color  in  vision. 

3,  Thf  ijtitilily  or  lintbri'  of  the  tone,  which  is  peculiar  to  different 
sonorous  bodies.  As  will  appear  later,  this  depends  upon  the  peculiar 
form  of  the  vibration  of  the  sonorous  body.  There  is  no  analogous 
sensation  in  the  case  of  light. 

Perception  of  Pitch. — ThTuujjli  the  NcniH.-  of  hrimnv,  it  is  Irurncd  thnl  didcrmt 
tones  hnvc  a  iliflcrcm  pitch.  In  This  connection  the  cBtaHlishcd  dilTen-nce  in 
th*  pitch  of  the  roics  of  the  so-called  musical  scale  or  gamut  is  ch.iracienaticJilly 
diittincl  to  ihr  luiinia]  car  In  addiliitn.  there  Ate  four  tones  in  tho  mcale  that. 
when  »>undril  loxeihcT.  cause,  in  the-  normal  car.  the  sensation  of  plcasinK  Mwnd; 
and  ihat.  whtn  onct  rtcogni/cd.  may  be  easily  reproduced  always  with  charac- 
tcri.Mit:  diffctvncc  in  pitch.  Thtjc  are  the  lunts  ul  tht  t«<i-call«J  accord  i>r  major 
(hcni,  consiKtini;  oi  the  first,  lliirtl.  and  fifth  tone*  of  the  khIc.  lo  which  the  L-tghth 
lon«  (IT  octnvc  is  nddcd.  H  is  ncccssfir^'  t"  determine  hrgt  tbcpitch  of  the  tonc< 
of  the  accord,  and  then  that  of  the  other  tones  o(  the  scalv.  The  sin-n  M-rvcd  Idr 
the  dctermmaiion  of  the  finst,  and  from  this  the  ethem  can  ea^ly  b*  calculated. 
Pour  cunctrntric  circles  are  dravni  upcm  ihr  dice  *A  Uic  uren,  the  inner  onr  contain- 
ing 40  h(>lFt>.  Ihr  secnnH  jo.  the  third  do.  and  the  outer  nnc  So.  all  i>f  the  holes 
being  at  an  equal  distance  from  one  anoiliLT  If  ihe  disc  be  rniatcd,  and  a  curreni 
of  air  be  (orced  aifitiusl  each  wric.'v  uf  links  in  mm.  there  will  be  lu-ard  sm.c«'«avcly 
the  four  lonf s  of  ihe  iurciird  (major  chonll .  Whiii  ihi-  entire  fiiiir  M-rica  arc  blown 
Upon  simultonctntsly.  the  mnjor  chord  is  pruduced  in  complete  purity.  The 
relative  number  of  the  holes  in  the  f<'ur  scries  indicates,  in  tiie  rimiJlest  manner. 
th«  relativt  pitch  of  th*  tfnies  of  the  major  chord  While  40  condi-nsaiions  aDd 
rarefactionu  n(  the  atr  in  each  revdlutinn  are  necoMnry  to  produce  the  (xindn mental 
tone.  d<nib!e  thin  niimber  in  the  »ime  time  (nne  revtilulion)  arc  ivquirvd  to  pwv 
ducc  the  octaVL-  Hence,  ihi'  relation  of  the  number  of  vibrationK  of  Ihe  ftintSo- 
mental  tone  <ir  kcyniHe  to  the  octave  next  above  it  i«  t  :  3  In  th*  second  i«hr« 
there  arc  50  hnU-s,  which  prtwhicf  the  pitch  of  ihr  ihirtl  Therefore,  tlw  rvlaiion  cH 
the  fundamental  lone  10  the  third  in  this  case  is  40  :  jo  or  1  :  i\  —  |:  that  ia  lor 
every  vibration  of  tlie  fundamental  tone  there  are  J  vibration  in  the  third  la 
the  third  serieft  there  are  60  hole»,  which,  when  blown  upon  pruilttce  the  fiflh- 
Hence,  the  ratio  of  the  fundamental  tone  to  the  hfth  in  the  diK  is  40  ;  60.  or 
'  ■  '1  ~  f-  'Ji  this  wftv  The  pitch  of  the  fotir  ton«-s  of  the  major  chord  it  d«icj^ 
mined  experi  mem  tall}-:  it  is  found  that  the  number  of  vibrations  <■{  Uie  itm,  ttitp4. 
lifth.  ancf  octave  are  to  each  other  as  i  :  {:   J  :  3. 
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Thf  minor  ekord  U  just  aa  agreeable  to  thf  normal  car  as  the  major, 
from  which  it  differs  in  tha  (a«t  thnt  its  third  is  n  half-tone  lower  It  may  be 
ri'«(Hly  shtiwii  by  the  »r<^  that  thr  nun;''  /Jiini  is  priHhitH'iI  liy  a  nttmlwr  t'(  vi'lim- 
ttont  that  bavr  Ihr  relation  of  0  :  5  to  the  fundamental  tone:  that  is  if  5  \'ihra- 
tions  occur  in  a  given  lime  in  the  fundamental  lont,  then  0  occur  in  the  minor 
third;    and  itn  vtliraiiim  number  is.  thcn-fniv.  ]. 

Firmi  these  relations  of  the  major  and  minor  chortbt,  the  relations  of  other 
agreeable  tonct  in  the  Kale  niay  rcadtly  he  ealculaled,  and  it  must  Ix-  remetnbt-rcd 
that  the  (KTtave  of  a  time  alwayi  vielda  the  £ulIi-M  uiid  iiitist  (ruiii;ili'ie  harmony. 
It  is  evident  that  if  the  major  third,  the  minor  third,  and  the  fifth  hiirmonixe 
with  the  fundamental  tone,  nr  kejTote,  thPV  must  ,ilir>  harmoniK"  with  its  octave. 
Hence,  from  the  major  third,  with  the  Wbration- ratio  \.  there  is  obtained  the 
minor  aixlh  -•  \.  from  the  minor  third,  with  (,  the  major  sixth  —  (/)  ~)  \'. 
from  the  fifth,  with  t,  the  fourth  —  J.  Thin  process  is  known  a«  the  mivriton 
u/  thf  initrvali.  Th«ue  tone -relations  are.  coUectivcly,  the  consonant  iniervala 
of  the  scale. 

The  lU^iiinaiU  inten-als  of  the  .stale  may  lie  estimated  fr«jm  thetic  ciinscaiant 
relaiifinsi  ;is  fwUows;  Tlirri"  are  WtiowTi  the  fundamental  tone  C,  with  the  vlhra- 
tionnumber  i.  ibc  third  E  -  J.  the  hith  G  -  J,  the  octave  C  -  a.  From 
the  fifth,  or  dominant,  G  there  i«  constructed  a  n^ajo^  chord ;  lhi»  isG.  B,  D'.  The 
^•i  brat  ion -ratio  of  these  three  tones  is  evidently  the  name  as  in  the  major  chord 
C.E.C.  Hence,  the  numtier  of  vibration;;  of  G ':  B.ixa^that  ofC  :  £.  Su)>¥litut' 
ing  the  values  in  this  c<iuation.  we  have  |:  B  -^  t  :  (,  so  that  B  —  V  Further, 
I>" :  B  -  G  :  E;  therefore.  D  :  V  -  J  :  J,  or  D'  -  V.  or  I)  an  octave  lower 
■  |.  If  a  major  chord  is  conttnictea  upon  P  (sutxlominant) ,  that  \t,  F.  A.  C*. 
the  relation  of  A  :  C  -  E  :  G:  or  A  ;  »  =  J  ;  ),  and  A  -  J,  Finally.  F  ;  A 
=  C:E:  orP;t  =  i;J.  and  F  -  J.  Conscquenilv,  all  the  tones  of  the  scale 
have  the  following  vibrauon-ratloa ;  I,  C  -  i.  II.  D  =  i.  111.  E  -  t.  IV. 
F  _  ^;    V.  G  -  %.   VI.  A  -  I;    VIl.  B  -  >/;   VUI,  C  -  3. 

Stnci?  tSi&S  '^  ^"^  hccn  agreed  to  enIL  a  tone  of  .(tc  vibrations  per  cecond 
a  The  previous  agreement  was  440  vibrations  for  a  rmm  this  the  absolute 
numher  of  vibrations  for  the  tones  of  the  scale  is  estimated,  using  the  foregoing 
vibration-ratios :  C  —  3J  vibrations.  1)  —  3?  'ss:  K  —  1'  S5;  F  —  AA- 
G  •■  49.5:  A  —  ji;;  B  —  01.87s  The  number  01  vibrations  of  the  tones  of  the 
octave  above  are  foutid  l)>'  inulti plying  these  figures  by  j 

The  lowc.tl  miles  used  in  music  are:  douhle-biuMi  K,  with  41  »5  vibrations; 
piano  C  with  .i,i;  grand  )HBno  A'  with  17  5.  and  orgafi  C  with  16  s.  The  highest 
notes  in  muaic  arc  the  piano  c^.  w-ilh  4124  vibrations,  and  d**  on  tJie  piccolo-nuto, 
witli  4751   vibralioiiB  in  the  second. 

The  limits  of  audible  sottnds  lie  between  16  and  aj  vibrations  per 
secxjnd,  on  the  one  hand,  and  30,480— e*"— (at  the  most  a"')  on  the 
other:  they  embrace  about  loj  octaves.  These  boundaries,  however, 
depend  a  good  deal  upon  the  intensity  of  the  tone.  Fewer  vibrations  than 
16  in  the  second  (organ-tones)  are  not  heard  as  tones,  but  as  separate, 
rumbling  impulses.  Beyond  the  highest  tnncs.  produced  by  stroking 
small  tuning-forks,  or  by  metallic  rods,  hamnonica-tongues,  or  sniall 
whistles,  the  ear  likcwiM;  no  longer  appreciates  the  vibrations  as  tones, 
but  these  cause  instead  a  piercing,  painful  impression  upon  the  ear. 
The  highest  tones,  which  the  ear  is  no  longer  capable  of  appreciating, 
still  affect  the  sensitive  dame. 

The  power  of  hearing  high  notes  deereases  with  advancing  age  about  ]  an 
octave.  In  rare  caiwK  lone*  of  33,000  vibrations  can  be  perceived,  During 
contractiiin  of  the  teni:rir  tympani,  tones  of  from  3000  to  .sooo  vibrations  higher 
may  be  heard,  but  rarely  more  According  to  Lucae  there  are  among  normal 
indLVjdualii.  and  espt'cially  lunong  theme  hard  of  hearing,  Kornc  whose  rixn  are 
Itclter  adapted  for  neanng  deep  tones,  others  for  hi'aring  high  tones,  lie  calls 
them  dccp-hcaring  or  high-hearing  pcfw>ns  respectively.  Both  conditions  are 
disadvantageous  for  the  normal  i>eree]ition  of  st«.H.*cli.  The  dcep-hi-ariiig  indivtd- 
ual.t  heir  the  high  consonants  imperfectly,  for  example  ch  in  "Kirclic";  while 
the  high-hearing  individuals  hear  the  deep  comtonants  indistinctly,  for  example 
ch  in  ".XMrh  "     IJiminished  tenirion  of  the  soijnd-ctwiducting  apparatus  decreases 
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tlw  paccpttaa  far  Uf^  tones.     Abnonnal  p<nm-  of  heanar  low  Uns  s 
■Im  m  caoc*  t4  rhctmuttc  facta]  psislTva.  that  for  besnay  ■ 
•Iwence  «f  the  tyin]>an>c  membrane.  Ibc  maUena  aad  tlw  is 
M  aaid  to  fH'iMrM  tlw:  pcTcr  c/f  mjUong  tbc  faighrct  htgh  tme 
vthnti/x)*;    f^^t^ptjbfa    at    Ih*  cxpcAM   Of  the  k«r    O0««. 
Incfeurd  ^arc«[i«ifio  iat  bigb  tones  u  [dbim]  to  exmjateaoa  WTtb  ai^ 
pr&dudflg  taernaed  Itfiiin  ol  the  M)iti>d-«oa<StictiBf  Tfr**'** 

Uthaeyc  bem^'or"!  with  tbc  nr.  it  urvidERt  that  the  ««r  mathr  oBtsda 
Uw  eye  ID  Jta  nu>i.  :<tion     Aa  ihc  ml  ol  tbc  ■pcctruni  nakci  abwi  4j* 

UlUooa  of  vibratii.':  rcund .  and  the  nsible  violet  only  667  Mlinaa.  the  kjk 

can  Xaikm  oofp>>c*nc«  oul>  of  ^-itfTatttIlls  of  tbc  other  that  aic  toe  than  i  acsar* 
from  each  other  <(luuUc  number  of  vibratioiu) , 

How  many  vibrations  irrast  follow  sticcesstvely  for  the  ear  to  reccit'e 
ttM  unprCMion  of  a  tone  ?  Two  are  sufficient  in  the  cam  of  low  tones  up 
Ui  jt6S  vibrations,  5  for  a  tone  of  6000,  10  for  one  of  7040  per  secona. 
30  for  all  tones.  When  tones  follow  one  another  in  rapid  sacctSBoa, 
they  are  hear<J  a.i  separate  tones  if  there  is  an  interval  of  at  least  e.t 
Moond  betwet-n  them;  if  the  interval  is  less,  tones  become  fused,  b1- 
thotigh  for  mnny  mutical  tones  a  shorter  inter\'al  is  rafiicient. 

A  pcnton  is  said  to  have  an  "  accurate  ear"  wbo  is  able  to  distlns^uish  a 
diflerence  in  the  pitch  of  two  tones  of  nearly  the  same  number  of  vibra- 
tions. This  power  can  be  greatly  increased  by  practice,  so  that  musi- 
cians can  distinnui-th  tones  that  have  only  a  difference  of  pitch  of  ^Jg 
trr  even  j^,  of  their  number  of  vibrations.  It  i*  eastier  to  determine 
diflereaccfl  in  pitch  from  the  purity  of  musical  intervals  than  when 
tones  are  almost  in  unison. 

With  reference  to  the  time-sense  of  the  ear,  it  should  be  remarked 
that  time  is  appreciated  with  greater  precision  by  the  ear  than  by  any 
other  Hcn&e-organ. 

Pathological. — Kany  normat  persons  are  taid  to  hear  Ili«  tame  tone  biehrr 
irith  (mo  rAr  tlinn  with  Ihr  others  v.  Wittich  found  that,  durirg  an  ettaek  of  is- 
flammntiun  o(  the  oar.  he  heard  a  tone  a  half-note  lugher  ■'iih  ooe  ear  than  with 
the  ottiLT.  SpntitiiiK  even  a  minor  third  higher.  In  a  ca»e  seen  by  Moos.  t)ie  deep 
tones  were  hran)  nuivihird  of  a  tone  tw)  high,  the  high  ones  too  low  Prrhaps  the 
causoof  the  umlatcrBlhfighlcningof  lone-pcrccptiona&»Dciatcd*nih  cbii  conaition, 
which  liiu  been  dcKignuted  binaural  dipiacums,  conftista  in  an  abnormal  chanjt* 
in  those  portions  of  tlie  Inhyrinth  that  are  set  in  sympathetic  vibration  The 
condition  dMlpiated  nir>n«ura.!  diplacumit,  in  which  a  nutc  sounded  in  on*  «ar 
i*  perceived  as  two  notes,  is  rare.  It  is  due  to  the  irritation  of  the  cinnems 
firoduring  the  second  tone  in  addition  to  those  produdnji  the  first  tone.  In 
rare  canes,  Niid<l«n  loss  of  the  perceptiun  of  certain  tones  has  been  obner^ecl.  for 
oxMmple  biiti-dntfness;  in  a  case  described  by  Ha^us,  th»  tooec  from  d'  toh' 
were  not  ht-nrd. 

PtrceptioD  of  Intensity.— With  rcs[ieri  to  the  intensiiy  of  the  lone  it  has 
been  cnCuVlinhnl  thai  it  is  dc|ien(lcnt  upnn  the  amplitude  of  the  vibraticvis  of 
the  Rotindintj  )K>dy.  The  intensity  of  the  tone  is  proportiooal  to  the  square  of 
the  nmplitudc  of  the  vitfratMNis,  ci^uuriuently,  with  an  amplitude  multtphed 
).  J.  or  4  timeH.  the  inti-niity  of  the  tone  i»  4,  0.  i&  times  as  great  As  the  sound- 
vibration*  arc  trnn*initlc-d  tn  the  ear  hy  the  wavc-mfivcment*  of  the  air,  it  is  evi- 
dent  that,  Jiii.t  as  itic  U3vr«  in  waler  bt-come  progressively  gmaller  and  smaller 
H'ith  the  dittance  from  tlii'ir  point  of  origin,  unlit  they  fmally  disappear,  so  also 
the  intensity  of  the  sound  climiniKhnt  with  the  distance  of  the  loundine  bc^ly 
from  the  rw.  and  Iinjilly  it  must  brcumc  leio.  The  sound -in  tensities,  however, 
are  not  exartly  im  the  tnvenK  ratios  of  the  squares  of  the  distances  from  the  ear 
Iv  t'  ■    ' .  '    '  I,      '      liiicnHity  ditnini.thes  slowly  near  the  source 

of  '  'li»lancv  increases.     The  car  is  little  tcn- 

sii '  .  ,  . ;  L , . . .  I  iiccs  can  be  distinguished,  if  the  intensttias 

ar<  loo. 

<r  the  sound-intensity  that  is  necessary'  to  stimuUtc 
th-  ing  tnethods  may  he  imrsucd:    (1)  A  feeble  source  of  aoond. 
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such  as  a  tickinf;  watch,  !■  placed  horiximifilly  at  a  iliittAncc  frum  the  ear.  and, 
by  bringing  it  closer  and  removing  it  further  away,  liic  most  rcmot«  point  is 
dtlenninetrat  which  the  ticking  can  lie  heard.  The  distance  ia  determined  by 
mcusurcmvnt.  (>)  Itanl  tuei  u  smult  hammer.  Dusi^vudcd  like  u  peudulum, 
which  strikes  on  a  hard  surface  wbm  allowcii  to  fall.  The  sound  is  increased 
4'told,  Q-Iold.and  t6-(old  when  the  angle  of  clpvation  i«  1,  3,  or  4  lim<^  a«  great. 
although  this  is  true  only  when  Che  tlevation  doca  not  exceed  60,  (3)  In  a  similar 
manupr,  lialls  »>f  dilfervnt  weight  may  he  drojiped  from  different  heights  00  a 
Bounding-plate.  In  this  caw  Tlic  wnind-inlrtwiiir*  art  prdimrtiiijiiil  Xi>  the  ijro- 
duct  o(  the  weight  of  the  ball  by  the  heiitht  of  lh«  fall,  (4)  If  a  tuninj-'forlt  ia 
pcrraiittcd  to  ftuund  Iwfore  the  ear.  always  with  the  same  amplitude  of  vibra- 
tion, a  niimial  car  hears  the-  ntrte  kmKer  than  a  diiiULHcd  ear. 

It  hAs  been  determined  with  respect  to  the  limits  of  barely  appreciable  tonv- 
uiticn  that  a  curk  adhere,  wciuning  i  milligram,  foUing  from  a  height  of  i 

<m  a  K^ass  plate,  mav  Iw  hcanl  at  a  distaaci.'  of  5  cm,     There  are.  however. 

individual  vanalions,  and  alst.  ditli-rcncvn  t«  acuitv  between  the  two  car^  ot  the 
same  p«rson.  T6pler  and  Boltamann  e«imat«  iW  amplitude  iif  vilirutiun  o( 
the  air-particles  that  are  capable  of  setting  the  tympanic  membrane  in  \-ibratian 
so  thai  an  .auditory  tenxaUon  remiKit  nt  equal  to  only  0.00004  mm..  Kayleigh 
estimates  it  as  <jn]y  o.aooooi  mm.  Direct  tiliscrvatiim  uf  movements  so  inmute 
woidd  exceed  the  limits  of  the  best  microscope,  through  which  it  is  po.-wible  to 
recosnise  objvcia  not  sniaUcr  than  0000117  nim  '"  diameter.  The  author's 
brother  made  the  discovert'  that  animals  make  Kuundsi  that,  en  account  uf  their 
weakness,  cannot  be  heard  bv  human  cars.  Thus,  some  capricom  beetles  (Cer- 
anibj-x)  produce  shrill  tones  by  rubbine  a  grooved  plate  on  the  neck  against  th<- 
sharp  edge  of  the  cliest.  For  example,  Cracilia  pygmacca  produces  the  mne 
f",  with  141J  vibrations,  which  cannot  lie  b^ard  becauic  of  its  weakness. 
[The  numlH-r  of  vibrations  <s)  of  the  tone  is  estimated  from  the  Iwi^i  (1)  of  the 
rubbiJng  plate  of  the  insect  in  mm.,  the  niunber  i>f  grooves  <b>  to  each  mm  .  and 
the  lime  of  the  rubbing  motion:  s  =  (1 .  n)  ;  i  ]  Larger  capricom  beetles  produce 
sounds  that  can  be  heard. 
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By  ttJKt^qualily  or  limhff  in  mi-ant  a  sin'cJui  prumrrty  <'f  tones,  by  mranis  of 
which  they  may  be  distingnisht'd  independently  of  iheir  pitch  ami  iniensity. 
For  example,  a  flute,  a  horn,  a  violin,  and  a  human  voice  may  pj-oduce  ilie  same 
note  with  equal  inlmsity.  and  yet  each  iii  immfdialely  recoKU'wd  by  ilg  quality 
or  tinibrc.  What  constitutes  the  quality.'  Investigations,  especially  those 
of  V.  Helmholti.  have  shown  that  of  all  the  sound- producing  instruments,  only 
the  metal  rod  faalened  at  one  end  aiid  «win)in"K  t<>  and  (ro  like  a  inrndulum.  and 
the  tuninjj-tofk.  produce  simple  oscillatory  and  continuous  vibrations  Thia 
may  be  shown  by  fnstening  a  hne  point  to  one  branch  of  a  tunjnjj-fork.  and 
registering  its  movements  on  a  moving  strip  of  smoked  paper,  on  which  there  will 
appear  then  perfectly  uniform  wave-lines,  with  e<iunl  elevatitms  and  dcpre:UBon8. 
Only  lh(j«e  sounds  that  are  prudueed  by  such  simple  oscillatory  vibrations  ar« 
called  "tones," 

Further  investigations  have  shown  that  the  tones  of  all  musical  instruments 
and  of  the  human  voice,  all  uf  which  have  a  characteristic  qiudity.  are  ecniipoBed 
of  many  individual  Biin]ile  tones.  Of  thrsc.  there  is  one  inat  is  especially  con- 
spicuous by  reason  of  its  intensity,  and  wliich  at  the  same  time  determines  the 
pitch  of  the  whole  composite  "t<jn«-picture,"  Tliis  is  known  as  the  fu^daiKctlcl 
luMf  or  keynote.  The  other,  weaker  tones,  which  are  added  to  this  (undamcntal 
tone  or  keynote  vary  in  number  and  intensity  for  the  dificrcnt  instruments. 
They  are  called  ovtrtonts.  Their  rale  of  vibration  is  always  i.  3,  4.  or  5  times  that 
of  the  fundamental  tone.  In  general,  it  may  be  said  that  ail  Uiose  musical  tones 
that  possess  nuinerouK  strring  uvcrtuties,  especially  high  ones,  have  a  sharp,  cut' 
ting.  rmiKh  quality  (for  example  Irumpct,  clarionet),  and.  on  the  contrary',  tones 
witn  few  and  weak,  and  esjjccially  deep  overtones  are  peculiarly  soft,  and  mitd 
(for  example  flute).  Onlya  trained,  musical  ear  is  able,  without  a.t5isiance,  to 
detect  the  overtones  present  in  a  given  note,  in  addition  to  the  fundamental 
tone.  This  it  eaxily  done,  however,  with  the  aid  of  so-called  resonators.  These 
arc  funnel-shaped  hollow  receivtrs  connected  '•-ith  the  external  auditorj-  canal 
by  means  of  a  short  tube.  They  are  so  attuned  that  each  succeedvng  resonator 
■f  ocsenes  as  iu  fundamental  tono  that  of  the  next  fallowing  mtdtipk?  of  tho  fint. 
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Analysis  of  the  Vowels. — The  human  larynx  represents  a  wind-instru- 
ment, with  vibrating,  elastic  ree<ls  (x-ocal  bands).  In  pruducinjj  llie 
various  vowcU.  the  mouth  assumes  a  characteristic  form,  so  that  its 
cavity  sustains  a  definite  fundamental  tone,  which  is  produced  when 
the  air  passes  into  it  from  the  larynx.  In  this  manner  certain  over- 
tones are  added  to  the  fundamental  lone  produced  by  the  larynx,  and 
they  give  to  the  voice  the  votal  quality.  The  vowel-sound,  thcrcfure, 
is  the  timbre  of  a  musical  sound  produced  by  the  larynx.  The  timbre 
depends  upon  the  number,  strength  and  pitch  of  the  overtones,  and  the 
latter  depend  upon  the  configuration  of  the  vocal-cavity  in  producing 
the  various  vowels. 

If  the  different  vowels  are  suric  i^t-  after  tht  other  in  &  definite  pitch ,  for  e\- 
ample  h.  it  can  Ijc  deU-miinec!  With  the  aid  <>(  t!n-  rcs-m.-itors  what  overtimes  uri^ 
adaed  tn  the  fundammtal  timv,  ami  in  what  strength,  According  to  v,  Hrlm- 
holtx.  if  the  note  b  is  sung,  there  is  one  characteristic  overtone  of  dehnite.  absolute 
pitch  fiw  three  vowels,  naiiwly  h"  lor  A .  b'  fur  O.  anil  (  Uit  U  The  crther  vowels 
(and.  in  ttrrman.  the  mndilied  vrmi-ls)  have  each  two  csiJccially  tharacttn.slie 
ovenoncs.  because  the  oral  cavity  is  so  shaped,  while  producing  them,  that  there 
is  a  fuixtamcniiii  Kine  both  for  the  posieri^ir,  iiitire  capaeitms  jHirimn,  and  for  the 
nnteritir.  narrow  portion  (I  tmA  E.  ji  6i»)  ActcTilin^c  t"  ^'  Ilelmhnlu  lhe!*c 
two  overtones  are  for  E,  b'"  and  P  :  for  [  d'*  and  f;  for  A  s'"  and  d"  for  O. 
ci«"',  and  f;  f«r  V  g}"  and  f  These  arc.  however,  only  the  i;s|ic(ifllly  eharacter- 
iatie  overtimes  I'lindatncntnlly  ihew  exist  for  the  vowels  almost  generally  mnny 
oCtaers.  which,  howewr,  arc  eonsiderahly  less  conspieuous. 

Thu*  the  partial  tone*  preseni  in  tlie  same  abmolute  pilch  are  .always  charac- 
leristic  of  the  vowels;  acccinlirin  t"  v.  HclmhoHz,  Hensen,  Pipping  »nd  tnhens, 
they  arc  harmonic  overtones  of  the  note  of  the  vocal  bands  sircngl hcncd  by 
rcsi'mame  Accordin k  to  Hermann  the  overtone  is  an  independent  noie  priOmed 
in  the  oral  ca\'Jty,  and  it  need  have  no  harmonic  rvlattfni  with  the  sinuid  prudtin-d 
by  llic  laryiut. 

Just  tuit  ispoiwibk  torcstolvea  vowelintoitalundaniental  lone  and  ov«rton«» 
hy  means  of  restmalom.  so  the  \'oi.v*l  can  he  reprodueed  bv  soundiutt  H>j;*"icr 
the  slrong  fundftmetilal  tone  and  the  wenker  overtones  'I'his  ninv  l.e  done  in 
the  following  wavs:  (i)  Most  simply  hy  singing  loudly  a  vowel,  for  example  A. 
al  a  L-erlain  pitch,  into  on  <T>en  pianu  against  Uie  free  slriag*.  while  the  damper 
is  at  the  same  ijiwe  raisi'd  by  the  peilal.  If  the  voice  suddenly  eeaseii.  tin-  vowel 
is  sounded  by  the  stringt  of  the  piano  In  other  words,  all  those  sinnj-s  ore  set 
into  sympathetic  vibration  whose  overtones  (a|«rt  (rorn  the  fundainenlal  lone) 
occur  in  the  vowel-jMwnd.  They  continue  to  souiirl.  therefore,  for  .Mime  lime 
after  the  voice  has  been  ititerrupted.  This  experiment  may  be  modified  by  raisin;; 
the  diunpcr  fr<nn  llinif  note-s  onlv  that  occur  as  overtones  (by  holding  aown  the 
keys).  In  this  way  it  is  powible  to  cnnlbitie  the  vowil-souod,  noli-  ftir  note, 
(i)  The  vowel -appaml lis  of  v  HclraholtK  consists  of  a  number  (>t  tuning-forks, 
which  are  kept  in  e'lnstant  viliratiim  by  eleelromagiiets.  The  lowest  fork  viehU 
the  fiind.T mental  tone  H,  the  others  in  succession  the  overtones  In  front  of  each 
fork  there  is  placed  a  resonanec-tube.  which  can  be  opened  and  ek'stri  hy  a  lid. 
When  the  tulw  is  chised.  the  tone  of  the  corresponthns  lunitiK-f'irk  cannoi  he 
heard,  but  when  one  or  more  "f  the  liibeK  iire  oiiencd  their  notes  are  heard  dis- 
tinctly with  an  intensity  proportional  to  the  size  of  the  opening.  In  this  way 
diffen-iil  CL'inbinations  of  the  fumlitioeotnl  tone  with  one  or  nutn:  harmonic  over- 
tones, in  ViiriDUJt  degrees  of  intensity,  eon  '«■  made,  smJ  tnu»ie^!  Iciocs  of  varpng 
qiialitv  (the  voweU)  produced,  v.  Helmholt*  made  the  following  vowel-cnm- 
binatinns:  U  •■  B.  togelherwith  faint  b  and  f;  O  —  subdued  B.  and  strong  b' 
and  weaker  b,  f,  d":  A  —  b  (as  fundamental  tonel.  with  moderately  loud  b' 
and  f,  and  strong  b"  and  d'";  Ae  -  b  as  fundamental  tone,  with  b'  and  P'. 
somewhat  strou^er  than  for  A.  d"  strtwie,  li"  weaker,  d"'  and  P"  as  strong  as 
posrible;  E  —  b  as  fundamental  tone,  rather  strong,  with  b'  moderate,  f  likewise, 
and  f".  ns"'llat,  and  b"' as  strorg  ns  jKissible:  I  cannot  l>e  pnuhieed  in  this  way, 
(j)  (J,  Appunn  has  constructed  a  vowel -apparatus  of  organ-pipes  There  are 
30  ojien.  loud  stnindmf;  oipes  from  the  fundamental  loite  10  the  nj  sticceedinf; 
overtones,  and  3a  sltjpped,  weakly  sounding  pipe»,  phu-eil  in  In'o  roKs  on  a  sjieeial 
air-chest.     Each  pipe  can  be  opened  and  cUiscd  by  a  valve.     A  liirw  valve,  al 
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the  entrance  of  ihc  atr-chcst  allows  all  Hit  opened  pjpea  to  sotind  together.  Tfae 
two  ruws  ot  pipes  make  possible  ttircc  iIej:rc<'S  of  1cmc*intrnHity.  namely  loud  tones, 
when  both  rows  sound,  modeialcly  loud,  when  the  open  piiics  sound;  luid  wrftk, 
when  the  slopped  piped  alone  ^'uiid.  'thv  (umiation  of  Ihc  vowels  by  this  ap- 
paratus it  not  so  satisfacior>'  si  that  by  the  ttaiinjt-fnrks.  beeniise  the  pipe*  OO' 
not  yield  simple  lonw,  but  contain  several  weak  (especially  ths  uneven)  overtonet. 
Horvover,  the  gmdiiation  of  tuiie-intensity  cannot  he  nitule  as  (iav  as  with  tbr 

resonators  of  the  tuning  -  forks. 
However,  several  of  the  vowela 
can  be  beautifully  reiiroduced 
They  always  sound  the  best 
when  they  are  auite  short.  Thus, 
B  K^od  A  i»  produced  by  b  aiid  b' 
weak,  f"  moderately  strong,  b» 
sl(¥>ng,  d"'  weak  and  {"'  moderately 
Bunvnc.  U  is  produced  by  B  strung, 
and  b  moderately  Rtront;.  Deep 
O  '  B  and  ti  moderately  ttrtniE,  P 
and  b'  strnni;.  with  f"  wcjik,  A  high 
O  is  produecd  by  b'  wcaJt.d"  mod- 
i-riiti-lv  siruiiK.  f"  and  b"  strong,  d"* 
and  i'"  vcc3^t.  The  wtbcr  vowel- 
sounds  are  produced  impericctly: 
E  -  Ji'wcak,  with  b",d"«,  a'"  strong, 

A  -  b',  f".  b"  weak.  d°'.P"  moder- 
ately strong,  b"'  Atkt  strong  end 
;i'"  inddcratelv  strong.  O  ^  b'  weak. 
t",  b"  rtronii.  f"  weak.  b"*.  c'\  d»' 
moderately  strong,  t"  -  P.  ("  weak, 
f'.c"' strong  I  cannot  be  produced. 
The  highest  pipe  d"'  yields  approxi- 
maiely  thecharaeterof  I.  Similarly 
the  stiipm-d  pijie  B  yields  an  olucu re 
I"  and  ihc  open  G  a  rather  clearer  V. 
According  to  the  foregoing  con- 
sidcnitifns,  the  voii-cls,  being  com- 
posed of  a  fundaiDcotnl  tone  and 
overtones,  must  have  definite  vibn- 
tion-<^r^•ea.  These  may  he  demon- 
Ktrnted  in  various  ways.  If  ft  vowel 
)>e  spoken  against  a  delicate  lfl»»* 
membrane  closing  the  extremity  of 
a  hollow  cylinder,  at  whose  center 
is  ii  line  curved  style,  apjilied  to  a 
cylinder  covered  with  a  layer  of 
para  Mill -waJC  and  capable  of  re^'olv• 
mg  uniformly  andof  being  displfteed 
Uternlly,  the  style  will  trace  the 
vowel -curve  on  the  layer  o(  wax. 
If.  now,  a  small  point  connected 
with  the  membrane  is  allowed  lo 
run  in  the  groove  traced  by  the 
style,  the  resulting  vibrations  of  the 
membrane  will  reproduce  the  sound 
(Edison's  phonograph).  Enlarged 
curves  of  the  sound>impre»s)ona 
Rwy  be  obtained  by  transntitting 
the  impressaoiiB  on  the  cylinder  to  a  suitable  apparatus  I'he  vowels  jrjcid  the 
same  suiuid  only  wben  the  rapidity  of  revolution  of  the  cylinder  remsitu  the  satne. 
If  on  the  olner  side  nf  mi-h  a  iminlirane.  there  is  a  small.  cl<:)*ed  gas-chamber, 
from  which  a  gns-bumcr  passes,  a  characteristic  tmcing  of  tin-  viNnihni;  Ilain« 
can  be  obtained  in  a  rotating  mirror  when  the  vowel  is  prt^duccd  (i'ig  3jS). 
Nagcl  and  SawojlolT  made  use  of  the  tympanic  cavity  and  the  tympanic  mem- 
brane for  this  inirp<)«)r— gas  being  iniroduced  into  the  tympanic  cavity  uf  a  fmli 
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jmimal's  h*ad.  and  this  being  connected  with  a  ([aa-bumer — and  they  were  thus 
cnubled  to  we  charaelcristic  vo^el -curv**  in  11  miatinf;  mirror. 

H  one  limb  of  a  Y-shaiicd  lulu'  hr  tittfd  into  tlii-  ncsiriU,  while  th*  second  ii 
connected  wiUi  a  gaa-fixturc.  and  the  third  with  a  burner,  cvcr>-  time  a  vowel 
i»  uttered  llic  tlaiiic  is  sfi  intu  »tmurim»  vibraiiciis,  which  reproduce  exactly  the 
scmnd  cif  tht  vowel.  If  the  vowel  is  given  a  naiAl  suiind,  the  Immc  ahoots  up  tiigli, 
because  the  air  is  forced  into  the  nasal  cavity.  Such  a  flame  nJso  may  \x  unulyrcd 
in  the  rotating  mirror. 

The  mfvements  of  the  membrone  may  he  dniwo  or  photographed  by  meanis 
of  n  writing  lever  placed  in  contact  Tfith  it.  In  thi*  way  characteristic  curves 
are  obtained  for  each  vowel:  {ihonatitograph  of  Hcrtien,  A  Kick,  and  others. 
Pig.  328  shows  the  flamc-pictureB  of  the  vowels,  and  under  each  the  corresponding 
tracing  as  registered  by  the  phonautofraph. 

FUNCTION  OF  THE  LABYRINTH  IN  THE  ACT  OF  HEARING. 

With  respect  to  the  part  pluyed  by  the  ear  in,  the  appreciation  of 
timbre  it  may  be  said  that,  just  .'is  a  musical  tone  can  be  resolved  into  its 
fundamental  tone  and  overtones  by  means  of  resonators,  so  the  ear  is 
able  to  make  such  an  analysia,  The  ear  resolves  the  complicated  wave- 
motions  into  their  components,  which  it  perceives  as  separate  tones 
harmonizinff  with  one  another.  As  a  result  of  adequately  trained 
observation  the  ear  can  brinji;  these  components  separately  to  the  notice 
of  consdnusness.  and  it  distinguishes  as  different  <|unlities  oC  sound 
only  different  combinations  of  these  simple  tonc-scnsations.  This 
tesolution  of  the  complicated  vibrations  into  simple  pendulum-lilce 
vibrations  is  a  most  striking  property  of  the  ear.  What  are  the  mechan- 
isms in  the  ear  throuRh  which  this  resolution  is  effected?  If  with  the 
dampers  raised  the  vowel-sound  A  be  sung  loudly  in  a  certain  note 
(for  example  b)  against  the  strings  of  an  open  piano,  all  of  those  strings, 
and  only  those  striogs.  are  set  into  vibration  that  are  contained  in  the 
vowel-sound.  It  must,  therefore,  be  assnimed  that  a  similarly  actinj; 
apparatus  h  present  in  the  ear.  which  is  tuned  for  certain  pitches,  and 
is  set  into  sympathetic  vibration  when  a  note  is  sounded,  like  the  strings 
of  a  piano.  '"If  we  could  connect  each  string  of  a  piano  with  a  nerve-fiber 
m  such  a  way  that  the  nerve-tiber  would  be  stimulated  and  receive  an 
impression  every  time  the  string  was  wt  in  motion,  each  musical  tone 
that  strikes  the  in.strument  wouJd,  in  fact,  as  is  actually  the  case  in  the 
car,  excite  a  scries  of  sensations,  corresponding  exactly  to  the  oscillator)' 
vibrations  into  which  the  original  movement  of  air  could  be  resolved; 
and  thus  the  existence  of  every  individual  overtone  would  likewise  be  per- 
ceived exactly  as  it  is  by  the  ear.  Under  these  circumstances  the  percep- 
tions of  the  various  high  tones  would  devolve  upon  different  nerve-fibers, 
and,  therefore,  would  occur  separately  and  independently  of  one 
another.  Now.  in  fact,  the  recent  discoveries  of  the  microscopists 
as  to  the  intimate  structure  of  the  ear  permit  the  assumption  that 
similar  arrangements  exist  in  the  ear,  such  as  wc  have  just  considered. 
Thus,  the  end  of  each  liber  of  the  auiitor>'  nerves  is  connected  with 
small  elastic  particles,  of  which  wc  must  assume  that  they  arc  set  in 
vibration  in  sympathy  with  the  sound-waves"  (v.  Helmholtz). 

v.  HehnhoUz  believed  formerly  that  the  arches  of  Corti  are  the  appa- 
ratus attuned  to  the  individual  tunes,  stimulating  the  nerve  by  sym- 
pathetic vibration ;  in  other  words  that  they  represent  a  sort  of  keyboard. 
As,  however,  amphibians  and  birds  have  no  arches  of  Corti.  although 
they  are  certainly  able  to  hear  musical  tones,  the  stretched  radial  fibers 
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of  the  basilar  membrane  (on  which  the  organ  of  Corti  rests),  which 
are  shortest  in  the  first  turn  of  the  cochlea,  and  l>ccomc  longer  near  the 
apex,  must  be  considered  as  the  organ  that  tal:e£  up  the  vibralioas. 
Hence,  there  would  be  a  fiber  of  the  basal  membrane  vibrating  in  sym- 
pathy -with  each  possible  simple  lone.  According  to  Henscn  the  hairs 
of  v.in,*mg  length  in  the  labyrinth  may  also  subser\'e  the  same  purpose. 
The  fnregoing  assumption  is  sufficient  also  to  explain  the  perception 
of  noises.  Many  of  these  may  be  resolved  into  a  confused  mass  of 
simple  pure  tones.  True  noise  in  the  physical  sense  must,  hkc  separate 
explosions,  be  perceived  by  the  saccules  and  ampulla:. 

R.    Evrald  has    propose*)    a  ticw    tlimn-.    the    »o<cnltGd    si'«itd*piWwr.- i/i»v«7^ 
He  believes  that  the  impulses  prtxluccd  W  the  sound  on  the  basilar  memV'rarc 
give  rise  lo  a  wave-picture   [snund-ptelure).  the  special  form  of  which  tuablfa 
the  basal  membrunc  to  form  a  link  in  the  chain  of  tranMikittinfjt  itKclianianu  thai 
nrc  intt^rposcd   liclwcen   the  scmnd  and   its  pcrcfplioti. 

If  the  parts  played  by  the  cochlea  and  the  saccules  together  with  the 
ampullfe  be  compared,  it  may  be  said  that  only  the  fundamental  sen- 
sation, the  general  perception  of  hearing  from  concussion  of  the  auditorj- 
nerves,  as  through  blows  and  noises,  is  excited  by  the  saccules  anil 
ampulL-e:  whereas,  on  the  other  hand,  the  pitch  and  the  depth  of  the 
vibrations  and  their  musical  character  are  appreciated  by  the  cochlea. 

.\ccordinx  to  .inothtr  view  each  nervt-cell  of  the  cochlea  hears  evcr>'  lone; 
therefore  nepamlt  eclU  »rr  nol  attuned  for  diflcrent  tfinc*.  The  Kharpttcss  of 
hcarinf!  is  supposed  to  result  from  the  sum  of  the  Bcnsitive  audiior^-  eelU.  at)  of 
which  hear  Tiie  wttiK-  thinj;.  According  to  Ht-ld.  »e\-eral  hiiir -cells  arc  conn«vt«d 
u-itb  one  ncrvc-liber.  hence  tones  of  dilTerent  pitch  can  excite  one  and  the  sarDe 
fiber. 

Till-  rcliitioii*  lietwccn  the  .*eniicirrtilar  caiinlN  aiul  the  bodily  equilibnvim  are 
trcalc<l  ill  the  considcratiim  "f  the  Hiidilork-  ner\e  (p.  6q«)) 

Pathological.  — In  the  presence  of  varving  degrees  of  deafness,  lofis  either., 
uf  all  or  o(  only  certain  tontra  in  icreatLr  or  fi-s.'>rr  amount  haa  been  fi>und.  Lab 
rinthinc  iitfcctionR  and  those  of  the  aiiditon-  m-rve  \><Ah  cuum;  disturlxuiccs  _ 
hearing,  b«t  with  the  following  diRerenees:  In  ihe  presence  of  nflectiotie  of  the 
labyrinth  tonoB  having  from  ij  to  64  vibrations  are  heard  poorly  with  air-c<in- 
duction;  while,  in  the  presence  of  w>-cfllled  torpor  o(  the  auditor}'  i»er\'e.  suci 
tcmes  are  well  heard.  Bone -conduct  inn  is  p^ind  in  both  vaHS  for  the  km*cict  toim 
In  the  prpsence  nf  tonwjr  of  the  nerve  hiKh  tones  arc  well  nerceivcd.  but  in  Ihi 
of  affeclitms  of  the  labyrinth,  poorly  The  hearina  of  spoken  sounds  and  tx 
conduction  arc  much  udutet!  111  iKith  cases  Doufile  hearing  is  rarely  pmdt 
b]-  affections  both  of  Che  middle  and  of  the  internal  ear. 


SIMULTANEOUS  ACTIOH  OF  TWO  TONES. 

HARMOnY.      BEAT.      DISCORD.      DIFFERENTIAL     TORES     ARD     SUHHA- 

TIOH-TOnES. 

If  two  tones  of  different  pitch  are  heard  at  the  same  time,  tliey  pro- 
dtice  diflerent  sensations  in  nccordance  with  the  difference  in  pitch. 

If  the  number  of  vibrations  of  the  twu  tones  is  in  the  ratio  of  simple 
multiples,  or  as  i :  a  13:4.  so  that,  while  thff  lower  tone  makes  one  vibra- 
tion, the  higher  one  completes  a,  or  j,  or  4.  the  car  obtains  an  impressioa^ 
of  complete  harmony  or  cx)ncord. 

If  the  number  of  vibrations  of  the  tones  is  not  in  the  ratio  of  aimple' 
multiples  interference  must  result  if  the  two  are  sounded  together.     The 
summits  and  valleys  of  one  wave  can  no  longer  always  coincide  with  lli« 
corresponding  summits  and  valleys  of  the  other,  but  in  accordance  wiih  tl 
difference  between  the  number  of  vibrations  there  must  be  places  where 
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the  suininits  and  valleys  come  together.  Consequently,  if  two  suminits 
fall  together  there  must  be  an  increase  in  the  strength  of  the  tone,  but 
if  the  summit  of  one  wave  roincides  with  the  valley  of  another,  there 
must  be  a  diminution  in  the  strength  uf  the  tones.  In  this  vray  there  i& 
obtained  an  imfiression  of  variation  in  tone-inteosity  that  is  designated 
beat  or  m-mor  (balt<?mi!nts). 

The  number  of  keitts  is.  iiMur&IIy.  c»iual  to  the  diPfrcncf  belwixn  »)i<-  miinl>er 
of  vilwations  in  the  two  tones.  The  bents  ore  muet  clearly  perceived  when  iwo 
deep  tones  of  the  same  pilch,  for  example,  of  OTgmi-ni pes,  arc  slightly  out  of  tunc, 
if  of  two  orKau-pipea.  catli  of  which  produevfi  C  witVi  .13  vitralioiis  in  the  Bteciid. 
one  is  made  to  yield  34  vibrations,  <^rt  distinct  beat  will  be  heard  every  second. 
It  is  evident,  further,  that  the  bcais  are  f<-*cr  the  less  the  difference  between 
the  two  vi  bra  I  ion -numbers,  and  that  they  are  more  frequent  the  greater  ihia 
difference.  Further,  with  equal  relativi-  difference  in  pitch  of  two  tones,  ibe 
teats  sLfe  fewer  the  deeper  the  ti«ie«,  imd  they  are  the  iiicire  Irt'queni  the  higher 
the  tones,  If.  for  example,  the  tunc  c  with  OD  vibr»ti<ms  is  spundcd  with  a  seeord 
tone  with  08  vibrallone  in  the  second,  two  beats  must  occur  in  cvcr>'  second 
(while  in  the  prcccrtinK  example,  with  e(|ual  relative  difTtri-iicea  In  pitch,  only 
one  beat  is  heard). 

The  beats  produce  widely  diffcTcnl  impressions  upon  the  ear,  accord- 
ing to  the  rapidity  with  which  they  follow  one  another. 

When  they  occur  at  long  intervals,  they  may  be  perceived  as  com- 
pletely isolated  reinforcements  of  the  tone,  with  subsequent  Rnfeeble- 
mcnts;   they  thus  produce  the  sensation  of  completely  isolated  beats. 

If  the  beats  follow  one  another  more  rapidly,  the  inequality  pro- 
duced causes  a  continuous,  disagreeable,  whining  impression  that  is 
cksiffnatcd  a  discordant  sensation.  The  highest  degree  of  disagreeable, 
painful  discord  is  felt  when  there  are  jj  beats  in  the  second. 

The  inbenac  unpleasantness  of  this  sensation  may  be  well  likened  to  the  dift- 
aereeable  impre^iim  priHluccd  by  a  fliekeiiiifi  light  before  the  eye.  ll  is  evident 
that  in  order  io  prcduce  this  inten]^  discord,  two  low  tones  must  have  b  much 
greater  diflcrencc  of  pitch  than  two  high  tone*. 

If.  by  an  increase  in  the  difference  in  the  number  of  vibrations  of  the 
tones,  the  beats  follow  oftener  than  33  in  the  second,  the  sensation  of 
harsh  discord  gradually  disappears,  as  the  beats  become  more  frequent. 
Hence  the  sensation  progresses  from  moderately  inharmonious  tone- 
ratios  (which  in  music  demand  a  resolution  in  the  succeeding  chords) 
to  more  and  more  consonant,  and  finally  to  completely  harmonious 
ratio.s.  These  tone-ratios  are  successively  the  second,  seventh,  minor 
third,  minor  si.xth.  major  third,  major  sixth,  fourth,  and  fifth. 

As  a  btfacs  in  the  second  produce  ilie  greatest  discard,  it  is  evident  that  fur 
the  priHlucliiin  <if  di.scord  in  tones  of  low  pitch,  the  ttmis  of  the  sciile  must  lie 
further  iipnrt  than  when  they  fire  of  high  pitch,  In  deep  tones  the  ma^or  third 
may  easily  be  discordant,  in  high  lont-s.  on  the  conlrary,  even  tlinse  lying  close 
lOfljelJlcr  sound  mucli  Ic-m.  di.-tciirdaiit.  because  the  numln.-r  of  bcatx  unickly  exceeds 
13  in  the  secmid,  «ii  account  of  ihc  hijjh  num^ier  "f  vibrations,  in  general,  there- 
fore,  musical  passages  that  possess  but  little  harmony  are  oiuch  less  inh&nnonious 
in  high  notes  than  in  lote  ones. 

The  conditions  arc  exactly  the  same  for  two  musical  tones  that  are 
heard  at  the  same  time  by  the  ear  as  for  two  simple  tones.  Under  such 
circumst.^nces,  however,  the  overtones  come  into  consideration,  as  well 
as  the  fundamental  tones  that  determine  the  pitch.  The  degree  of  dis- 
cord of  two  musical  tones  is.  therefore,  all  the  more  prominent  the  more 
the  two  fundamental  tones  and  the  overtones  (and  finally  the  differtm- 
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tial  tones,  which  will  be  considered  presently)  produce  beats  that  number 
about  35  in  the  second. 

Finally,  two  simple  tones  or  musical  tones  sounded  togetlier  may  give 
rise  to  new  tones  if  they  sound  simultaneously  and  in  suitable  intensity. 
In  addition  to  these  two  priman-  tones  or  musical  sounds,  a  third  new 
tone  is  heard  on  listening  intently,  the  number  of  whose  vibrations  is 
equal  to  the  difference  between  the  two  primary*  tones.  These  tones 
are  called  differential  tones,  or  Andreas  Sorge's  or  Tatini's  tones. 

If,  for  fxamplc.  two  tonn  in  the  rrlation  of  th«  fifth  (a  :  3)  or  of  the  fourtli 
(3  ;  4)  or  of  the  third  (4  $,),  arc  sounded,  ihc  fundamcnial  tone  —  i  is  heard  at 
A  difiercniial  tone.  Musical  tones  that  are  rii;h  in  overtone*  yield  ilifTcmitial 
tones  of  hixlicr  urdcr.  Tliuti,  if  the  thinl  fiiroduccd  hy  two  tnci*]  bars)  !n  a  high 
register,  naincly  16  :  ao  (—4:5)  is  sounded,  the  tcuic  -  4  (fundamental  loral 
is  readily  heard  as  the  first  differential  t&ne.  This  tone  4  forms.  ltu-*t-ver,  witn 
16  soother  differential  tone  of  second  order,  that  is  t6  —  4  -  u.  In  fact,  with 
the  aid  at  rescmatnrs  the  differential  tone  of  third  order  may  be  heard,  namely 
13—4  -  **■ 

HelmhoUz  showed,  further,  that  new  tones  may  also  result  through 
addition    of    their    vibration-numbers    {so-called    summation -tones). 
These  are  difficult  to  hear,  though  best  when  the  two  primary  tones  be-, 
long  to  the  middle  and  lower  register,  and  are  rich  in  overtones. 

When  musical  tone*  are  sounded  together,  the  barraony  of  the  differential 
tones  must  also  he  tAken  int^  account.  In  the  rnajnr  chord  thnie  are  c<'nsonAnt: 
in  the  minor  chord  theip  is  dissonance  of  the  difTirrntial  tones  Therefore,  the 
iirsi  have  a  finished,  complete,  satisfying  chariicter.  while  the  latter  produce  a 
tee\iiif(  of  unsaiisUciorinexs,  melancholy,  contention,  which  requires  a  rcsojuiion 
into  more  fiTiishcd  consonant  harmonies. 

AUDITORY  PERCEPTION.     FATIGUE  OF  THE    EAR.     OBJECTIVE 

AND  SUBJECTIVE  HEARING.  ASSOCUTED  SENSATIOHS. 

AUDITORY  AFTER-SENSATIONS. 

When  the  stimulations  of  the  nerve-endinjis  in  the  labynnth 
referred,  by  a  psychical  act.  to  the  source  of  the  sound  in  the  outer! 
world,  there  result  objective  auditory  perceptions.     Only  such  stimu- 
lations, however,  are  referred  outward  as  are  transmitted  to  the  tympanic 
membrane  by  vibrations  of  the  air.     This  is  proved  by  the  fact  that, 
when   the  head   is   held    under  water,  so  that  the   external  auditor>- 
canals  are  tilled,  all  sound-vibrations  will  be  heard  as  U  originating 
in  the  head;  the  same  is  true  of  one's  own  voice,  if  the  auditory  canals, 
arc  held  closed,  and  also  of  sound-waves  conducted  through  the  bone«  of' 
the  skull. 

As  to  the  direction  from  which  a  sound  comes  a  judgment  is  formed 
from  the  relation  of  the  auditorj-  canals  to  the  source  o(  the  sound,  espe-j 
cially  if  this  direction  is  estimated  from  time  to  time  by  turning  the  bead. 
The  direction  from  which  muBical  tones  combined  with  noises  come  is 
more  easily  recognized  than  that  from  which  simple  tones  come.  With 
ef|ually  strong  stimulation  of  both  cars,  the  source  of  sound  is  referred 
to  the' median  plane  in  front  as  a  single  sound;  but  if  one  ear  is  more 
strongly  affected,  the  sound  is  referred  to  that  side.  The  position  of  the 
auricles,  which  act  as  collecting  funnels  for  the  sound-waves,  is  naturally 
important  in  judging  the  direction  from  which  these  come.  According 
lo  Eduard  Wchcr  it  is  much  marc  dithcult  to  determine  the  direction 
when  the  auricles  are  held  firmly  presseti  against  the  head.  This  ob- 
server states  that  if  the  hands  are  placed  over  the  cars  in  such  a  manner 
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as  to  form  cavities  opening  backward,  a  sound  coming  from  in  front 
will  be  heard  as  though  coining  from  behind.  The  semicircular  canals 
probably  also  possess  the  function  of  determining  the  direction  of  fiound, 
as  a  sound  coming  fnmi  a  certain  direction  must  always  stnke  one  canal 
(or  the  F.ime  one  of  both  sides)  more  strongly  than  the  others.  For 
example,  the  left  horizontal  canal  is  most  strongly  excited  by  a  hori- 
zontal sound-impulse  coming  from  the  left  side.  Other  investigators 
ascribe  to  the  tympanic  membrane  the  function  of  localizing  the  sound, 
masmuch  as  certain  portions  of  the  membrane  are  often  affected  alone. 

As  to  the  distance  of  the  sound,  the  strength  of  the  sound-vibrations 
serves  as  a  guide,  an  estimate  of  this  having  been  formed  as  a  result  of 
experience  in  the  case  of  familiar  sounds,  but  error  in  this  connection  is 
not  rare. 

A  certain  time  always  elapses  Iiefore  a  tone  is  heard  by  the  ear, 
especially  if  the  tone  is  faint  (from  t  tu  a  seconds).  I,.ikcwise.  the 
auditory  sensation  persists  for  some  time  after  the  sound  has  ceased, 

Among  SHl^jfctive  auditory  scnsaLitms  there  tnuy  t>e  dintinguishcd: 

.■l/ti'i'-wfcruficMj,  cspcdally  of  loud  and  pcrsieitnt  musical  sounds.  Jioaritie 
in  the  rori,  which  often  is  caused  by  abnomuilitio«  in  llit  tirculation  of  rhi-  l>U>od 
(hyperemia  or  anemia)  in  the  car,  dependc  tioon  mcchanicrj  irritatiMi  of  the 
audit'irj'  n*rvc-fili*re  (by  the  blood-current).  Abnormal  prcwuTc  in  the  labynnth 
may  also  cause  subjective  noiscE.  There  are  also  undoubted  subjective  sensa- 
tions o(  a  purely  ner\'ous  character  in  the  entire  nervous  apparatus  Rittging 
in  the  taT.%  ist  ii«cri1>«:d  partly  lu  u^nmic  contraction  uf  the  tcnwir  tymnxni  muscle, 
and  partly  to  circulator>'  abnormalities.  Also,  mnny  pnisons,  such  as  quinln, 
and  others,  cause  subjective  nuiaes.  Btictic  pi-rcepiicns.  whicli  art  due  to  procesaes 
within  the  ear  itself,  cimKi.tt  in  hearing  the  jnil.U'-heut  hi  the  nri^hburinc  arteries, 
aad  rushing  noises  in  the  blood-current,  which  arc  especially  loud  when  there 
is  increasecT resonance  in  the  car.  as  from  occlusion  of  the  external  canal  or  of  the 
tymeanic  cavity,  or  a  collection  of  fluid  in  the  latter;  further,  when  the  action 
of  tne  heart  is  increased,  'w  in  ittociation  with  hvptrt-stheiiiii  of  the  auditory 
nerve.  Ent'itic  sounds  arc  produced  also  by  crunching  and  crackling  noises  in 
the  articulations  o(  the  lower  jaw,  by  muscular  traction  on  the  Eustachian  tube, 
and  by  the  entrance  of  air  into  the  tut>e  or  when  the  drum  i»  rnnved  inward  or 
outward.  Other  instances  of  subjective  auditory-  sensations  are  referred  to  on 
p,  701:    Patliolo^icat. 

The  ear  exhibits  the  phenomena  of  iatiguc:   and  this  confines  itself  to  that 
.  tone  or  group  of  tones   to  vrhich    the  e.ir  is  exposed,  while  it»  sensitiveness  to 
other  tones  is  not  demotistrably  diminiKhcfi.     In  the  coiir«e  of  a  few  seconds, 
however,  complete  recovery  takes  j>lace. 

The  auditor}'  phenomena  resulting  from  applications  of  the  galvanic  current 
urc  distnissed  on  p.  701. 

The  following  auditory  ajter-setisaiiotit  can  lie  disttn^iished:  (i>  Those  that 
correspond  to  positive  aflcr-imagcs,  and  may  be  designated  cc/iors  or  resf^natices. 
that  IS  the  after-Renxation  in  xo  intimuti^ly  reLticd  to  ihc  oriKinal  jKiund  that 
they  appear  to  be  continuous,  (»)  There  aie  also  atiditor>-  after-sensations 
attcndiM  with  a  pause  between  the  end  of  the  objective  and  the  beginning  of  the 
subjective  tone.  A  splashing  sound  has  been  heard  as  a  peeuliar  after->vnaalioa 
for  a  minute  after  a  tone  hat  been  listened  to  (or  some  time  (3)  A  third  variety 
of  aft*r-scn»Btion  may  be  compared  w^th  nef;nli%-c  after-images  As  such  may 
bfl  designated  the  sense  of  strilcing  stillness  noted  by  lindens  after  interruption 
of  a  long-continued,  loud  sound. 

Some  persons  associate  the  perrepliiin  of  tunes  with  the  ajipearancc  of  sub- 
jective sensations  of  color  or  of  light  (colored  hearing),  for  example,  the  tone  of 
the  trumpet  with  the  sensation  of  ycUow.  Photisms  of  this  kind  arc  more  rarely 
obser^'ed  when  the  Jicrvc.t  of  tante.  amcll,  and  sensation  arc  stimulated.  There 
are  peraons  in  whom  c\'cn*  form  of  scuson.-  impresaion  iieceasarily  calls  forth 
another  subjective  one.  ft  is  more  frequent  to  find  a  sympathetic  irritation 
of  sensory  oervc*  in  connection  with  loud,  sliarp  sounds.  In  thin  categoty  be- 
longs the  cold  chill  that  many  feel  when  they  hear  tile  squeaking  of  a  slate-pencil, 
or  anv  similar  shrill  lone 
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AccOfdtns  to  Vrb&ntschi1«ch  AnalAgouK  nrlalions  exist  bdwcvu  all  ol  tbc 
Miwory  organ*;  ShadinfUhoeyefiusuallj'  wtakensihe  hearing:  subjective  iUirfitorj- 
sensuiions  arL-  ii>,ualh'  iticreawtl  by  light,  gusiatorv  >;4M)s.ili(>ni;  arc  frequently 
strengthened  liy  red  and  jjrwn.  i-lc  l"<i|t)r- blind  individttals  vxhibil  also  typical 
deffCU  o(  musrcal  st-nse;  ihusi*  ilial  are  green-hlird  «»nfm:e  difltrrtiit  tones  that] 
Ihcy  hear  nr  r<-(ii-ul  m  a  way  ihat  is  (liffiTinl  (ruin  tluwr  that  :tn-  red-Mind. 

It  is  often  o)iscr\cd  that  the  iiuditiir>*  imimlsr  convcytd  to  one  car  slTtnglhins 
the  fuociion  nf  tlic  olhcr  cor.  as  a  rt-suh  of  stintulaiion  of  the  auditiiry  i.mtcri 
ol  br^  sides 

The  »uditory  apparatus  may  t*  *Xfitcd  not  only  by  scFUJid- vibrations,  bul 
also  by  other  hcIcroloKouit  stimuli-  It  in  incc-h  ante  ally  r^tcitcd  by  n  Mtddctt  tilinv . 
or  shock  to  the  ear  H  the  lingers  are  pUced  tightly  in  the  canal,  and  a  trembling 
mnlion  i«  made,  a  singing,  ringing  sound  is  cnused  by  the  condeniatior  and  rare- 
tacli'in  of  llic  air  iti  the  ranal  Stimulation  <i(  tin-  auditory  ntrvt*  !»>■  vIrflTicity 
is  discussed  on  p.  bgg  and  [lathotoKicMl  conditidns  of  irritation  on  p.  ;oo. 

COMPARATIVE.    HISTORICAL. 

The  lowest  forms  of  ti^lics,  llu  cyclnsli'mnta  (lamprey b)  poMcsa  only  a  saccule, 
provided  with  auditory  hairs  and  otoliths,  commuricatmg  with  two  cemicirciilA^ 
canals;  the  myxinoidK  hnvi-  only  ttne  sen li circular  canal.     Mijwtitf  the  olhcr  6shM^ 
have  a  utricle,  uith  thn.-c  u-ntu-irculnr  ciinalg  ty|nca1ly  dcvrKijicd.     The  osseous 
fiabet  have  in  the  cysiicuJa  of  linchei  (Fig   lis'.  V,  QJ  the  Orsi  indiraiioti  of  the 
cochlear  canal  Icaaing  fn>m   ihi-  nuccuIc,      In  llie  rar^i  and  the  »had  [xnitcrior 

Erolongations  and  di^'crltcula  nf  ihr  labyriiUh  arc  connnO-d  with  the  air-bladder 
y  means  of  a  chain  of  vlircc  audiiory  ossicli^s.  In  acwral  of  the  herrint:ii  and 
perches,  bjadJer-Iiki;  processes  of  llic  air-bladder  arc  either  in  imniiHliaU*  contact 
with  the  labyrinth,  or  in  close  proximily  to  it.  According  lo  Kmdl  the  carps, 
and  according  to  Beer  the  crustaccunK,  d<»  not  react  nt  all  thrrAigh  tht^  auditory] 
apparaiuii  to  auditor}*  stimnli.  and  the  lishctt  only  through  their  high  I  v  developed] 
cutaneous  sense,  which  is  set  into  activity  by'  the  sound-waves.  The  ur^atKl 
of  the  "giile  line"  in  liulies  are  intendi-d  fur  the  [iri'ftcTvaiicn  of  Lho  i^tuililinum.  1 
The  aunphibia  are  in  general  closelv  related  to  the  fishes  with  respect  lo  the  «>«- 
Ktnictioii  of  the  labyrinth,  bul  the  cochlea  is  not  ivpieally  di-vt[ij]ied.  Mn»t 
oif  thfm.  except  the  fnij;.  h.ive  nn  lyinpuniim.  The  lenr.ntni  ovalis  alone  rxistn 
and  niJl  the  feTUiir.n  rolundn.  the  fomur  licingcoiinectcd  in  frogs  with  the  e.xpoacd 
tympanic  membrunv  by  nK-aii:^  uf  Ihiyc  ussides  In  reptiles  the  saccule,  apjx-ndcd^ 
to  the  cochlear  canal, 'is  quite  prominent:  in  tortoises  it  is  slill  a  simple  »ac.  but 
in  crocodiles  it  i»  longer  ai^d  somtwhat  curved  and  dilated  at  its  cxtremitv  In 
all  reptiles  the  round  window  is  f«vund  for  ihc  first  time:  through  it  the  cochlea 
communicates  with  the  vestibule  The  cochlea  is  divided  into  a  scala  tjtn- 
pani  and  a  nrala  vu^iibuli  in  croc'^dileti  and  birds  Snakes  have  nu  tyni' 
panic  cax'ity.  In  birds  th*-  saccule  and  the  utricle  are  futicd  (Fig.  3»>.  IV,  US). 
The  cochlear  canal  (UC),  which  is  connected  with  the  saccule  by  meaoa  o(  a 
fine  tube  (C),  is  already  longer.  It  rxliibits  indications  of  a  spiral  arraiieemcnt. 
and  it  possesses  n  flask-like,  blind  eiul,  the  lagt-na  (10.  which  is  present  UkrvriM 
in  crucodiW.  The  auditory  oosiclcs  in  reptiles  and  birds  arc  rcdtKcd  to  one. 
which  is  columnar  in  shape,  and  corresponds  to  the  Mapea,  it  m  koo»n  as  the 
columella.  The  lowest  mammals  {echidJta  and  duck-biln  are  still  more  like  th* 
birds  in  structure:  thchighi?r  mammals,  however,  cxhibil  thcsnme  type  of  nuditory 
apparatus  as  man  (Fi)j  .{'5-  "')  'i'  whales  the  Bustschtan  t'utie  is  always 
open  According  lo  G.  Keliriiis  all  vertebrates  possess  so-ealled  hair-cells  as  end- 
organs  of  the  au<lit<>r>'  nerves. 

Among  invt-ruhratfi  ihe  ear  in  (oun<l  in  a  diniple  form  in  siveral  uf  the  ntcdusw.] 
annelids,  aiul  molluscs.     It  is  a  round  vesicle,  filled  with  fluid,  on  the  wall  of  which: 
arc  the  nuclitory  nerves  with  ganglionic  enlafgcmcntji.     The  itinci  wall  uf  the 
vesicle  beiirs  cells  provided  witii  cilia  {auditory  cells),  wliich  C'j«itain  villier  only 
one    otolith   conipojii-d    of   concentric   layers,   or   nunM-TOUS  cr^itnllirH-    movable 
otolith*.     Tile   otoliths  eonsitt  of  an  organic  bast.-,  which  is  im  pre  gnat  •,-<)  Mit^l 
lime-naltB-      In  the  nieduwe  the  auditory  vesicles  lie  in  the  margin  of  the  beBJ 
(iiiar/iHiiJ  (Wii'.i).     According  to  more  recent  views,  howc^t-r,  the  otiJith*  rr^latvl 
the  equilibrium  of  the  ;inini:«.by  prewun^  hiinler  in  one  direction  iHi  the  mrfac»j 
licneaih  them,  with  every  change  of  position.     Vcrwom  iinrMKOSes.  therefore,  to 
call  them  staioliih*.     Exiirpatioii  i>f  tiic  saccult^s  containing  the  ntolithM  duturlia 
the  equilibrium  of  the  animals. 
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In  molluaa  the  cars  an  situftted  on  the  ade  of  the  gullet,  and  in  ncvcnkl 
they  ate  connected  with  the  surface  of  the  body  by  a  titi«  tube  (helix).  In  the 
cruKtacett  there  are  otolith- uuccules.  partly  closed  aii'd  partly  open  Tlic  aw<!itorj- 
bristles  art-  suppliccl  with  nerves,  and  »fc  "f  varimis  Icngihs;  th«?y  Kupjiort  the 
otoliths.  Other  auditory  bristles,  supplied  hy  the  sKmc  ncr\C'tmnfc,  are  found 
on  the  surface  of  the  body,  im  the  anu-nnic.  and  on  the  tail.  Wlicn  a  sound  waa 
conducted  into  ihfi  water  Henscn  «'liM-n'«'<l  ^ttveral  l>ri»tles  to  1>c  stl  in  ^-ihration. 
whicli  were  iittunrd  to  various  pitches.  The  lininf;  membrane  o{  the  auditor>- 
vtsicle  is  loit  vL'ith  every  i^hcddmg,  and  the  animals  voluntarily  replace  their 
otoliths  by  KC(">i>  ".'f  snid.  In  insects  the  ear  is  reprt'senled  by  a  tympanic  mem- 
brane, to  which  a  tracheal  vesicle  iu  attached,  and  Between  which  there  is  a  (pin- 
glionic  ncrvmis  expansion.  !n  the  ncndin  (cricket)  Ihc  ear  liits  over  the  base 
ol  the  third  foot,  in  grasshoppers  in  the  forefeet,  in  beetles  at  the  root  of  the 
hind  wings,  and  in  files  at  the  bases  of  the  poisers.  There  are.  however,  also 
in  the  anteniiic.  hrijttlcsomnectcd  with  j;niiKlionic  ti1>cni,  and  ittill  othi-r  fiTinntions 
that  Hie  considered  as  auditor^-  organs,  as.  for  instHiicc,  the  "  iiu,iitory^  prncih" 
of  arlhrojioda.  In  cephalopods  the  car  is  connected  with  the  hcad-t-.irtilagc.  and 
the  first  indications  of  a  membranous  and  cArtilaK>nous  laijyrinth  aru  f<mnd. 
The  nc^^'e  passes  to  a  plate  or  ledge  oC  horn,  on  which  ciliated  epithelial  cclU 
eeprewnt  the  end-organs. 

HtBtorical.  Empcdocles  (473  B.  C.)  referred  nuditory  impressions  to  the 
cochlea.  The  school  of  Hippocrates  was  familiarwith  theiympanic  membrane; 
ArisloUc  (i.'M  B.  C.)  knew  of  Uie  Gustaehian  tube.  AccordiTig  to  Cassins  Felix 
(07  A.  D.)  nearineis  dulled  during  the  act  of  yawning  VcsalUis  (1571I  described 
the  tensor  lynipani  muscle.  Ingrsssias  the  stapes;  the  latier  connected  llic  func- 
tion of  t-hc  tensor  with  accurate  hearing.  Cardanus  (1560)  firet  mentiontd  sound- 
conduction  through  the  cranial  hones.  Minx.-  exacl  descrijjtiiuis  iif  the  finer  partfi 
of  the  cor  were  made  by  Kallopius  (i5<iO,  who  described  the  vestibule,  the  semi- 
circular canals,  the  chorda  tympani.  the  two  windows,  the  cochlea,  and  the  aque- 
duct; by  Eustachius  (died  1570).  who  described  the  modiolus,  and  the  hflny 
staircase  of  the  cochlea,  the  Eustachian  tube,  and  thi!  mui»;les  of  the  nuride: 
by  Plater,  who  dcscrilied  the  ampullie  (isS^);  by  Casseri  (1600).  who  de- 
scribed the  spiral  lamina  of  the  meiiihranmjs  cochlea.  Sylvius  de  le  B06 
discovsrrd  (1667)  the  ossicle  named  after  him,  Vt-slini;;  the  staix'dius  muscle 
(1641).  Mcrtcnnc  (1618)  knew  of  overtones.  Gassendius  determined  the  velocity 
of  sound  (i6s3).  Polliiu  described  accurately  the  roembTSOous  Ubyrinlh  and  the 
process  of  tJiC  malleus  named  after  him  (11^45).  Tuli>ius  (j&jil  i.X'nsiiU.-red  the 
possibility  of  air  passing  through  the  cars  (when  the  clrum  is  pcrforntcd),  a  con- 
dition that,  curiously,  wag  spoken  of  by  Alkmion  {jSo  B.t'.'l  as  normal  in  goats. 
Subsequently,  there  was  much  discussion  as  to  the  possible  existence  of  a  normal 
opening  in  the  tympanic  merabrane  (foramen  Rivini).  Scarpa  made  a  masterly 
duuiivtion  iif  the  ear,  Perraiilt  (1666)  KUKgeittird  a  theory  similar  t"  that  of  v, 
Hehnboltr,  as  to  the  percepliim  nf  pitch  by  the  cnchlea,  Herxehus  investigated 
the  cerumen  chemically,  Kriracrthc  labyrinthine  fluid.  According  to. •Vuthenrieth. 
the  three  ditTcrently  placed,  semicircular  canals  arc  supptuted  to  aid  in  beunnK 
,«}und»  from  the  rr^peclive  directicms.  The  study  of  acoustics  was  greatly 
advanced  by  Chladni  (1803).  A  most  complete  work  on  the  car  of  the  verte- 
brates wjis  written  by  O.  Retxius  (1881-S4). 
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STRUCTURE  OF  THE  OLFACTORY  APPARATUS." 

The  entrance  to  the  nasal  cavity  is  (urint-d  by  ilie  iKit\bt*iai  tfgton  or  the 
veilibitle.  Its  mucoua  membrane  is  covered  with  ;ia]>illa^  ami  it  in  WncA  with 
squamcju4  epithelium,  which  reaches  to  the  anterior  extremity  of  the  inferior 
meatus  and  the  inferior  turbinate  bone.  Near  the  opening  of  the  nostril  there 
are  h&jrs  (vibriss-ir)  with  groatly  dcv<rlOficd  sebaceous  glands,  Mucjiis  glands 
arc  found  toward  the  cartilages.  The  area  at  the  terminal  expansions  of  the 
oKaetorj-  nerve,  the  olfactory  tftton,  measures  nbcint  500  so  mm.,  and  m  man  it 
includes  only  the  upper  part  of  the  septum,  and  the  islanus  of  the  superior  tur- 
binate lFi^',i,jo.  61):  aetached  islands  or  peninsulas  are  found  in  the  vicinity 
of  this  chief  olfactory  region.  I^'e  remainder  of  the  natuil  cavity  is  dciig- 
nated    the    rc*pir»tor>'   region. 
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The    differences    between    the    olfactory    and 
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rcspiiaton'  regiom  arc  a»  f»II»ih7i;  (i)  Thr  olfactory  nriiiflD  |)naa«;ssr-i  »  thicker 
nracous  membrane ;  [»)  it  i^  covered  with  'n  sinrk-  Inyi-r  iif  rvlsndriciil  cpithHiiim, 
0.06  tnm-  thick  (Fig.  ,^iq,  E).  the  t>ranchi<l  l>asfil  pcriinns  of  which  often  contain 
a  j^Ilow  or  brow nisb-rtd  vinmail  (tloiwr  in  u>imalt>1.  while-  (h«  rtspiraiory 
ngion  has  u  double  Ifiycr  of  cilintvd  epithelium.  tni^c^J  wilh  x'-'t''ct-ccll* ;  {3I 
the  ol(actor)'  r^i[ir>n  is,  ihcn'frtf i- ,  (listinpiu«lK-f1  hv  the  colcirivtirn  nvntK'Uf-d ;  {4) 
it  coiitmnit  pcciilinr  cluh-shajicd  tubular  pUnHi  (tfie  glands  of  Uowmjini.  which  are 
consi(lcrc<l  mucous  glandi,  wink  Ihe  reipiratorv'  portion  cuutoinn  iiniiciijally 
adncnis  |i1ai»1«.  AcrciriliriR  to  A.  Hciclcuhiiin.  tht  latter  arc  nmni*,  ;ircorilmg 
to  Stohr  (in  Jtiani  mixed  gliinds  Lyniph-follick-ii  Hrr  found  in  the  mucosn  I.e- 
ncath  the  epithelium,  and  from  them  numerous  lttilioc>'lcs  make  tbcir  way  on  to 
Iho  free  surfacL'.  (5)  Finally,  tlit-  nlfjKtory  rexion  contains*  the  end-organi  of 
the  olfactorj-  iitn*^  The  olfaclor)'  cells  (N)  he  itotlcrf  J  I.elwtcn  the  lonj;. 
cylindrical  cpiihclia]  cclU  {Kl  of  the  surface.  A  spindle -shaped  cell-body,  with  a 
nuclcuR  And  lartfi-  nticlcoius  iviids  upward, bctwi-^-n  thr  cvltndricul  cell<<  n  smooth 


Ptit. 


p^t^^ 


^?"^. 


,v 


Fio.  jj«.— M.  OlUoocy 
mil  tram  mui  (iki 
hain  iMVt  tiUMt  ofl); 
B.  bom  iht  hot;  b. 
mlt»4iat  nU  Iram 
tb*  aUactary  rr|iDn.      gy 


f»0.    M.-— NumI    (Tiriiif 


F-tJ..    slpiiMiMltiiiic    fcM;     rjfk,    mMwo- 
l^iryncnl    Anhl:    Ci,    Cm.    Ci.  IW    Ihna,  MrtoWM 


(Vrtiuiticlulich). 


rod,  from  09  to  :  ft  h  thiclc.from  th<?  extremity  of  which  from  6  to  8  fine  oltectory 
hflim  project  through  the  pores  of  a  delicate.  itMirturcIes*  limiting  niembtwi« 
covering  the  surface  of  the  ejuthcliiim.  Th*'  tilfuciorj"  cells  i:«r<imc  cantinnaaf 
with  fino  varicose  ner\'e-fili<rils  in  the  depths  of  the  mucosa,  and  these  pass  tmo  th* 
olfactory  ncr\c.  According  to  C.  K.  Hoffmann  and  Exner,  after  section  of  the 
rflactory  nerves  in  Iroga  the  sjiucil'ic  cnd-oTKnii.t  an-  ciin%'cricd  into  a  noncilJttcid 
cylindrical  ejiithdiuui.  while  in  warm -blooded  animals  they  undergo  fatty  de- 
{^acration;  but.  nt  the  some  time,  the  epithelial  cclb  between  tnem  euiibit 
signs  of  degeneration. 

The  oKaetorj-  ci-ll  of  th*  olfactorj"  rejjion  is  a  ganglion-e«ll  whc-r, — : is 

represented  tiy  a  ntTvc-lilM-r.  which  enters  the  olfactory'  hidh.     The-'  ■  i 

of  the  netironK  ct'Otc  m  contact  within  the  spherical  glomemh  with  dti.  _  :.    m 

ganglion-cells  of  the  bulb.  Pauing  through  further  layers  of  tlje  bulb  i^-rltiiinnus 
layer,  layer  of  pyrainidal  celln.  granular  layer)  llii-  ongin  of  the  liber«  in  the 
olfactory  tract  i»  readied,  the  course  of  which  i«  described  on  p.  678. 
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SENSATION  OF  SBIELL. 

The  sensation  of  sinell  is  brouglit  about  by  the  action  of  odorotts 
substances  in  a  gaseous  state,  wbkh  come  in  direct  contact  with  the 
olfactor>'  cells,  especially  in  their  passage  through  the  nares  during 
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inspiration.  In  the  act  ol  inhalation,  the  air  passes  along  the  septum, 
upward  beneath  the  tridge  of  the  nose,  and  under  the  roof  of  the  nasal 
cavity. and  it  then  curves  Ijackward  and  downward.  But  little  air  passes 
through  the  meatuseH.  especially  througli  the  superior;  most  passes 
through  the  miidle  meatus.  Odorous  substances  received  through 
the  mouth  and  then  expired  thnmgh  the  rhoana;  may  also  be  smcllcd, 
although  not  so  well. 

The  first  moment  of  contact  of  the  odorous  substance  with  the 
olfactory  cells  seems  to  be  the  most  effectual  for  the  sensation;  conse- 
quently it  is  customary  to  repeat  these  inspiratorj-  acts  with  closed 
mouth  when  it  is  desired  to  smell  accurately:  snilling.  By  this  means 
the  air  in  the  accessory  cavities  is  rarefied,  and  as  the  air-pressure 
gradually  becomes  equalized,  the  odorous  fumes  are  capable  of  diffusing 
over  the  entire  region.  Nothing  is  practically  known  as  to  the  nature  of 
the  action  of  odorous  substances,  but  many  qJofous  vapors  have  a 
decided  power  of  absorbing  heat. 

There  is  as  yet  no  criterion  for  a  special  classification  of  odorous 
substances.  The  observation  that  certain  categories  of  olfactory  sensa- 
tions can  be  abolished,  while  others  remain  intact,  would  seem  to  indi- 
cate that  there  are  qualitatively  different  forms  of  olfactory  nerves  or 
end -organs. 

The  strength  of  tlie  sensation  depends:  (i)  Upon  the  extent  of 
the  surface  affected  ;  hence  animals  with  great  acutcncss  of  smell  (for  ex- 
ample the  seal)  arc  found  often  to  have  exceedingly  complex  tur- 
binates, which  are  covered  with  the  olfactory  membrane.  (2)  Upon 
the  frecjuenry  with  which  tlie  fumes  are  conducted  to  the  (jlfactory  cells 
(sniffing).  (3)  Upon  the  concentration  of  the  odorous  air-mixture; 
many  substances,  however,  can  be  detected  even  in  remarkable  dilution, 
(4)  There  arc  many  connections  between  smell  and  taste;  chloroform 
has  an  elliereal  odor  and  a  sweet  taste  at  the  same  time.  Moreover, 
it  excites  the  pain-producing  and  cold -perceiving  nerves.  Kthcr  has  a 
similar  action,  but  it  has  a  hitter  taste. 

Broruin  may  be  delected  l>y  its  ™lorin«  dihition  of  mitia-  hydinKcn  sulphid 
in  a  dilution  of  \aliai  fnpn.  wlic-n  contnincrl  in  1  cu.  cm.  of  air,  Tlic  mlor  of 
lioitat  otgrn.  of  chlorvm'iiol.  und  of  t'OBhoste  ni£m.  of  tneivuptun  can  be 
dcttcltd. 

Odorous  suh«tnncfx  <IiHolved  in  indifferent  colutions  (frtr  ncample  6.73  per 
eent.  sodium  clilurid  Bolution)  and  imfodncvd  into  the  nose  excite  a.  lecl)le  snie]I. 
Tlw!  olfaciory  nfr\'e  is  exhausioc!  by  olfaclon,'  wnsaiions;  tliai  j-ersiiit  lor  mtm 
th.in  A  few  miniitrK,  !li«  cxhiiiLKtv«I  iiervv  may  rccovi-r,  luiwwer  in  thr  course  of 
a  minute.  The  scnsKtion  is  impaired  by  fever,  and  also  by  cneain.  Meclianical 
and  thermal  stimuli  dn  not  lxciIc  oKactcrv  ftcnsations. 

Variations  tif  t.lio  i(lfiiei<ir>'  stiiwii.ion  un-  lU-seri^K-d  mi  p.  6yt}.  If  both  nrs- 
triU  arc  Tilled  with  nubstunccsof  diilercnt  odors,  svmc  individualsdo  not  'appreciate 
a  mixture  of  the  odors,  but  at  timcfi  one  and  ut  otlicr  times  Uic  other  prevails; 
in  aoiTif,  however,  llicrc  is  a  mixture  of  odor*.  Many  odors  cause  others  to  dis- 
appear, when  they  aet  upon  the  no*e  at  the  same  time,  for  example  hitler  nimondfi 
and  musk,  eaotttiilioiic  and  wiix.  Under  such  rirciinwtanccs  both  odors  may  he 
t<Lken  either  into  both  nostrils,  or  into  one  and  the  same  no«tril. 

The  extremely  sensitive  sensory  ner\"eK  of  the  na&al  cavity  aie  paiiiftiUy 
irritaied  by  some  purijjenl  funics,  fi>r  exunipic  of  tmimiiniii  .ind  of  acetic  iitiii;  the 
latter  «et  uyon  the  oIl.ictor>'  ner\cs  even  in  KTcfit  dilution  The  nose  is  important 
as  a  sentinel  to  guard  against  the  introduction  of  bad  air  ajid  food.  The  sense  of 
smell  frequently  assists  the  seiiiuilioDS  of  taste,  iind  ciinrerMrly.  Earlier  ar  d 
r«c«nt  inv«sti(;ators  speak  cf  a  connection  between  the  no«  oud  sexual  activity. 

To  test  tiie  olfactory  acuitv  Zw-inrriemaker  mnkcs  use  of  the  oljacVimtttr, 
that  is  a  hollow  cylinder  of  an  o'doroue  substaneo  [for  example  vulcanized  caotit- 
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chouc),  through  which  air  is  dniwc  into  tlic  noxtTit.  A  nonodorouii  tube  can  bs 
intjvductfiJ  into  ihia,  so  tlii^t  any  desired  length  of  the  odormis  surface  may  be 
co\-crcd.  The  intcnsiiy  of  the  smell  is  proportional  to  iJie  Icngtli  of  the  cylmder 
lued. 

The  galvaiiie  curreiil — one  electrode  bvinji  pikced  in  or  on  the  no«,  the  otfa«r 
(indifferent)  Ixdng  held  in  th«  hand — upon  knthodnl  closkiiv  nnd  pcnistmc*  of  tbe 
currcfit,  likcwiec  upon  anoilal  opening,  excites  a  scnBaiion  of  smcU  that  Kiiwel- 
bacb  compares  to  the  smell  produced  upon  striking  flint.  Indttced  currenu  have 
no  etiect. 

CompRnilive. — -In  the  lowest  vcrt«l.intcs  the  olfaclor)'  apparatus  is  rcprvsented 
by  depressioDfi  to  which  the  olfoctOTy  nerve  parses.  Amphioxus  and  the  cyclo- 
stomes  have  only  one  olfactory  dciircssiuii,  v-hile  all  other  vertchratrs  have  two. 
In  many  sclacians  the  olfactory  depression  communicates  n-ith  the  moutli  by 
tncknaci  a  canal.  In  frogs  the  olfactory  orsao«  open  into  the  mouth  ibrough  short 
passages,  In  th«  higher  vcrtcbmtcs  the  noec  develops  togttlivr  with  the  palate, 
and  bcccpfflc*  m-ote  and  more  iiidL-pciidtnt.  In  tht-  gjninopliion*,  a  f^up  of 
■mphibianB.  tht  olfnciory  apparatusiiivJttrtiordiiiarily  Ut-veluped  from  the  prcsenctf 
of  lour  nerves,  while,  on  the  other  hand,  the  ears  nnd  eyes  are  stunted.  The 
cetaceans  have  no  olfactory  nerve.  In  manv  mammals  tliere  is  in  the  anterior 
pari  of  the  scyilum  a  holluw  taviiy,  lined  witli  cells  similar  to  the  olfaclor)'  cell*. 
Opening  cither  into  the  nusiil  cavity  or  into  the  canahs  incisiviis.  and  to  which  a 
brancli  of  the  olfactory  ncr^*c  runs,  it  is  known  as  Jncobson's  oTRtm,  and  is  un- 
develofwd  in  man.  Cephalopoda  liavc  olfactory  d(i>rcs&ionii.  lined  with  ciliated 
olfactory  cell*,  back  of  the  eyes;  the  olfacttwy  nervt  urisi-*  rear  the  t.i(>tic  nerve. 
In  tHuUusct  also,  there  arc  iviliat<-d  places  that  arc  ciinsiderrvl  otf-ietorv  organs. 
In  arthropods  the  olfaclorj'  organs  lie  in  the  feelers  and  antenr.T.  in  the  first  as 
cilia  in  cotineclion  with  a  ganglion  and  neive.  tn  crabs  they  are  uiuaii-d  in  the 
outer  annH  of  the  aiiiennula.  Cthaled.  sJialtow  or  daslc-xhapc<l  depressions 
supplied  with  nerves  represent  the  ulfactory  apparatus  in  the  higher  worms. 
All  other  animals  appear  to  possess  no  especial  organ. 

Historical. — Thcoiihrastus  (\)om  311  6.  C.)  nientiona  tbc  sliort  nose  of  man: 
that  animals  enjoy  ttii-ir  food  only  from  its  odor;  that  strong  perfumes  cause 
headuchc;  that  many  fragrant  salves  impart  on  odor  to  the  urmc;  that  there 
an;  many  connections  between  >mcll  and  taste.  Rufus  Ephcsius  described  the 
passage  of  the  olfactory  nerves  thrcmgh  the  cnhriform  plate  of  the  ethmoid  (97 
A.  D.f.  Accop:iing  to  Galen  the  sense  of  Kmell  has  its  scat  in  the  cerebral  ven- 
tricle*. The  raonl;  Thcophilus  Protospatharius  tend  of  iJie  eighth  ceniurj")  de- 
scribed the  oifactorj'  nerve  as  the  ner\'i'  nf  studl,  Rudius  (iCoo)  ditstfti-d  ^  man 
witll  congenital  anosmia,  in  wh"n>  the  nifactnr^  nerves  were  absent  Sommcring 
wrote  a  inasleriy  description  of  the  olfactory  apparatus,  Cloquet  (1815)  of  lU 
pbysioloiiical  and  pathntogieal  phcnona-na 

THE  ORGAN   OF  TASTE. 

SITUATION  AND  STRUCTURE  OF  THE  ORGANS  OF  TASTE. 

There  nre  slill  many  i^onlradictory  views  as  to  tht!  extent  of  the  regioa 
in  which  thu  sensation  uf  taste  is  dc-vuloped,  and  accordingly  as  to 
whether  the  various  nerves  in  question  arc  to  be  considered  as  ix>ssessing 
taste-fibers  or  not,  (-i )  The  root  of  the  tongue  in  the  region  of  the 
circumvaUate  pLipiliae.  the  artu.  of  distribution  of  tbc  glossophar^-ngeal 
nerve,  is  uiKioulttedty  endowed  with  taste.  (3)  So  also  is  the  lip  of  the 
tongue  and  its  miirgins,  through  the  intermediation  of  most  o(  the 
fungiform  papillsc  (the  filiform  papilla;  and  about  30  per  cent,  of  the 
fungiform  papillae  are  insensitive  to  taste),  but  with  many  individual  vari- 
ations; so  that  often  not  all  varieties  of  taste  are  appreciated.  The 
relations  of  the  nerves  to  these  situations  are  pointed  out  in  the  descrip- 
tions of  the  lingual  nerve  and  the  chorda  t\Tnpani.  (3)  The  lateral 
portion  of  the  soft  palate,  its  posterior  surface,  the  glossopalatinc  arch, 
and  the  inner  surface  of  the  epiglottis  are  endowed  with  taste  through 
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the  glossopliar>'"g(=3'  ncnx.  (4)  It  is  uncertain  whether  the  hard 
palate  also  possesses  tlie  sense  of  taste ;  it  is  usually  said  not  to  be  present 
in  the  middle  of  the  tongue. 

The  ond-orcans  of  th*  Ruslatory  ntrvct  are  the  taste-buds  or  to<t«-goble« 
(liscoi'crcJ  by  Schwalbc  and  Lov^n.  Theae  are  found  or  the  lateral  eiirTsces  of 
Iho  circiiTTivnllinc  piipill*  CKiK  331.  I)  facing  the  capillai^'  cleft  R  R  of  the  sur- 
rounding furrow,  more  rarely  on  the  mirfacc  of  the  jiiijiin».  i»nd  on  the  opposite 
Kide  of  the  furrow.  They  occur  also  on  the  fungiform  papilla:,  on  the  papillw 
of  the  soft  paliitc  and  on  the  uvula,  but  alsu  on  the  und«T  surface  of  the  epi- 
glottis, the  upper  portions  of  the  posterior  surface  n(  the  lann.t  and  tlie  inner 
aApect  of  the  ar>'lenoid  cartilage,  and  on  the  vocal  bands.  Many  of  these  Utd* 
are  said  to  disappcitr  with  ut;r.  The  Ku!>tator>-  KobttU,  Si  "  high  and  3.1  ^  thick,  src 
bud-sbapcd  or  barrcl-shnpcd  cellular  structures,  embedded  in  the  thick  squamous 
epithelium  of  the  tongue.     The  outer  portions  are  made  up  of  curved,  fusiform. 
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Km.  All-— I.  TrnnmrK  S«twin  throu(h  *  CircumkiUaiT  Pn[AU  W.  ikc  piplUm  >i  vi.  the  •■U  inKCiioii;  R  It, 
[Tie  nnit-)hijjcil  tlclr.  K  K,  ibc  lAnc-bud  la  podikio:  H  S.  orrvH.  11.  Iwlntcil  luic-buil;  D.  tortiiil 
pnrtion:  K.  toner  «tt(«nili)>^  E.  Iro  opea  enrcniiy,  wilb  ptojccliiic  tip*  ol  ttu  tuU-cellk  111,  Iwitetcd 
SDfliciiJ  aJli  (d)  and  i*ac  tells  (d. 

nucleated  investing  or  supporting  cells,  like  the  stavi-s  of  a  barrel  (Fig.  331,  II. 
Pi  isolated  III,  d).  Toward  the  free  surface  they  sunound  an  opcniujc,  the 
fiO'HS.  and  benuath  this  a  small  depression.  Surrounded  by  these  cells,  m  the 
uxU  of  the  bud,  there  are  from  onn  to  ten  tastc-cclls  (H.  E),  some  of  which  possess 
a  dclicato  process  at  their  upper  extremitv  (pin-colls — III.  e).  while  others  do  not 
(rod-celUI.  The  gustatory  nerves  lose  their  myelin-sheailw,  and  form  plexuses, 
alwavfi  ending  free  in  the  taKtebmlc.  otthpr  by  Mirmnindtrg  the  buds  with 
delicate  librils  on  the  outer  side  like  a  basket  or  by  penetrating  their  intcricr. 
They  terminate,  ultimately,  free,  on  a  level  with  the  opening  of  the  ta&te-bud. 
After  section  of  the  glossojiharjngeiil  ncnx.  the  taste-bud*  degenerate  wthin 
thirty  hours,  and  the  prolecting  cells  arc  converted  into  ordinarj-  epithelial  cells  in 
the  course  of  twelve  deya.  Lcydig  found  in  ihc  akin  of  frcsli-water  fishes  goblet- 
shaped  organs  similar  to  the  taste-lmds. 

The  Klands  of  the  tongrue,  to  which  the  ninth  cranial  ne^^•e  sends  aecrctoiy 
fibcTC,  are  discussed  on  p    i^fi;    the  fulHcle*  lik-ewise 
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^^  There  arc  four  different  qualities  of  taste:  the  sensations  of  sweet, 

^^  bitter,  sour  and  salty.     Sour  and  salty  substances  irritate  also  the 

I  sensory  ner\'es  of  the   tongue.     In  greatest  dilution,    however,   they 

I  stimulate  only  the  endings  of  the  specific  nerves  of  taste.     In  all  proba- 

I  bility  a  special  perceptive  fiber  exists  for  each  quality  of  taste  (in 

I  accordance  with  the  doctrine  of  the  specific  cner^cs). 
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Th«  ^rcof  of  this  is  u  follows:   Oeltrwall,  and  after  him  Goldsclictder  anU 

H.  Schmidt,  found  tlutt  amonf;  the  furifpfonn  pnpillE  some  reacted  to  mgar, 
but  not  to  Lirtnric  ncid:  some*  to  uiiinin,  Init  not  to  tnrtitnc  acid:  and  some  to 
quinin,  but  not  to  sugar.  Ell■ct^l^aI  stimulation  uf  some  papillae  excitt'd  a  Utter 
tacte.  of  others  a  sally  taste,  and  of  still  others  a  Kweei  taste.  With  the  constant 
current,  the  pur^t  n^jntiun  nns  at  the  anode. 

The  leaves  of  Cymncma  sylvcstrc.  when  applied  to  the  tongue,  destroy  ihe 
acnsation  of  sweetness  and  bincmcM. 

Continued  stimulation  ol  taste  is  followed  l>^  fOicnoincna  of  [atif.'uc  for  the 
various  liistc-jcrswtions.  This  (act  may  be  readily  explained  by  the  assumption 
of  specific  end -apparatus  fnr  the  diflenent  cnt*gorieB  of  taste,  which  arc  present 
in  relativclv  different  numtjcr  on  the  various  papilla:. 

With  regard  to  the  character  of  the  stimulation  of  the  jjustatorj* 
nerves,  no  real  advance  has  been  made  since  the  lime  of  [>emocrittis 
(465  B.  C).  who  attributed  the  tastc-imprcssion  to  the  form  of  the 
tasting  atoms.  In  onk-r  that  a  gustatory  impression  may  bo  made,  a  solu- 
tion of  the  substance  in  the  fluids  of  the  mouth  is  necessary,  especially 
if  it  is  in  ii  solid  or  gaseous  state.  The  intensity  of  the  gustatory  sen- 
sation depends:  (1)  Upon  the  extent  of  the  surface  affected,  as  Camerer 
especially  showed  by  placing  the  substance  upon  i.  a.  3  or  4  cireum- 
vallate  papillie.  By  rubbing  the  substance  into  the  furrows  and  between 
the  papillae  (rubbing  movements  of  the  tongue  in  the  act  of  tasting) 
the  perception  is  facilit;ited,  (a)  The  concentration  of  the  sapid 
substance  is  of  great  importance.  Valentin  found  that  the  following 
series  of  bodies  ceased  to  be  tasted  in  the  order  -stated'as  they  were 
progressively  diluted;  sirup,  sugar,  salt,  aloes,  qiiinin,  sulphuric  aad. 
Quinin  can  be  diluted  ao  times  more  than  salt  before  it  becomes  tasicless 
(3)  The  time  that  elapses  between  the  ajiplication  of  tiie  substance 
and  the  appearance  of  the  sensation  varies  with  different  substances. 
Salt  is  most  quickly  tasted  (after  0.17  second),  then  sweet,  sour  and 
bitter  (quinin  after' o.ajS  second).  This  is  true  also  of  mixtures  of 
these  substances.  The  last-named  substances  produce  the  longest 
after-taste.  (4)  The  delicacy  of  taste  is  in  the  first  place  congenital 
(the  newborn  infant  is  said  to  be  able  to  distinguish 'jualitics  of  taste). 
but  it  can  be  greatly  improved.  Prolonged  tasting  of  the  same  substance. 
or  of  similar  or  of  strongly  tasting  substancts,  quidtly  imiiairs  correct  gus- 
tatory judgment.  (5)  The  sense  of  taste  is  greatly  assisted  by  the  sense  of 
smell,  and  the  one  is  often  confounded  with  the  other.  Thus,  musk  and 
asafetida  affect  only  tlie  oi;gan  of  smell  without  stimuLiting  the  sense 
of  taste.  Even  the  eye  is  capable  of  assisting  the  sense  of  taste  by  the 
excitation  of  conceptions  of  familiar  tastes.  Thus,  alternate  testing 
of  red  and  white  wine,  with  the  eyes  bandaged,  soon  results  in  uncer- 
tainty. (6)  The  most  suitable  temperature  for  taste  lies  between  10* 
and  35°  C.;  hot  and  cold  water  abolish  taste  temporarily. 

Ice  placed  on  the  tongue  supjircssca  temporarily  all  power  of  taste,  co- 
catn  only  the  bitter  taste,  chewing  the  leaves  0}  Cymnema  sylvestrc  the  bittrr 
and  the  sweet  tastes.  Two  per  cent,  sulphuric  acid  makes  water  taken  suboc- 
ciuently  taste  sweet.  Sugar  dissolved  in  a  tastclcsa  solution  of  salt  or  quinin. 
tastM  sweeter  then  when  dissolved  in  water.  Children  and  the  insane  who 
refuse  food  may  gometiincs  be  induced  to  partake  of  sutwiances  repugnant  to 
them  by  the  smell  of  an  agreeable  perfume. 

Electrical  Tasie-saiiaiiom. — The  constant  current  excites  an  acid  tensation 
at  the  ijositive  pole.  l>oth  on  closinjE  and  on  oprning.  as  well  as  during  the  passa^ 
of  the  current;  and  an  alkaline,  or  more  correctly  nn  astringent -burning,  Mmsaiion 
at  the  negative  pole.    Tbia  cannot  be  the  result  of  clceirol>-8J8  of  tbe  aaliv*.  for 
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evdi  wh«n  the  tongue  is  mAistcncd  with  an  ncid  solution,  thi>  ulkAlinc  1ftsl«  pcv 
sists  at  {he  negntivp  pole.  The  most  probable  explanation  is  that  eleclroljtes 
ue  iomied  in  the  interior  of  the  taeie-bud  thai  imtaie  the  end-organ  during  the 
pasuitc  oi  the  current.  Thi«  is  provt-ct  by  tlir  f.ici  that  lh«  taNte<M^nsatiuii  diaufp-s 
on  thff  use  of  ctirrents  of  different  teiistun.  so  that  it  is  ilcpemlpnt  upon  the  ions 
libenited  by  the  current.  Tlie  constant  current  hs  such  irritfucs  the  end-organs 
of  jhe  KU-tUttory  nervca  dircclly  «nlv  at  the  nmuu-nL  <if  cloAiire  and  nf  opcinne. 
Tbc  sensation  thus  produced  is  added  tv  the  prcccdini:«xciiatioii.  If  one  electrode 
is  placed  *>n  th«  tons^ic  and  Uio  other  (indiRcrent)  in  the  hand  the  following 
phenomena  appear:  Kalhodal  closure  and  the  paseyge  of  the  current  excite  no 
lajte-senEution  on  the  root  of  the  tonpie;  and  the  same  is  true  of  anodal  opening. 
I(.  bowevvr.  the  anode  is  placed  on  the  tonnut,  a  sour  laste  is  excited,  both  on 
doBure  and  during  the  passage  of  the  current,  and  aUo  on  kathodal  opening. 
On  the  tip  of  the  tongue,  and  on  its  middle  portion,  a  salty  or  a  hitter  taste  isexciied 
when  the  kathode  i«  placed  on  the  louKue.  uikju  closure  and  while  the  current 
i.t  passing;  |ikc»-isc  on  opcninjt.  when  the  anode  is  placed  tin  the  tcmguc.  No 
scn&ation  results  on  anodal  closure,  or  n'hilc  the  current  is  passing,  or  on  Kathodal 
ottoning.  Rapidly  intercuplcd  currents  cauac  no  taslc-scnicalion.  Applications 
of  cvcain  to  tne  tonRue  abolish  the  electrical  taste  temporarily.  The  cxpcnmcntn 
of  V.  Vintschgnii ,  wtiosc  taste  was  imperfect  at  the  tip  of  the  tongue,  showed  that 
the  electrical  current  never  excited  a  tasle-sensation  whci]  applied  there  [although 
a  distinct  tactile  jwnsationl. 

In  cx|)eriinents  on  Hftnigtchmicd,  who  had  normal  taste-si-nsatiini  at  tlie  tip 
of  the  tongue,  the  poiilive  pole  often  excited  a  metallic  taste  at  the  lip  but  not 
rarely  also  an  acid  tast<;;  while  at  the  negative  pole,  lastc  was  often  absent,  and 
when  pri'ieni.  it  was  alintwt  alwayn  alkaline,  exceptionally  acid.  It  i«  important 
to  note  that  after  interruption  of  the  current  a  metallic  aftertaste  could  be  rccog* 
niicd  >vith  b'jth  directions  of  the  current. 

Pathological. — niM-ases  of  thp  tongue,  coating  of  the  tongue,  and  dryness 
disturb  or  OMIt^  the  sensation  Subjective  tastes  are  common  amf^ng  iuKane 
or  nervous  patienlB.  proluibly  from  irrili.tinn  of  the  ]mychoj[iniiJic  center.  A 
bitter  taste  has  been  noted  after  poisoning  with  EL^mlfiiin.  bitter  and  acid  tastes 
after  Kiibcutanenus  injeciiurs  of  morphin,  fiymneniic  acid  is  t^apabte  o(  de- 
stroying Htibjwtivc  tastes  and  parageiisis. 

The  designations  hypi-rgfusis.  kypogritsh  and  ageusit  arc  applieil  respectively 
to  increase,  decrease  and  abolition  of  taste -sensations.  Many  fonns  of  tactile 
aiMjaatiun  on  the  tongue  nrc  confused  with  gurtatory  sensatiuiis.  fur  example 
so-called  biting,  cooling,  pricking,  sandy,  mealy,  pasty,  astringent,  bitter  tattes. 

Comparative,— In  cattle  lliere  are  as  many  as  i;6o  tiistc-bmls  to  a  circum- 
vallate  papilta.  A  large  taste-organ,  with  numerous  folds  ie  described  as  the 
foliate  papilla  in  the  lateral  poaterior  portion  of  the  tongue  in  rabbits  This 
has  an  analog  in  man  in  the  form  of  parallel  furrows  on  the  poatenilatenil  edge 
of  the  tongue,  the  fimbri-e  lingua;.  Reptiles  and  birds  have  no  laste-buds. 
which  are  numerous  in  the  gill-slits  of  the  tadpole,  although  ilie  tongue  of  the 
adult  friig  i.f  lined  wily  wilh  an  epithelium  siigue stive  (if  ta.itt-'cclts.  The  giiblet- 
shnped  organs  in  the  qiiilermis  of  fishes  nnd  tadpoles  nre  similar  in  slnicturc  to 
the  tastc-Duds,  and  probably  have  the  s^nic  function.  Taste-bude  are  present 
on  the  palate  of  the  car]),  and  in  the  mouth  of  the  shark  and  ray.  In  ii-iuatic 
amphibians  and  in  b»h,  the  tnd-orgau  o(  the  olfactory  nerve  is  probably  stimu- 
lated like  the  tante-buds,  that  ie  the  stimulation  takes  place  through  thv  action  of 
substances  dissolved  in  the  water 

The  tongue  of  the  cyclosiomcs  serves  a*  a  suction -apparatus,  while  in  other 
ftth  it  has  nu  intisculur  li<nte.  Salamanders  and  m<ist  of  the  batradiiariK  can 
extrude  the  tongue  fmrn  the  mouth  and  again  withdraw  it  In  many  of  the  lower 
vertebrates  the  cniogloasal  bone  serves  as  a  support  for  the  tongue,  while  in  tbc 
higher  foriUB  it  is  replaced  b>*  the  cartilage  or  the  neptum  of  tne  tongue.  The 
ncr^'c  endings  in  the  proboscis  (Hies),  jaw  and  tongue    (ants),  palate  and  cpi- 

fiharyiix  arc  the  scat  of  the  taste-organs  in  insects.     Taste-organs  have   been 
oun^  also  in  snails. 

Historical.— Bellini  considered  the  papilla  of  the  root  uf  the  tongue  as  the 

Sistati>r>-  organs  (ififi?).  Subcr  r<^poried  m  1760  as  to  electncal  taste-sensations. 
aur  was  the  first  to  describe  acciu*ately  the  course  and  the  division  of  the  musclee 
in  the  tongue;  and  Rudolphi  the  course  of  the  nerves  Elsi'tser  (iSi*)  showed 
that  the  sensation  of  taste  was  most  intense  Icir  all  substaiues  on  the  vallnic 
papilUe,  and   on   tlie  posterior  portion  of   the   lateral   margin  of    the  tongue. 
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Kichcmnd.  Fodcrik,  find  Maraconsidcrcdthv  liniruml  Dcncalonc  tol>c  tlic  gustal 
nerve  MaKmdm  shewed,  however,  that  afl^r  Mctifn  ol  this  n^rvc.  ihe 
port  of  th4.'  tf>nffuc  Trtaincd  its  taste -sensation.  Pamr.zn  (i&.u)  decign'oted  ttw 
glcssophar^iigrai  as  thv  guKtator)',  the  lingual  ss  the  tactilr.  urn!  thv  hypoglonsl 
as  the  motor  nerve  of  the  tongue. 
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TERMINATIONS  OF  THE  SEHSORY  PfERVES. 

Tbe  Uclilc  corpuscles,  di&covcicd  by  Mcissnvr  in  1S5J.  an:  ellipsoidal  in  ftToiJ 
fioni  40  to  3GO  "  l<->ti:;,  aiid  from  do  to  jo  «•  wide,  luid  they  lie  in  the  papillK  of  r' 
corium.     Tbcy  arc  obutidant  in  the  palm  of  the  hiind.  and  oti  the  tole  of  tlw:  ic 
likcwiet  on  the  finjjcrs  and  toes  (a  1  to  tach  sq   mm.  of  skin,  or  loK  for  each  ^c 
\*asculaf  papillir).     The/  arc  less  abundant  cin  ihr  hack  of  the  hand  aiid  frH>t,  oi>~ 

the  tn.immilla.  thp  lips, 
and  the  lip  of  tlw 
tongue:  rare  on  tho 
i;lans  clitondis.  isolated 
on  the  volar  aspect  of 
the  forearm  (also  in 
Anthropoid  apes  and  thoj 
raccoon). 

The   tactile  corpu»^ 
cles    have   in   tJitir   in- 
terior     an      rlh|t«ot<1al 
inner  bulh  coinDi 

nucleated  cpitbcualc 

The  suppfyins  ncrvt- ' 
TibiT  loses  the  sheaths 
of  Henlc  and  of  Schwann 
at  the  base  of  the  inner 
Imlb,  and  th««.-  m  turn 
liiirrrmnd  and  pnciosr  the 
bulb.  The  nerve-fibtT. 
at  lint  meduUatod.  then 
ntinnic^Lhilhilei] .  makes 
spiral  turns  around  the 
inner  bulb,  aflcr  whicb 
it  breaks  up  into  fibrils 
and  penetrates  the  bulb. 
Here  the  iaololed  ni.-n.'i.— 
fibrils  terminate  with 
nodular  enlar;^-mcnu 
Iwtwern  the  cclU  of  the 
bulb 

Arth.  Kollmami  di»- 
tinguijihes  Mpcciall^  on 
the  hand  three  princi- 
pal  tactilo  areae:  (1) 
The  fmger-tips.  where 
there  are  94  tactile  eorpuKCles  for  eaeh  10  mm,  of  length:  (»)  the  thrv« eminence* 
on  the  palm  behind  the  interdigital  spaces,  where  there  are  front  5  4  to  9.; 
tactile  corpuscles  for  every  10  nun.  of  length,  (3)  the  thenar  and  h\-i»>th<-nar 
eminences,  where  there  are  from  3.1  to  3.5  tactile  cotpuscles  (or  each  mm. 
The  first  two  areas  contain  also  numerous  comusclcs  of  Vater,  the  third  u<nty  a 
for.  On  the  remaining  surfaces  of  the  hand  the  nervouo  end-organs  arc  much 
less  QumcrouH. 

The  Corpuicles  of  Valet  and  Padoi  (Fig.  ,133)  arc  from  i  to  i  mm.  Ions,  and 
lie  in  the  Buficiitnncoii*.  tiiuiuc,  cftpccially  on  the  ner^-es  of  the  flexor  aipcct  of  the 
fingers  and  toes  (from  600  to  140ft),  in'the  mammillftry  region,  in  tli. 
hood  of  joints  .ind  mutcles,  on  the  interoMe<rti»  membrane,  on  the  j^er;-  ■• 

the  tcnduns.  im  the  pIcxuscK  of  the  abdominal  sympathetic,  at  the  skip  (i  me 


Pli^' J)>-^«<  VfmiiUt  iiatJIld:  t.  Kiuih-|i«|iilli;   i.  hLwd-t^wTh   J.  nrnr- 
librr  pMMiu  10  Ihr  tunilr  rorjiuKk:    r,  lidtlt  rorpuwli:    f.  nrm- 
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abduminal  u>rtA  and  of  the  coccy^al  [[land,  in  the  Dancivaus.  on  the  pcricardiiun. 
at  the  side  of  the  knee  of  the  facia]  Ticrve,  on  the  back  of  the  penis  and  of  Oi- 
ctitoris,  aa  well  as  in  ihe  mesocolon  of  the  cat.  Numercus  connective -tissue 
capsule*,  septiratcd  from  one  another  by  fluid,  hkethe  layer* of  on  onion,  surround 
the  homf.gcneon*  central  bulb,  which  is  tilled  with  nciiroplftsm  and  is  Un«d 
by  flat  epithelial  cells.     The  lamella!  of  tlic  cOTpuwlc  are  furmtd  by  hyiwrtrophy 


lasTt  tnilb  - 


-Bulbowi  tirdlint  ol  Ifav  ula'CjlimlB. 


\>i»^UBd»r. 


Cnofvtric  ttfff  ■ 


^-'  \*'  '■# 


UeduUalwl  n«*n^ril»r<  ■ 


Fla.  jj).— Vai(r-I'4i;liiiui  Carpuitk. 

Ol;^^djA£Jftycr  of  the  nervc-fibcr,  and  arc  composed  of  nucleated,  flat  celts. 
Tlrir -|B9Hbi^d  ncnc-tibcr.  which  enters  the  pedicle,  Icscs  its  myelin -sheaili. 
and  its  afteath  of  Sehwunn,  and  terminates  as  an  axis-cylinder  cither  in  a  sinclc 
or  IB  a  bifurcated  extrcmily.  with  a  «tight  lenninal  vnlorgvnient,  the  end-bulb, 
within  which  eneh  nene-librii  ends  in  a  most  dehcate  terminal  nodule. 

Krause's  longitudinal  «nd-bulbs  (Fi{;    535)  sk  found  in  the  conjunctiva  of 


Cdilt  (ram  which  lb'. 

•nd.bulb  it  lumml. 


ShMlli  wilb  Buclh  ■ 


.CcDLiifuatl  nttn. 


Ac-  5M.— Stiinitjd  Jiad-tnlb  to  it«  Mumsn  (ruBjuacim  tUif|fM«1h>. 


Fin     n«  — I^WMifudinJ 
cluuil  ihutS. 


^e  eyeball,  on  the  fUfor  0/  the  mouth,  at  the  marsin  of  the 

lips,  in  the  nannl   mucous  m^-mbrnnc,  on  the  epiglottis,  on 

the    fungiform    and    circuni vallate    i>apill«r.    on    the    glans 

I>enis    and   elitoridis.  in   the    tendilemma.  in   the  tendons. 

on    the  sole  of  the  (f't  in  man.  oil  the  plantar  Kurfaceu  of 

the  toes  (porpoise),  on  the  car  and  tmnk  Ctnousc}  and  in 

the  wing  o(  the  bal.     They  are  from  0.075  to  0,14  nun.  long 

and  are  probably  preaenL  in  allmaininals  m  the  cuti»  and  the 

mucous  mcmbranea  as  the  rcRulnr  fumi  wf  ncrve-cndinj;.     The  advenlitia  of  the 

doublc-««tt toured  fiber  nasscs  over  into  the  connective  tissue  covcnrj;  oflliv  bulb. 

the  sheath  of  Schwann  Ijeconie^  ihiekcned  and  it  develops  into  the  inner  bulb,  eon- 

siatini;  pf  cells  of  the  lonjptudinal  bulb      The  spheroidal  end-bulb«  in  man  <naxal 

mucoui;  membrane,  ennjunctiva,  mouth,  epiglottis,  folds  of  the  rectal  mucous 

membrane)  consist,  aceordinf;  to  Longn'orth  and  Waldeyer.  in  the  inlerior  of  a 
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fic.    lie. — Cnndnr-Unk*)   OviiuMk*: 
«,  arm  iKagut  tt  ih(  duck). 


sphericaJ  connrattve-tixsvc  shcHtli  of  muncrcma  closicl)'  erouped   oen*.  befmes 
which  the  Urminal  fibrils  o[  the  nerves  end  (Fig.  .i.u)'     ^  aldcytr  ccmpnrrs  these  < 
cells  with  those  of  the  Grandrj'-Wcrkcl  rorptisrlts.     TTwsc  structures  cvidcnilyj 
ure  cloeely  allied  to  tlie  }:ciiital  and  articulur  corpuecks.     The  tint  appear  to  XUti 
end-bulbs' [used  tof-cther  in  var>-ing  degree  in  the  ikin  of  the  glimt  pctwf.  nndl 

clitoridi*.  The  join(-eeirp«*cl«a  nrc  fountij 
in  the  Bvnovial  membrane  of  the  fineer-1 
joints:  tfivy  arc  iarger  than  the  end>baTb(i,4 
:iiiil  r:(1iil)it  (in  tliv  outer  tnirfare  numrmuCl 
oval  nuclei :  as  many  as  four  ncn'c*  pene- 
trate their  interior. 

The  Grandry-Merket  corpuaclea  occur 
in    the    so-called    waxy    covcntig  of    the 
hill,    and    in    the    tongue  of   dudu   and 
8»-ese.     They  are  Urpc  cells  with  it(>l>enca] 
nuclei    and' nucleoli,    surrotraded    hy    a 
tihroiu  ttheatb,  and  Iwtween  lh«in  a  naked 
ner^'o-flber  is  interposed    bv  means  of 
proioplaBraie   diw — UjetHe  disc.     Two 
more  ccltn  are  often  found  on  ton  of  oa| 
anothrt.   with    a  nerve-end   disc  DetwccnJ 
ihera.     When  a  number  of  such  cells  arc  placed  upon  one  anoiluT  and  side  by 
Hide  larger  structures  arc  produced  that  ap|>car  to  he  tniitsilicinal  formh  to  ttie 
tactile  c"rpw*cl««.     In  animals  there  ore  many  other  kinds  of  terminal  corpuscle* 
on  the  sensory  nerves:    The  tivptiulct  of  HerVi*t  in  birdfl,  resrmWinj;  icmiul  cor- 
puscles of  Vater,  with  lovigitudinal  striation  in  the  periphery  and  tntn^verse 
Mtriation  witltin.  but  trithout  a  dietinet  capsule:    the  taciiU  fonts  in  the  snoiitJ 
of  the  inolc  and  alliid  oniniaU:    the  tn/l-captu]ef  on  the  |)rnts  of  the  hedgvbni;.! 
and  on  the  tunguc  of  the  elephant:  the  laetile  bulbs  on  the  beak  and  the  tongue^ 
of  several  birds:  the  tirrvr-ringi 
in  the  auricles  of  the  mouse. 
Terminal   ganglion-ci-lU,   con- 
nected   with  cilia,   fonn    the 
tactile   orsan   in    the  rotifcra. 
cr\i8tftccans.  and  injecls. 

Thc  terminntinn  of  the 
nerves  by  means  of  most  dcli- 
ratc  lilirils  with  kiiob-hke 
ends  ((.crminal  niMlules5  be- 
meen  the  epitht-Iinl  cells  of 
the  cornea  has  already  been 
deacrilied  (p.  816).  A  similar 
arrangement  csiirta  ulso  be- 
tween the  cells  of  the  tpider- 
mis  and  between  the  epitneliid 
cells  of  the  ;jenital  organs. 
Ill  M-nsiiivf  Kiiualions  The 

Seripheral  ends  of  the  ni-rve- 
twrs  form  distinct  paielliform 
taciHe  duci  Uaciiie  tttftijci) 
within  the  epidermin.  and  upon 

them  the  lower  cells  of  the  Miilpighian  layer  are  placed        Thcs*  «rucl«i«« 
foiind  in  man  and  in  onima,l8.  for  example  in  the  snout  of  the  pig  (Fig.  3J7) . 

On  the  hairs,  which  are  in  many  places  connected  with  the  tactilu  apparatus," 
there  is  below  the  opening  of  the  sebaceous  gland  3  nrrwiiis  end-f>rg8n  tn  the 
cxlcnial   root-sheath,  consisting  <)f  Itmgimdinal   and  circular  tilnTS,   (omiing  a 
network.     Tactile  discs  are  present  in  the  cells  of  the  outer  root-sheaths  of  ibe 
tactile  cUia  in  marmiials. 


^^ 


Fn.  jit.— Tuulr  Ihi-.i  a.vM  Stmt  from  thr  KpUmni* 
(•ouul  ol  (hi  lac'.i.  ■,  (lilcttaal  ulli:  a.  utiJw  ctlU; 
H,  laclUxluiri;  u.amt. 


SENSORY  AM)  TACXaE  SENSATIOITS. 

The  sensory  nerve-trunks  conWia  two  functionally  different  sets  Of 
nerve-fibers,  namely:  (i)  Those  that  convey  painful  sensations, 
are  sensory  nerves  in  the  narrow  sense  of  the  word,  and   (2)    it 
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that  receive  tactile  imf>ressiotts ,  and  are  consequently  designated 
tifrves  of  touch  or  tactile  fibers.  Tactile  sensations  include  the  per- 
ceptions of  temperature  and  of  pressure.  Some  observers  assume  lliat 
the  sensory  and  tactile  nerves  jiossesK  separate  end-organs  .-ind  nerve- 
fiberi,  and  that  they  likewise  have  sjiccial  perception-centers  in  the  brain, 
although  little  of  a  definite  nature  is  known  in  this  connection.  This 
view  is  supported  :  (i)  By  the  fact  that  both  senson' and tai'liie  sensations 
arc  not  excited  at  the  same  time  in  all  of  the  areas  endowed  with  feeling. 
Tactile  sensations  (including  pressure  and  temperature)  axe  transmitted 
only  by  the  coverings  of  the  external  integument,  the  oral  cavity,  the 
entrance  and  lloor  of  the  nasal  cavity,  the  pharynx,  the  end  of  the 
rectum,  and  the  urogenital  openings;  feeble,  indistinct  sensations  of 
temperature  arc  appreciated  also  in  the  esophagus.  On  the  other 
hand,  tactile  sensations  are  wanting  in  all  the  viscera,  as  experiments  on 
men  with  fistulas  of  the  stomach,  intestine,  and  bladder  tench;  in  these 
situations  pain  alone  can  be  excited,  (a)  The  paths  for  the  tactile  and 
sensory  ner\'cs  arc  far  apart  in  the  spinal  cord ;  this  renders  probable  the 
assumption  that  also  their  central  and  peripheral  extremzties  are  dis- 
tinct, ii)  The  reflexes  (tactile  and  painful)  excited  \iy  the  two  kinds 
of  nerves  are  probably  controlled  or  inhibited  re.>ci>ectiveiy  by  special 
central  organs.  (4)  Under  pathological  conditions  and  under  the  in- 
tiuence  of  narcot- 
ics, the  one  kind  of 
sensation  may  be 
abolished,  while 
the  other  is  pre- 
8er\'ed. 


-^.-'^^ 


\'^a< 


•  A  n      ■■■*  ■■ 


IUiiiU<BtigBf      bctwMi 
iW  epiilitllil  iclU. 


KniiitiM  [BHtaf  to  Um 


■NcrvF-lnanlu. 
FK.  u^— Ncn««ndiDKi  in  the  Conjol  KpJIhclliin, 


f 


t 


Bier  Bcd  Hildc- 
brandt  found  in  thcm- 
solvc^thnt  (if  tcr  injec- 
tion of  cocain  mio 
the  tltiral  cavity  of 
ihf  spinal  cord,  thf 
Konsalinn  nf  pain  was 
abolished,   while   the 

nmsatton  of  touch  jicrsistcd;  tcnsations  «f  cold  tmd  hcut  were  pitsco'cd.  hut 
intense  hem  caiucd  no  pain.  According  to  anotlMr  viciw,  the  sensation  of  pain 
belongs  to  ijie  ncn'ts  both  of  pressure -Eensc  and  of  cimmon  sensntton,  and  lep- 
fMcnts  only  an  inereaw  in  th«  irritation  of  th«sc<ncrves. 

The  nerves  of  sensation  must  be  subjected  to  relatively  strong  irrita- 
tion in  order  that  pain  may  he  excited.  The  irritant  may  be  mechanical, 
electrical,  thermal,  chemical,  or  somatic,  the  last  in  connection  with 
inflammatory  processes,  nutritive  disorders,  etc.  The  nerves  arc  sensitive 
to  irritations,  not  only  at  the  peripheral  extremity,  but  also  through- 
out their  entire  course;  and  the  central  extremity  is  sensitive  to  irrita- 
tion by  pain  The  pain,  however,  is,  according  to  the  law  of  perif4teral 
perception,  always  referred  to  the  periphery. 

The  tactile  nerves  can  convey  pressure -sensations  only  as  a  re- 
sult of  moderately  strong,  mechanical  irritations  causing  differences  in 
pressure,  and  temperature-sensations  as  a  result  of  thermal  stimuli;  and 
in  both  instances  only  when  the  peripheral  end-organs  are  irritated.  If 
pressure  or  cold  be  applied  in  the  course  of  a  ner\'e-trunk,  for  example  to 
the  ulnar  in  the  depression  in  the  inner  condyle,  sensations  of  pain — 
never  of  touch — are  excited  in  the  peripheral  distribution.     All  intense 
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seosations  by  over-stimulation.  QnH, 


irritants  disturb  normal  tactile 
therefore,  excite  only  pain. 

V.  VintschKJiii  fliicovcrt-d  that  if  Iwo  vl^cthca!  tactile  tltinuli  »rc  ajijihrd  to 
th«  middle  of  the  forohGaii  in  succession,  a  shoriM  interval  o(  time  is  usually 
required  to  perceive  thcni  as  separate  (o.oii  stx.)  than  if  tbcy  arc  appUcd  to 
iJic  dorsal  surface  nf  ihc  lower  ann  (0.033  aec.). 

If  rapidly  tDterrupted  electrical  or  mecltanical  stimuli  which  can  still 
be  perceived  as  separate  irritations,  are  permitted  lo  act  on  the  skin, 
and  if  the  stimuli  are  then  suddenly  tcithdrawn.  a  new  sensation  arisen 
after  a  short  inrcr\'al  of  rest  This  si^cottdary  scusalion  appcftrs  as  a  short 
stinging  sensation.  It  is  supposed  to  lesuH  as  a  summation  within 
the  cells  of  the  sensory  paths  in  the  spinal  cord,  and  to  he  identical 
with  the  phenomenon  of  delayed  sensation  of  pain. 

The  law  of  specitic  energies  presupposes  the  existence  among  the 
cutaneous  nerves  of  different  fibers  with  difTercnt  end-orjrans.  which  con- 
duct the  various  forms  of  sensation  (pressure,  tempenture,  pain)  In 
fact  Blix  and  Goldscheidcr  have  found  such  fibers.  Electrical  stimula-' 
tion  causes  different  sensations  in  difTerent  minute  pimctate  areas  of  the 
skin:  in  one  place  pain  alone  is  perceived,  in  another  cold,  in  a  third 
heat,  and  in  a  fourth  the  sensation  of  pressure.  At  each  tanp^atmc' 
point  there  is  in  sensitiveness  to  pain  or  pressure.  The  fresfun-'piHtits 
are  much  closer  together  and  usually  more  numerous  than  the  tempera-] 
ture-points.  There  arc  also  special  paiti'points  and  tkkiish  points. 
These  sensory  points  are  arranged  in  linear  cliains,  which  usually  radiate 
from  the  hair-papills.  Ticklish  pciitts  coincide  with  the  pressure-points 
and  ptiin-points.  The  sensations  of  tickling  and  itching  correspond  to 
the  feehlest  irritation  of  the  nerve-fiber,  that  of  pain  to  the  strongest 
irritation.  The  pain-points  may  be  shown  by  the  needle  and  by 
electricity,  especially  in  the  wrinkles  of  the  skm.  in  whiclj  the  pressure- 
sense  is  absent. 

<toldscti eider  removed  snmll  pieces  of  his  own  «kin,  in  which  be  had  previously 
detennined  the  vanouc  poinU,  unil  exnmmcd  the  tissues  raicTOMWicnlly.  Al 
every  s«isor\'  |)oint  be  found  an  extraonJiriBT^-  number  of  nerves:  at  tJie  prcssure- 
potnts  ibcre  were  no  tactile  corpuscles. 

The  belt  way  of  testing  the  tactile  wnne  in  (reneral ,  according  to  E.  Hering,  is 
bymeaiMof  rumemus  rods,  wrapped  with  wire  of  different  si  w,  TlM-c«>ar3cwireis. 
naturally,  the  cosiest  to  distin^ish  <ui  account  of  its  uncvcnncu,  while  £inc  wire 
appears,  on  the  conlrar>-.  alnuec  smooth  when  thi;  tactile  itciiM:  ih  not  octitc,  1 
Tnt  different  portior.i  ff  skin  exhibit  varyinj  dejnf**  of  tactile  dtlicacy.  and  lb*/ 
may  he  ammgcd  in  the  following  ('rHrr,  from  \\\c  most  delicate  to  the  letul  dcljcatr : 
linger-tipK.  palin  of  the  hand,  itiferior  surface  of  the  toes,  back  of  the  hand,  flexor 
surface  of  tne  forearm,  buttocks,  extensor  surface  of  the  (orearm,  le];,  upiieT  arm. 
thigh,  scapular  region. 


SENSE  OP  SPACE. 

Man  is  able  not  only  to  distinguish  differences  in  pressure  or  in 
temperature  and  also  pain  as  such,  by  means  of  his  ner\'es,  but  also 
to  locate  the  point  where  the  impression  is  made;  this  faculty  is  designated 
the  spatial  sense. 

Method  of  Testing.— (t'l  Two  blunt  compaa-pointi  are  placed  at  didetvntj 
dislanceji  u)>i)n  thu  puniini  nf  skin  to  tier  rjiaTnincd.  and  the  greatest  distance 
is  detennined  at  which  the  twn  pi:iinis  ttrc  still  perceived  as  one.     Instead  of  iha 
compass.  Sievcking's  csthcsionictcr  may  be  used.    This  conxisia  of  two  pomta. 
one  fixed,  and  the  other  movable  on  a  scale  like  a  cobbler's  incasurc.     (s)  Witli 
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tlie  points  fixed  uc  «  distiinco  at  wliicrli  tbty  can  bv  prnx>ivc(l  as  scparaie  tbev  an 
moved  over  other  parts  of  the  skin,  and  the  subject  is  asked  whether  the  poinU 
Mem  to  tnovc  closer  or  (urthcr  apart.  (5)  Two  coinpaHsts  wiili  their  puinU 
scparittcf]  unequally  «rc  plauetl  on  two  dilTcrcnt  portions  of  the  skm,  and  the 
subject  is  asked  to  state  when  they  fvcin  to  be  equally  separated;  F«hn<t'i 
m9tH<fd  oj  eqiit\ja!ents.  Tbus,  a  separation  oi  iovc  lines  on  tlie  forehead  seems  to 
be  v<^uiil  tu  a  MTpitKilicn  of  a,^  Uoes  on  tiK  t^>per  lip.  Ciimcrcr found, is  general, 
that  the  sepamtion  of  the  potols  applied  to  a  p<>rticin  of  the  skin  cTidovM.~d  with 
delicate  tactJIe  scnsitjvciipss  is  cn^ivalent  lo  u  much  greater  srp&ration  in  a 
less  sensitive  area,  <4>  A  portion  of  the  skin  can  be  touched  witJi  a  blunt  rod, 
and  Die  Kuhject  with  tiis  eyes  closed  be  asked  to  indicate  exactly  whent  he  was 
toucheil. 


Tcatioit  Sfnizuon. 


Investigation  has  yielded  the  following  results;  The  spatial  sense 
in  a  given  portion  of  skin  is  the  more  highly  developed; 

1.  The  more  numerous  the  tactile  ners-es  that  ter- 
minate in  the  area  in  question. 

a.  The  greater  the  mobility  of  the  part;  hence  it 
is  tnost  delicate  in  the  extremities,  toward  the  fingers 
and  tcie.s;  also  in  parts  of  the  body  that  are  moved 
■ftith  Rreat  rapidity. 

3.  In  the  extremities  the  sensitiveness  is  greater 
in  the  transverse  than  in  the  lon^^nxis.  Itisone-eifihlh 
greater  on  the  flexor  surface  of  the  upper  arm,  and  one- 
fourth  greater  on  the  extensor  surface.  Likewise,  ihn 
flexor  surface  is  more  sensitive  than  the  extensor — 
one-sixth  more  in  the  upper  extremity. 

4.  The  method  of  application  of  the  compass-points 
has  an  iafiuence ;  (a)  if  they  are  applied  in  succession, 
instead  of  together,  or  if  they  are  considerably  wanner 
or  colder  than  the  skin,  or  if  they  are  unequally  warm, 
it  is  possible  to  distinguitih  a  separation  of  shorter 
distances;  (^)  if  the  examination  is  begun  with  the 
points  far  apart  and  the  distance  is  gradually  lessened,  it  is  possible 
to  recognize  shorter  distances  than  when  the  e-xammation  is  bef-un  with 
the  points  separated  by  an  indistinguishable  distance  and  the  distance  is 
gradually  increased;  (<:)  if  one  point  is  cold,  and  the  other  hot,  two  im- 
pressions are  felt  when  the  minimum  distance  is  exceeded,  but  it  is  im- 
possible to  determine  their  relative  iiosition. 

5.  The  spatial  sense  can  be  sharpened  by  practice ;  hence  its  delicacy 
in  the  blind,  and  the  improvcmtnt  is  always  Itilateral. 

6,  Mnistening  the  shin  with  indiffer- 
ent CluitLs  increases  the  delicacy  of  the 
spatial  sense,  If.  however,  the  skin  be- 
tween two  points  that  are  still  recognized 
as  separate  be  gently  tickled  or  be  tra- 
versed by  imperceptible  electrical  cur- 
rents, the  impressions  become  fused. 
The  spatial  sense  is  sharjiencl  at  the  kathode  on  applying  the  constant 
current,  likewise  by  congestion  of  the  skin  in  consequence  of  irritation, 
and  also  by  slight  stretching  of  the  skin ;  further  after  carbonated  baths 
or  warm  sodium  chlnrid  baths,  and  temporarily  by  the  use  of  caffcin. 
J.  Anemia  (induced  by  elevation  of  the  extremities)  and  venous 
hyperemia  (induced  by  compression  of  the  veins)  impair  the  spatial 
sense;  likewise  too  frequent  repetition  of  the  tests  (as  a  result  of  fatigue). 
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The  same  influence  is  exerted  by  the  application  of  cold  to  the  skin,  by 
the  action  of  the  anode,  strong  stretching  of  ihe  skin,  forexainjile  of  the 
abdominal  walls  during  ]>regnanc'y,  likewise  previous  exertion  of  the 
muscles  situated  beneath  the  cutaneous  area;  as  well  as  certain  poisons; 
atropin,  daturin,  morphin.  slrjThnin.  alcohol,  potassium  bromid, 
canuabin.and  chloral  hydrate. 


The  shortvM.  tlisLuncrs  ui  aiillimc-tcrs  ;it  which  two  cmnpa^s  points  were 
recognised  as  scparutc  by  on  adult  aic  fis  follows  (the  siiologoiis  tigurcs  for  a 
boy  Iwclvoyt^rsold  arc  encloacd  in  jiarvnthtsis):  Tjpof  tbetonsutf  i.i  mm.  (i.i}. 
pnlmar  (utpcct  of  the  third  phalanx  of  the  lingor  i-i-s  (i-?);  red  part  vi  the  Up 
4-5  (J'9)t  pnlinar  oiipcct  of  thcKcc-^id  phalanx  of  the  linger  4-4.5  (3.9* :  palmar 
aspect  of  the  lint  phalanx  o(  the  ting<.T  s-5-5.  dorsal  aspect  of  thv  third  piial«ns 
of  the  tmger  0.8  (45):  tip  of  the  aose  O.S  (4-S);  palmar  aspect  of  tlie  heaA  of  ■ 
metacarpal  Iwjiie  5-5. 5-0. S  (4.5):  thenar  eniinwirt  G-S"?-  hypoih^-nar  eminence 
5-5-6;  middle  "f  tbi.'  palm  of  tlie  liand  ft-oi  middle  ami  bordi-r  of  the  hacl;  of  the 
tongue,  while  pan  of  the  lips.  niclBCarpiis  of  the  thumb  9  ((■»);  plantar  ai'pcct  of 
the  third  phalanx  of  th<!  great  luc  ti.j  (C.^)i  dorsal  oepuct  of  the  oecofid  nhalaiut^ 
of  a  fmKcr  (I.3  (9);  chcclc  11. 3  (9)^  eyelid  11.3  (9);  middle  of  the  hartl  palate 
iJ-5  (ii'3)>  paimar  aii{>cct  of  the  lower  third  of  the  forearm  ij;  skin  over  tbc 
front  ^art  of  the  xygnnia  tj  8  (1 1 .3) ;  plantar  aspect  of  th«  metalarMil  tion«  of 
the  toe  [5.8  (g>;  dorsal  aspect  of  the  lintphalatn  of  a  linger  1 1  S  (9K  dorsal  aspect : 
of  a  metacanial  lione  18  (13.5).  inner  axpect  of  lip  30.3  (M.5).  xkui  over  ibr  pa«>' 
terior  part  01  thexyeoma  >3.o<is.8):  lower  portuni  of  the  forehfad  aa.t  (iS);  pa«- 
lerior  portion  of  theheel,  »a.o  (10.3);  lower  portion  of  the  occiput  j;.i  (31  ol;  tiack 
of  the  hand  31.6  (?3.6);  subincnial  region  ^3.8  in  o):  top  of  the  ht-ad.ii.S  (j»,6l; 
patella  36,1  (31.6):  sacnim  and  Klutoit  rrtnun  40.6  (33  b);  forrarm  and  Ic^  40  f> 
(36.1);  DSK^  of  the  foot  near  tlie  Iocs  40.6  (36.1);  slcmuin  45.1  (33.8);  upper  por- 
tioii  of  tlic  neck  54,1  (ifi.t);  spioc  (titb  dorsal  vertebra) .  loner  donal  and  lurabar 
54.1 ;  middle  portion  of  the  neck  67.7:  arm,  thigh,  and  middle  of  the  littck  67.7 
(|r.«-4o  6), 

Bjr  experimenting  according  to  method  4  (p.  995).  it  is  found  that  the  spatial 
sense  ifl  lit'Si  developed  in  the  face  and  in  the  furrows  of  the  finger-joints;  then 
follow;  thv  pulm  of  ihc  hiind,  llie  hack  of  the  hand  (error  as  high  nf  1)  L-nt.i,  lhei 
ntck.lht  arm  (error  \ip  10  1  cm),  the  clavicular  rc(non.  tin- up^vr  ana.  thralKjomen 
(error  up  to  3  cm.),  iiic  chest,  the  back  of  the  foot,  the  leg  (error  up  to  4  cm.). 
thigh  fcirrrt-  up  to  7  cm.).  The  touching  of  one  toe  is  tiften  ctdifuAeil.  rre^nant 
women  Iiicalijc  poorly  iiyua  the  abdomen. 

lUiwions  of  the  tpatial  lemc  arc  quite  coounoa.  .The  most  ttrikiog  arc:   (1) 
A  unilomi  mo\-*ment  over  the  surface   of  the   (kin   SMmB  to    Iw  more  rapid 
on  those  part*  that  pouess  the  moat  delicate  spatial  sense.     (>>  If  the  man' 
be  merely  touched  by  two  compa»; -points,  they  xeem  further  apart  than  wbenj 
they  are  stroked  over  the  skin,      (3I    A  sphere  provided  with  short  hkJs  appe«n| 
larger  thaii  one  with  long  rods.     (4)  When  two  fingers  are  crossed,  small  OG>iect«< 
plated  lietwecn  them  *eem  to  be  doubted  (Arisioile's  exiJennw-nil.      (5)  If.  now-^ 
ever,  the  terminal  phalanges  ut  two  lingers  arc  first  touched  in  the  normal  pusilion 
of  the  lingers,  and  then  the  same  places  when  the  lingers  arc  crossed,  the  two  points 
touched  seem  to  He  in  the  same  rclati\'c  poeition.      (6)   If  Saps  of  skin  arc  trao6- 
plantcd.  forexainplvallap  with  u  pedicle  irtMti  ihe  forehead  to  the  noM,  the  patient 
will  oltcn  iot  iinjnths  haw  tlie  ft-oling  in  thu  new  portion  of  the  noice  a«  though  it 
were  iho  forehead,  providing  the  nerves  of  the  forehead  remain  inliu-t 

Many  attemj>i4  have  been  made  to  explain  th«  phenomena  of  the  spatial 
Bcnse.  E.  H.  Vlcb(>r  started  from  the  aitsumption  that  one  and  the  lame  ueri'v 
fiber,  passing  from  the  brain  to  the  skin  could  receive  and  trfuismit  only  one  kind 
of  impression  within  the  area  supplied  by  it.  He  gave  the  name  of  rciunn'  iinlt 
to  each  region  of  the  skin  lo  which  a  single  fitcr  was  distributed.  If  t»i' 
impressions  act  simultaneously  upon  the  tactile  apjiaratus,  they  are  rcco^itcd 
as  double  if  one  or  mon  sensory  circles  lie  between  the  two  poinU:.  This,  int^r- 
prelation,  based  on  anatoniieal  considerations,  enitnot  i>e  reccncilcd  with  the  fuel 
that  the  circlei  of  sensation  may  he  reduced  in  sixe  by  practice,  and,  further. 
that  only  on*  seiw.ition  arises  whVn  the  two  points  are  so  applied  that,  allhoiigH' 
further  apart  than  the  diameter  of  such  a  circle,  they  at  linivK  lie  u|»on  two  aid* 
joining  circles,  and  at  other  times  upon  two  other  circles  separated  by  a  thifd. 
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Following  Lotie,  Wvmdt  ftssumcA  from  a  psych ophysiolo^icAl  siandpfMnt  that 
each  area  of  ibe  Rkin  sends  to  the  brain,  logctnor  with  laciile  impreBSiona,  informa- 
tion as  to  the  lociUiiaiion  of  the  «cnantion.  Heiicv,  each  area  i*  ablo  tu  give  to 
the  tactile  «cns»tinn  a  local  aytarittg.  which  it  made  use  of  as  a  taca!  tign.  Wundt 
assumes  that  this  local  coloring  vjiries  from  point  to  point  of  the  slcin.  The 
gradaiion  is  abrupt  on  those  |>aris  of  the  skin  in  whic:h_UK  spatial  sense  is  highly 
acvclopcc).  but  gradual  in  those  whrre  it  is  cumpanittvcly  poor.  Separate  im- 
pressions become  iuscd  wherever  the  gradation  of  this  local  coloring  is  impcf 
ceptiblc.  As  it  is  possible  by  e.\vn*ise  aod  attention  to  distin^uiah  di&reaccs 
of  scnsMion  that  eannot  ordinarily  be  iifwn-ciatrJ.  the  reduction  in  the  sixe  of 
the  circles  of  .wnsation  by  practice  can  be  thus^cxpLiincd.  The  circle  of  sensation 
is  un  area  of  skin  within  which  the  local  coloring  of  the  sensation  )s  bo  little  changed 
that  two  separata  impressions  are  fused  into  one. 

Loeb  hzs  made  experiments  upon  the  lacltU  area  of  tiie  hand,  that  is  the 
total  number  of  points  that  an  individual  can  reach  with  the  tip  of  tile  fiTcfinger. 
without  change  in  the  position  of  the  body.  If.  with  closed  eyes,  the  hands  arc 
moved  along  a  cord  stretched  transversely  lo  the  right  and  the  left  respectively, 
an  ineqtuility  vrithin  the  distance  traverMMl  w-ill  l)t:aiiparent:  in  Hehl-handcd  per- 
sons IhedistAnce  tv  the  right  >s  generally  smaller,  nndut  left-handed  tbedistanceto 
the  left.  Nervous  patients  often  exhibit  marked  deviations.  In  the  attempt 
to  make  movements  of  the  same  ex  tent,  the  movement  executed  will  be  thcsnuiUer 
the  more  the  muscles  are  already  contracted.  The  perception  of  tin-  siiie  and 
IhB  directum]  of  voluniarj-  movwncnis  d«-pends  upon  tin;  voluntarj-  impulse  sent 
to  the  muscles. 


THE  PRESSURE-SENSE. 

Through  the  pressure-sense  information  is  ubtained  as  to  the  amount 
of  weight  placed  upon  the  skin;  v.  Frcy  considers  the  hair-nerves  and 
Meissner's  corpuscles  as  the  organs  of  the  pressure -sctisc.  The  pressure- 
sense  is  subserved  by  spevihc  nervous  end-ori:ans  having  a  punctate 
arrangement.  These  pressure-points  possess  different  degrees  of  sen- 
sibility ;  in  many  places  (such  as  the  back 
and  the  thigh )  they  arc  characterized  by 
an  especially  marked  after -sensation. 
The  distribution  of  the  points  corre- 
sponds to  that  of  the  temperature- 
points.  The  chains  of  pressure-points 
usually  take  a  diflcrcnt  direction  from 
that  of  the  hot  and  cold  points;  jn  gen- 
eral their  density  is  greater;  but  this 
varies  in  different  regions.  In  places 
provided  with  hair  the  number  of  pres- 
sure-points does  not  correspond  cxacUy  with  the  numhcr  of  hairs,  but 
the  points  always  lie  in  circles  around  the  hairs.  Hence,  the  hair  when 
totiched  can  also  transmit  the  pressure-sensation,  as  it  presses  like  a 
lever  on  the  ner\'es  of  the  root-sheaths.  The  smallest  distances  at 
which  two  pressure-points  applied  simultaneously  can  be  felt  as  double 
have  been  found  to  be  as  follows:  on  the  back,  from  4  to  6  mm.;  on  the 
chest,  0.8;  on  the  abdomen,  from  1 .5  to  i;  on  the  check,  from  0.4  to  0.6; 
on  the  arm.  from  0.6  lo  0.8,  on  the  forearm,  from  0.5  to  i ;  on  the  back 
of  the  hand,  from  0.3  to  0-6,  on  the  palm  of  the  hand,  from  o.i  to  o.j; 
on  the  palmar  aspect  of  the  distal  phalanx  of  a  finger,  o.i;  on  the  dorsal 
aspect,  from  0.3  to  0.5;  on  the  leg,  from  0.8  to  a;  on  the  back  o(  the  foot. 
from  0.8  to  I ;  on  the  sole  of  the  foot,  from  0.8  to  1  mm.  In  the  parts 
of  the  body  devoid  of  hair,  the  tactile  corpuscles  are  supposed  to  transmit 
the  pressure-sensation. 


:^- 
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Hetlioii  of  ExanuoAtioa.^ti)  WciEhtK  of  dUTerent  amount  arc  placed  sac- 
ccssivclyon  the  ports  of  tlic  sldn  xo  \xi  tested,  and  the  tubiccl  u  asked  to  form  ani 
estimate  of  the  JilTervncca  in  pressure.     In  order  to  exclude,  ho  far  &s  poMabl«,' 
the  influence  of  temperature,  displacement  and   ineijuolity  in  application,  the 
nreA  of  skin  nhould  be  prcviouKlv  covered  hy  a  plate,  which  is  alloiK«d  to  ren^ain 
throughout  the  cwKTiment      The  inrtm-ncr  of  the  muscular  aense  must  also  b«i 
eliminated.     (»)    A   projecting  arm   from  a  scale-beam  is  placed  on  the  skin,1 
and  by  the  addition  or  removal  of  meiii^hiit  the  dllTeiences  in  prewtun!  are  Wamtdl 
that  the  suhjeel  is  capable  of  estimating      di   In  order  to  avomI  the  troublesofncl 
changing  of  weights  A,  Eulenburg  consirucud  his  borrsihfsiomcler.  an  apparatui' 
constructed  upon  the  principle  of  the  spiral-spring  balance.     It  is  provided  with 
a  small  button  directed  downuard,  which  is  deprciocd  bv  the  force  of  the  spring. 
An  indicator  marks  dirrctly  the  pressure  in  ^aitu,  and  this  can  at  once  1>e  readiljr, 
varied,      (4)   lj"tt«  employed  n  pidsatiny.  elastic  tube,  in  which  waves  of  different) 
height  could  be  produced.     He  determined  how  high  they  had  to  he  before  Iheyj 
were  iwrceived  as  iiulsu-waves  on  the  diSurent  areas  of  skin  on  whtch  the  lubij 
vas  placed.     (5)  The  mtrcHnal  ptfuttre-htiianca  constructed  by  the  author satis> 
Gcs  all  requirements  completely  <Fiz.  *4a). 

A  scale-beam  (W)  resting  on  inifc-bladcs  (O  0>  ia  supported  on  the  boritontal 
arm  0>)    uf  a  heavy  aland  CT).     One  arrn  of  the  Kale  powvsses  a  thread  (m) 
on  which  a  balancing  wcii:ht  (S)  can  be  moved  to  and  fro.     The  other  arm  (d), 
which  passes  verticallv  upward,  terminates  in  a  graduated  lube  <R)-     Krtxn  tin 
latter  there  projects  downward  a  pressure -but  ton  (P),tO  which  weights  (G)  caul 
be  added  at  will,  awd  which   rests   upon  the   area  of  skm  to  be  tested   (H^.J 
Fritm  B  buret  ^B)  near  by.  which  ik  sujjjiortcd  on  an  upright  (Aj,  merctiry  dUftl 
pass  through  the  hollow  ami  of  the  Mrnlc.  iti  the  direction  of  the  arrow,  and  mount 
upward  in  the  tube  (R),     A  tliin.  readily  movable  piece  of  rubber  tubing  connecti 
the  arm  (0)  with  a  fixed  glass  tube,  and  the  letter  pusses  subsequently  to  tbC , 
rubber  tube  (D  D)  of  the  buret.     If  the  cocl<  (hi  is  closed,  the  mercury  moves' 
onward  in  d  and  rises  in  R,  thus  increasing  the  pressure  of  the  button  (P)  when- 
ever preMure  is  made  on  the  tube  (D  U).     Tlic  weight  of  the  mercur>'  bUing  o»i« 
divi*i!'n  ()(  the  tulie  (R)  is  known.     The  apparatus  |>ermi(s,  without  any  asitaticaj 
whatever,  nf  rapid  or  slow  variation  m  pressure,  with  anv  selected  initialwei^lri 
(through  C)      in  the  fi^re  a  indicates  a  screw  for  var>^ng  the  position  of  thel 
supporting  arm  (b):   I  is  an  arrangement  with  two  screws  to  prevent  the  tcale- 
arm  from  tipping  over.     The  more  extensivrly  pTrssuir  is  made  nipoti  the  tube 
(D  D),  the  greater,  naturally,  will  \ic  each  increase  of  pressure.      By  raising  the 
buret  tB),  if  h  is  open,  the  pressure  can  also  be  increased. 

If  P  ia  at  first  supported  the  inrrcur>'  can  In-  alloned  to  rise  in  R  to  dlfTcrent 
hciirhts  (in  order  lo  produce  different  amounts  cj  pressure),  and  after  closing  tfccj 
COCK  (h),  the  pressure  of  the  button  can  be  permitted  to  act  suddenly  by  ctuicklv 
releaUng  its  support       In  general,  those  methods  are  to  be  prefvrTcd  in  whtei 
the  different  pressures  act  at  distinct  intervals  of  time,  instead  of  allowing  thel 
original  pn-j-'siirtT  to  iiiCR-ave  or  decrease  grndually,  l^ceauKc  in  the  latter  method, 
the  cutaneous  nerves  an.-  gradually  fatigued.     Both  the  pressure- sense  and  the 
temperature-sense  <to  be  discussed  presently)  may  be   most  reliabl>-  tested  by 
the  principle  of  the  least  oerccptiblt-  diflerence,  that  is  by  pemutt:n^  diffcrmtj 
pressures  (or  lemperntuivjO  to  act  in  graduaird  order,  commeiKrinj;  cither  witU 
great  ditfcrcnccs  or  with  the  Emallcst   ones,  imd  seeking   the  limit  at  which  or' 
within  which  a  positive  tccognilion  of  the  diRcrence  talces  place. 

The  results  of  the  investigations  of  the  pressure-sense  are  as  follows' 
I.  The  minimal  pressure  that   caa   just  be  perceived  on  diSeretit 
parts  of  the  body  varies  greatly  in  accordance  with  the  locality.    The 
most  delicate  areas  are  the  forehead,  the  temple,  the  hack  of  the  hand,, 
and  the  forearm,  which  perceive  a  pressure  of  0.00?  gm.     The  tingct 
do  not  recognize  a  pressure  of  less  than  from  0.005  *^o  0.015  gm.;  the^ 
chin,  the  abdomen,  the  noso  a  pressure  of  less  than  from  0.04  to  0.05 
gm. ;  nor  the  (inger-nails  of  less  than  1  gm.     In  order  to  test  the  pressure- 
sense  of  individual  small  points,  thev'  may  he  pressed  upon  with  a 
flexible,  clastic  hair.    The  most  delicate  pressure -sensations  in  the:i«J 
situations  were:  the  face,  as  low  as  0.0007  E^  •  the  arm  and  the  leg/ 
as  low  as  0.013  gm.    Pressure  is  more  readily  perceived  when  applied 
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suddenly  than  when  gradually  increased.     Decrease  of  pressure  is  less 
readily  perceived  than  increase. 

2.  Intermittent  variations  of  pressure  are  more  readily  recognized 
than  light  pressure,  rapid  variations  with  more  difficulty  than  those 
occurring  at  longer  intervals. 

The  greater  the  sensitiveness  of  a  portion  of  the  skin  the  more  rapidly  may 
individu^  impulses  or  blows  follow  one  another  and  yet  be  perceived  as  separate: 
on  the  postenor  aspect  of  the  thigh  52,  on  the  back  of  the  hand  61,  on  the  finger- 
tips 70  impulses  in  a  second. 

3.  Differences  between  two  weights  are  perceived  by  the  finger- 
tips when  they  are  in  the  ratio  of  29  ;  30  (by  the  forearm  when  the  ratio 
is  18.2  :  20). provided  that  the  weights  are  not  too  light  or  too  heavy. 


Fii..  .i4i- — Landoit'  MErrurul  PrnMirc-baUncc. 

Ascending  from  light  to  heavier  weights,  the  accuracy  in  distinguishing 
between  two  weights  increases  at  first,  and  then  decreases  rapidly  for 
heavier  weights.  This  observation  is  contradictory  of  the  psycho- 
physical law  of  Fechner. 

4.  A.  Eulenburg  found  the  following  gradations  in  the  accuracy  of 
the  pressure-sense:  the  forehead,  the  lips,  the  back  of  the  tongue,  the 
cheek,  and  the  temple  showed  differences  of  from  -j\  to  g^  (from  200  :  205 
to  300  :  310  gm.).  The  dorsal  aspect  of  the  last  phalanx  of  the 
fingers,  of  the  forearm,  of  the  hand,  of  the  first  and  second  phalanges, 
the  palmar  aspect  of  the  hand,  and  of  the  forearm  and  the  arm  perceived 
.19 
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difFerences  of  from  ^  to  ^^  (from  aoo  :  220  to  100  :  210  gm.).  The  anterior 
surface  o(  the  leg  and  thigh  resembled  the  forearm.  Then  followed  the 
back  of  the  foot  and  of  the  toes;  the  sensitiveness  was  much  less  on  the 
plantar  aspect  of  the  toes,  the  sole  of  the  foot,  and  on  the  posterior  aspect 
of  the  thigh  and  leg.  Dohrn  tried  to  determine  the  smiUIest  increase  of 
weight  that  in  the  presence  of  a  weight  of  1  gm.  could  be  appreciated  by 
different  portions  of  the  skin.  This  was  for  the  tliird  phalanx  of  the 
finger  0.499  S^'  ^'^'^^  back  of  the  foot  0,5  gm..  the  second  plmlanx  of 
the  finger  0.7;:  gm..  the  first  phalanx  0.8]  gm..  the  leg  i  gni  .ihe  Ivack 
of  the  hand  1.156  gm.,  the  palm  of  the  hand  i.oiS  gm,  the  patella  1.5 
gm..  tlie  forearm  1.99  gm..  the  sternum  .j  gm..  the  umbilical  region  3.5 
gm..  the  back  3.8  gm.  The  delicate  lanugo-hairs  of  the  skin  are  espe- 
cially sensitive  to  pressure. 

5  Too  long  a  time  must  not  elapse  between  the  application  of  two 
weights,  but  as  much  as  100  seconds  may  elapse  if  the  difference  in 
weight  is  in  the  ratio  of  4  :  5. 

6.  The  aftLT-efTect  in  connection  with  the  pressure-sense  is  especially 
pronounced  when  pressure  of  cyjn-siderable  amount  is  applied  for  sotno 
time.  Even  slight  pressures,  however,  when  applied  repeatedly  and 
successively,  must  be  separated  by  intervals  of  at  least  from  ^-f  to  »4» 
second  in  order  to  be  pt-rccived  individually.  More  rapid  succession 
causes  confusion  of  the  impressions.  Valentin  found  that,  when  he  held 
the  finger-tip  against  a  wheel  set  'n'ith  blunt  teeth,  he  had  the  impivssion 
of  a  smooth  edge  if  the  teeth  struck  the  skin  nt  the  inter\'als  mentioned; 
when  the  revolution  was  slower,  each  tooth  excited  a  separate  pressure- 
sensation.  Vibrations  of  strings  are  recognized  as  such  when  tbey 
make  from   1506  to   1552  vibrations  in  the  second. 

7.  It  is  remarkable  that  pressure  effected  by  thoroughly  uniform 
compression  nf  a  part  of  the  body,  for  example  by  immersing  an  arm 
in  mercun.^  is  not  perceived  as  such;  the  ^ngcr  dipped  in  mercury* 
perceiv-es  the  pressure  only  at  the  limit  of  tlw  fluid  on  the  palmar 
surface  of  the  Jinger. 

8.  The  points  that  are  sensitive  to  pressure  are  also  sensitive  to 
traction.  If  pre.ssure  and  traction  are  applied  alternately  to  the  same 
area  of  the  skin,  the  distinction  is  possible  only  when  the  irritation  has 
a  certain  extent,  duration  and  intensity.  Traction  (acting  somewhat 
as  a  negative  pressure)  is  tested  by  the  application  of  s-mall  pieces  of 
plaster,  which  can  be  drawn  upon  by  means  of  a  thread.  The  forehead 
and  the  temple  are  capable  of  retogni»ing  o.oj  gm.  of  traction -force, 
the  finger-tips  and  the  lower  lip  0.5  gm.,  the  forearm  9  gm..  the  leg  30 
gm. 

THE  TEMPERATURE-SENSE. 

Through  the  tcmpcrature-scnsc  information  is  obtained  as  to  the 

varialioDS    of    the    lemperalurc    of    the    surface    of   the    body.      The 

tem^ierature-sense    is   subser\'cd    by    specific    nerve-endings    ha^^ng  s 

punctate  arrangement.     These  tntifcntlMrc-p^i'tis  are  .irranged  in  rhams 

or  lines,  which  usually  are  slightly  curved.     Thcv  radiate  from  certAio 

•  "<  the  ftkin  (chiefly  from  the  roots  of  the  liairs).    The  chains  of 

do  not  coincide,  as  a  rule,  with  those  of  the  htai-fcats. 

ve  the  same  areas  of  radiation.    These  lines  of  pomu 

complete,  but  are  indicated  only  by  isolated  points. 
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between  which  points  of  another  sensation  are  frequently  interposed. 
In  this  way  mixed  punctate  chains  arise.  Near  hairs  there  are  almost 
always  temperature-points;  in  areas  of  the  skin  with  feeble  temperature- 
sensibility,  the  temperature-points  are  present  only  near  the  hairs. 
According  to  Abrutz  the  cold-points  are  situated  more  superficially  in 
the  skin  than  the  heat-points;  according  to  v.  Frey,  Krause's  bulbs  are 
the  organs  for  the  perception  of  cold,  the  nerve-plexus  that  for  the 
perception  of  heat. 

The  heat-points  are  larger  than  the  cold-points ;  the  slightest  mechani- 
cal irritation  of  the  latter  excites  a  sensation  of  cold.  The  cold-points 
react  to  feebler  electrical  stimuli  than  do  the  heat-points;  chemical 
irritants  also  are  capable  of  exciting  the  heat-points.  The  feeling  of 
cold  occurs  at  once,  that  of  heat  appears  gradually. 

A  gentle  touch  is  not  perceived  as  such  at  the  temperature-points, 
which  seem  to  be  anesthetic  for  pressure  and  pain.  In  general,  the  cold- 
points  preponderate  upon  the  entire  body,  and  they  are  denser,  while 
in  many  places  the  heat-points  are  entirely  wanting.  With  regard  to 
the  degree  of  sensibility  the  points  may  be  divided  into  those  that  are 
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Via.  iAi.—A  Cold-poiiits;  B  heU-pnuils  on  the  palmar  aspect  of  the  distal  phalanx  of  the  mdea-bngD'  to  the  marnn 
of  the  nail  (Goldsdieidcr).  C.  Cold-pcHnIs  and  D  hf  at-painti  on  the  radial  hali  of  the  donal  aspect  of  the 
wriil  (the  atiow  indicales  the  direction  in  which  the  hair  poinli  (Goldscheider), 


extremely  sensitive,  those  that  are  moderately  so,  those  that  are  slightly 
so,  and  those  not  at  all  sensitive.  It  is  possible  to  indicate  the  intensity 
of  the  temperature-stimulus  and  the  point  where  it  is  applied.  The 
heat-points  are,  on  an  average,  perceived  as  double  at  greater  distances 
than  the  cold-points.  The  minimal  distances  upon  the  forehead  are 
for  the  cold-points  0.8  mm.,  for  the  heat-points  from  4  to  5  mm.,  on  the 
chest  the  respective  values  are  2  and  from  4  to  5  mm.,  on  the  back 
from  1.5  to  2,  and  from  4  to  6,  on  the  back  of  the  hand  from  2  to  3  and 
from  3  to  5,  on  the  palm  of  the  hand  0.8  and  2,  on  the  thigh  and  leg 
from  2  to  3,  and  from  3  to  4  mm. 

For  testing  the  heat-points  and  the  cold-points  a  pencil-shaped 
metallic  rod  heated  to  from  45°  to  49°,  or  cooled  to  15°,  is  employed. 
When  the  cold-points  are  lightly  touched  only  the  cold  rod  is  felt  and 
as  cold ;  and  only  heat  is  appreciated  by  the  heat-points.  Both  kinds 
of  points  are  insensitive  to  lightly  applied  objects  of  the  same  tempera- 
ture as  the  skin. 

The  determining  factor  with  respect  to  temperature-sensibility  is, 
according  to  E.  Hering,  the  temperature  of  the  thermal  end-organ  itself. 
Whenever  the  temperature  of  the  latter  in  any  part  of  the  cutaneous 
surface  is  above  its  own  zero-temperature,  that  is,  its  normal  temperature, 
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there  will  be  the  sensation  of  wannth ;  under  opposite  conditions,  the 
sensation  of  cold.  The  greater  the  deviation  of  the  ihennal  apparatus 
from  its  zero-temperature,  the  more  distinct  or  the  more  intense  will 
be  the  sensation  of  heat  or  cold.  The  zero-point  may.  however,  be 
displaced  quite  rapidly  withm  certain  limits  .is  a  result  of  external 
conditions. 

Uethod  of  Examiiuitioii. — Areas  of  tbe  skin  are  successively  touched  with 
objects  of  (lifli-rcnt  temperature,  ot  equal  size  and  posuuing  equal  beat-eoo- 

ducting  powers,  (i>  Nolhnagpl  emplm-s  for  lhi«  p«rpo»«  irniaU  wooden  cups, 
with  metal  bottoms,  which  arc  filled  Mth  cold  or  warm  water,  and  are  placed  oa 
the  skin:  the  tcni^rraturc  of  the  waicr  is  indicated  by  a  tht-rmciDictcr  (a)  Two 
thermoinctvrs.  which  iirc  heated  unequally  (if  netrsjiao'  '■>"  elfctrical  rarant), 
can  be  applied  directly  to  the  skin  for  compariKon. 

The  following  facts  have  been  ascertained  with  regard  to  the  tem- 
perature-sense : 

I.  In  general,  the  feeling  of  cold  arises  when  a  body  applied  to  the 
skin  withdraws  heat.  and.  conversely,  tliat  of  warmth,  wtien  heat  is 
communiciited  to  the  skin. 

2  The  greater  the  heat-conducting  power  of  the  body  touching 
the  skin  the  more  intense  is  the  feeling  of  heat  or  of  cold. 

y  Between  the  limits  of  15.5'  and  ,35'  C.  the  finger-tips  are  able 
to  distinguish  differences  of  temperature  of  from  o.ao"  to  o.as*"  C.  The 
temperatures  most  exactly  deteniiined  are  those  that  lie  close  to  the 
temp«r.'iture  of  the  hlood  (from  33'^  to  a  7**  C.),  differences  as  small  as  0,05° 
C.  ticing  recognized  (in  the  most  sensitive  situations).  Temperatures 
between  33  and  39'  C.  and  also  those  between  14*  and  a;"  C.  are  less 
accurately  determined  Temperatures  of  51.6*  C.  and  -fa. 8'  C.  and 
lower  cause  in  addition  to  the  temperature-sensation,  marked  pain, 
but  in  this  respect  there  are  variations  in  different  indi\*iduals,  and  in 
diflerent  places  between  — 11,+°  and  -)-36.3''C, 

4.  The  sensitiveness  for  cold  is  in  general  greater  than  thai  for 
heat,  and  greater  on  the  left  hand  than  on  the  right.  The  different 
portions  of  tlie  skin  differ  in  their  acuteness  of  heat -perception,  and 
in  the  following  order:  tip  of  the  tongue,  eyelids,  cheeks,  lips,  neck, 
trunk.  Nothnagel  found  the  minimum  of  diirercntiatton  on  the  chest 
0.4°,  on  the  back  0,9°.  on  the  back  of  the  hand  0.3°.  on  the  palm  0.4'. 
on  the  arm  o.a°,  on  the  back  of  foot  0.4**,  on  the  thigh  0.5",  on  tlw;  leg 
0.6°.  on  the  cheek  from  0.4  to  0.3°.  on  the  temple  from  0.4  to  o.^"  C. 
Curiously,  the  skin  in  the  median  line  (for  example  of  the  nose)  has  a 
less  acute  hent-perception  than  the  lateral  portions  (aUe  of  the  nose). 
According  to  Dcssoir,  the  glans  penis  has  no  perception  of  heat. 

Fig.  343  shows  the  difference  in  the  topographical  arrangement  of 
the  heat-sense  and  the  cold-sense  on  the  same  portion  of  the  skm. 

Goldsch cider  ti*«iimes  i»  empirically  <lct*»tnin*d  CTAAi^*  of  wnHtivctves*  for 
the  perception  nf  cold,  and  S  for  that  of  heal.  Each  part  of  the  skin  ha«  a 
comparaiivt-ly  cunsTaiu  grade  of  censitiveneu.  For  example,  the  skin  of  the 
maiTiiTitlla  hw*  the  ijratle  11  fpr  coW-peTceptitm,  the  grade  B  for  heai-jjerception. 
the  middle  nf  the  sole  of  the  foot  resfieciivcly  ;  and  j. 

Applicaiioo  of  a  10  tier  eciit.  solution  of  cucain  10  ihe  tongue  and  the  mucou* 
nitrnibranc  ;^f  tlii-  inutitn  iilii>li^li<'-<  c>implrtcly  (he  Nrn.Mliiliiy  for  beat  and  cold. 
'iliG  cooUng  xciii^ti<.ni  due  to  nK-nil)<<I  ilv(:>in(Is  upcn  simulation  of  the  ncr%-es  tot 
cold;  cafboti  dioAJd  irritates  the  iivAl-iicr^va  *.'{  tike  rxtemRl  »1dn. 

"fetcnces  in  temperature  are  best  recognized  when  different 
'lerature  are  applied  to  one  portion  of  the  skin  in  rapid 
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sion.  Gradual  vamtibns  of  a  temperature  cominuously  in  open- 
tion  we  the  more  impertcctly  recognized  the  more  slowly  they  take 
place  If  two  differenl  temperatures  are  allowed  to  act  at  the  same 
ttme.  near  each  other,  the  im[)ressions  are  readily  confused,  especially 
if  the  two  positions  are  close  together. 

6.  Practice  sharpens  the  tcmpcraturc-sense;  venous  congestion 
of  the  skin  blunts  it;  ischemia  increases  its  delicacy.  The  power  of 
differentiation  is  greater  when  the  application  is  made  to  a  large  cutan- 
eous surface  than  when  made  to  a  small  surface.  Rapid  variations, 
further,  cause  more  pronounced  sensations  than  gradual  changes  of 
temperature.     Fatigue  occurs  readily. 

;.  According  to  Abrutz  strong  thermal  irritants  exdte  sensations 
of  cold  as  well  as  of  heat:  the  fg^ling  of  heat  is  supposed  to  result  from 
a  combination  of  these  two  sensations.  Direct  application  of  carbon 
dioxid  excites  a  sensation  of  warmth;  menthol  gives  rise  to  a  sensation 
of  coldness  and  burning. 


. .   •  •  • 
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.  .t44.— TopB»miiy  nt  tb»  CM  mam  moA  i)w  llm-vtiiw  on  (hr  Stiat  ?ui  of  iho  Aairrinr  Surtao  ol  iheTtabl): 
d.  OiM-»riM;  b,  liial  ■Mil      (llic  lUtk  ■in-.»>  "i  thn  ktfklj  x-ndiiir,  ihi  ■hailol  ana*  (he  iiiodenMly  wov- 


VftrioHR  fllustons  may  nccur  nlso  in  contKrction  with  ihc  itmperaiurc -sense: 
(i)  Occasionally  the  M-n-saiion  of  heat  and  cold  will  aUcmau-  in  a  paradoxical 
manner;  for  example  if  ihc  akhi  be  iit)iiiL'rM:d  in  water  at  a  temperature  ol  10°  C, 
a  tenfAtioa  of  told  results;  if  il  then  be  immediately  transferred  to  water  at  a 
toftipcrature  of  (6"C,.  there  is  first  a  ecnpsA!  ico  (^'fltcnt,  but  soon  again  thnt  of  cold, 
(a)  The  snine  temperature  »~ill  b«  cstimatod  as  hlfjlior  when  applied  to  a  l&fge 
surface  of  tht  skin  thun  wlirn  applied  to  u  untiill  Kiirfsicc.  Thus,  the  eniire  hand 
immrTvcd  in  water  Ht  a  lein[*enit%ire  o(  »g.s°  fccU  warmpr  than  when  the  linger 
is  dipped  into  water  at  a  temperature  of  31*  C,  Cold  weights  feel  heavier  than 
warm  ones. 

Palho1ocical.^Sh».rper)ini:  of  the  tactile  sense  fhyperpselaphesia)  occur*  but 
nircly.  although  greater  scnfilivcnces  for  di0crcnccs  in  temperature  hu  been 
observed  in  places  where  the  epidermis  is  thinned  aftcT  titc  u»g  of  vesicants  and 
after  vesicular  eruptions  (jioster) ;  likewise  in  tabetic  patient*.  Sharpcnin|{  of 
the  spatial  sense  hus  h«cn  notc-d  aIko  under  the  two  conditinni:  tirst  named  ana  in 
ciues  of  erysipelas.     Brown-SeqvianJ  describes  as  an  abnormality  of  the  Inctilc 
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svnx  (he  Bcnsati'jii  of  three  points  wlitrn  only  t*^  are  in  contact  with  the  skin, 
or  of  two  when  orly  one  is  nppiicd  The  author  obstrvcd  in  hitnMf  M  a  ^ rcuUnr 
paradoxif^al  locnhiaiion  of  sensation  that  prc-ssurc  with  the  edge  of  the  finger- 
nail over  the  junction  of  lh<-  manubrium  with  the  body  of  the  sternum  always 
eauf:«d  a  Ktmi^eof  pricliiiig  in  the  chin.  In  thiscii^e  tmiattfin  ofnne  uf  the  teraiical 
branches  of  the  xubciitane'>us  nerves  of  the  utclc  is  refprred  to  the  periphery  of 
another  branch  of  ihe  same  nerve,  A  similar  phenomenon  is  observed  in  other 
nervous  terrilorie.t.  I'^i'i-rially  where  exact  Uiculir.ation  is  rarely  or  never  at  Irmptcd. 
The  latter  is  the  cA^e  with  the  pensory  ner%e5  of  the  inttslines.  Hence,  it  its  not 
astonishing  that  in  the  presence  of  painful  affections  of  the  inteatincs,  pains 
appear  in  distant  pail*  of  the  okin  supplied  by  nervts  fruiu  the  Kaiue  level  of  the 
Kpmal  cord  into  which  also  the  wnsor.-  vitcirnl  nerve  enters.  In  the  same  calegorj- 
is  thi-  fnmiliar  nceurrrnce-  "f  pains  in  the  left  nmi  in  eiinnection  uith  heart- disc ftse. 
Analogous  conditions  prevail  in  the  head  snd  tht  ncek  A  nrmarknMe  alteration 
of  the  spatial  sense  conM&ts  in  the  circumstance  that,  when  the  eyes  are  closed, 
the  individual  feeln  hi«  lindy  tti  Ijc  aliiuirmally  lar^e,  or  greatly  reduced  in  nze, 
or  at  times  has  u  sensiitinn  of  the  trunk  t>eing  doubled  The  author  haa  observed 
the  first  condition  also  in  connection  with  moderate  morphin-intoxicatioo.  In 
cases  of  <lc  general  ion  of  the  posterior  columnn  of  the  spinal  cord  ObcrRteincr 
observed  that  the  calicnt  was  uncertain  whether  he  was  louched  on  the  right  or 
the  left  side  (aHiJcJitViij) .  Browii-S^-quard  observed  after  section  of  a  lateral  half 
of  the  cord  that  irritants  applied  to  the  left  side  were  felt  on  the  richt  side,  and 
conveTEcly  Rarely  in  casei  of  brain-dij*a*e  irritalion  apphed  to  both  iddec  cl 
the  iKidy  has  been  Celt  i^mly  on  one  Hide. 

Itnpairmmt  of  ttutiit  sfn<:ibilisy  to  the  point  of  abolition  (hypopsclafhrtia 
and  apfiiapkesia)  may  be  present  in  association  with  corresponding  disordera 
of  the  sen»or>-  nerveji  or  occur  indriiendently.  Less  commonly  individual  qualitiri 
of  the  tactile  sensations  are  lost,  for  example  the  pressure-sense,  or  the  tempera- 
ture-sense, or  only  seniubility  for  heat  and  cold,  conditions  that  have  been  desig- 
nated partial  paralyiii  of  the  lailiU  atiie.  Limbs  that  arc  joreitd  aiUtp,  and  an: 
insensitive  to  sliftht  pressure-irritations,  do  not  appreciate  cold;  the  ftinctioo  of 
the  prc&^urc-tihcrs  and  the  heat-ttbers  is  not.  disturbed  until  much  later 


COMMON  SENSATIOIT.      PAIN. 

By  common  sensations  are  iindersto(»d  pleasant  or  unpleasant  sen- 
sations in  parts  of  the  body  endowed  with  feeling,  which  are  not 
referable  to  external  objects,  and  which  in  their  peculiarity  can  be 
neither  described  nor  compared  with  other  sensations.  These  include 
pain,  hunger,  tliirst,  dis^st,  fatigue,  horror,  vertigo,  tickling,  sensuality, 
comfort  and  discomfort,  and  the  respiratory  sensations  of  free  or  em- 
barrassed breathing. 

Fain  can  appear  wherever  sensory  ner\'e9  are  present.  The 
organs  subserving  this  sensation  appear  to  be  the  free  inlCTepitheltal 
nerve-endings.  The  pain-i>oints  do  not  coincide,  in  general,  with  the 
prc-tsti  re -points,  and  they  arc  about  looo  times  less  sensitive  than  the 
latter,  The  cause  of  the  pain  is  always  an  irritation  of  the  sensory* 
nerves  excepding  the  normal.  All  kinds  of  irritation:  mechanical, 
thermal,  L-hemical.  electrical,  and  somatic  (inflammatory  processes, 
disturbances  of  nutrition  and  the  like)  may  excite  pain.  Especially 
the  last  named  appear  to  he  particularly  effective,  as  some  tissues 
are  exceedingly  painful  when  inflamed  (for  example  muscles  and  bones), 
while  they  arc  comparatively  insensitive  when  incised.  Pain  may 
be  excited  throughout  the  entire  course  of  a  sensory  nerve,  from  its 
center  to  the  penpliery.  but  the  sensation  is  invariably  referred  (o  the 
peripheral  extremity,  in  accordance  -n-ith  the  law  of  jteriplieral  reference, 
Thu.';.  it  may  happen  that  irritation  of  the  nen,'es,  as  in  the  scar  of  an 
amputation-stump,  may  cause  pain  that  is  referred  to  parts  that  have 
been  long  since  removed.    As  a  result  of  frequent  irritation  in  the 
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course  ot  a  sensor\-  nerve  the  latter  may  lose  its  function  at  the  site  of  the 
affection,  so  that  peripheral  impressions  can  no  longer  be  perceived. 
If  the  painful  irritation  affects  the  central  extremity  of  the  nerve- 
tract,  it  will  still  be  referred  to  the  peripheral  extremity  of  the  ner\-€. 
In  this  way  there  arises  the  apparently  paradoxical  condition  of  pavtjul 
aticstiii'sio.  It  is  noteworthy  that  pain-sensations  cannot  he  localized 
with  precision.  The  localisation  succeeds  best  when  the  irritation 
is  applied  peripherally  tu  a  small  area  (for  example  a  pin-prick).  When, 
however,  the  stimulation  is  applied  in  the  course  of  the  nerve,  or  in 
the  center,  or  to  nerves  whose  peripheral  extremities  arc  inaccessible 
(such  as  the  intestines),  pain  results  that  cannot  l>e  localized  (for  ex- 
ample belly-ache).  When  the  pains  arc  severe  the  phenomenon  of 
irradiation  of  pai»  is  added,  in  (.-onsequenee  of  which  localization  is 
tmpos.sible  The  pain  rarely  continues  in  uniform  de^jree.  but  there 
occur,  as  a  rule,  cxacerbationii  and  remissions  in  the  intensity  and  also 
paroxysmal  exacerbations,  This  probably  is  due  to  the  fact  that  pain 
often  results  from  a  summation  of  irritations,  each  of  which  causes  no 
pain  of  itself. 

The  intensity  of  the  pain  depends  first  upon  the  irritability  of  the 
sensory  nerves.  In  this  respect  there  are  important  individu.-!!  varia- 
tions, some  nerves,  for  example  the  trigeminus  and  the  splanchnic, 
being  extremely  sensitive  as  compared  with  others.  The  greater  the 
number  of  nerve-hbers  affected  the  more  severe  is  the  pain.  Finally, 
the  duration  is  of  important*,  as  the  same  irritation,  long  conlinuetl, 
may  cause  an  inten.sitication  of  the  pain  beyond  the  point  uf  endurance. 

According  to  the  character  of  llie  sensation  the  pain  is  described, 
as  stinging,  cutting,  boring,  burning,  shooting,  throbbing,  pressing, 
gnawing,  tearing,  twitching,  and  dull,  the  causes  for  the  differences 
being,  however,  entirely  unexplained,  i'ainful  sensations  are  abolished 
by  anesthetics  and  narcotics,  such  as  ether,  chloroform,  morphin,  etc. 

Th«  b«»t  mean*  for  lesting  cutaneous  scnsibiHty  ccmnstit  in  the  wnployment 
of  constiuit  or  inriucrd  ckctric.il  ciirri-nts  Thi-  mtnimutn  u/  iemtbiliiy  is  dvTi'r- 
mined  aa  that  streo^li  of  current  tli»t  i-xciltg  the  iirst  trac-e  of  sensation ;  ajid  also 
the  MHMitNNiH  oj  poin.lhui  in.  [he  neakcKt  currt^nt  thai  iiru  excileii  dutinci  i>ain. 
The  clectrodex  are  Tnetallic.  a(>D«t  the  sm*  oi  n  kniilinii-in-fdlr.  and  the-y  ari?  [ihicvd 
from  I  to  I  cm.  apart.  According  to  Bcmhardt  the  followinj;  distancts  of  the 
cylinders  of  the  in  auction- a  piiaratwt  rcprcMiii  the  mintnia  of  sensation,  and  the 
ligtirca  in  part-ntliesis  the  miiiima  of  jmiii  in  a  hculthy  prrsun:  tip  uf  the  lonKue 
i7'S  (141);  pulutc  16,7  lis  9).  lip  of  ihc  ncisc.  tyclids.  gums,  back  of  Lhc  lun^c, 
red  lips  'S  7*'S  '  (<3-'*  5'.  chtcK.lips.  fviclii-fld.  14  8-14.4  i>S'"  5).  "cronim^i , 
eternum.napo  of  thenecli  137-13  (''S*'»');  back  of  the  arm.  bnttjacka.  occiput, 
loin.  neck. (ureami,  v«rl«x.  cnccyx,  ihigh,  back  of  the  first  phalanx,  boclc  of  the 
foot  ii.S-i  J  tu-i»,j);  back'  of  the  sec<nKl  phalanx,  back  of  Ih*  mctacaqiai  b»ne. 
baclc  of  the  hand.  leg.  distal  phalanx,  knea  11. 7-11. j  (10. ^-8. 7):  palmar  aspect 
of  the  head  of  the  metacarpal  bone,  lip  of  the  toe.  palm  of  the  aand.  palmar 
axpixt  "jf  thi-  Mxond  phalanx,  hypothcnjir  <^ininoice.  piiiiUiir  ii5i>ecl  ot  the  first 
niciatarsal  l«>nc.  10. 9-10  i  (8-4).  Moterutkowsld  found  the  pelvic  region 
the  least  acntiiivf  lo  painful  imprcs^ona.  tht  iintitivtncss  inerca&ing  ficm  this 
iUtuatiun  in  ail  dircctit-ins.  The  vculra,!  uspL-ct  uf  the  bodv  is  less  sensitive  thun 
the  l-itcrol,  and  the  luttcr  lc£s  so  than  the  dorsal.  Tbc«e  regions  exhibit  less 
e«neitivcne««  that  have  a  thick  epidermis;  those  thai  are  less  expottd  to  extcmBi 
injuries  and  areas  over  joints  and  interosseous  sutures  exliibii  inctpascd  sensitive- 
nexs 

PatboIogic«l.^\Silien  there  is  increased  smsibiliiy  uf  tht*  nerves  tranKmitiing 
painful  impressions  even  slight  contact  with  the  .Otin.  or  a  mere  breath  of  air 

rn  it,  may  cauiK  the  miwl  violent  jjain  {cuianfvui  h)ipetalgiai.  capcdally  in 
presence  of  in  flam  mat  ory   or  exanthemutPiis  ciwditions  of  the  skin      The 
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designation  eutatuMis  panigia  tnsy  be  applied  to  certain  unplc-asant  at  painful 
abnormal itios  t>f  eensatinn   that  nrc  frciiucntly  localised  in   the  Bkin.  namely 
itchiiiE,  formication,  burning,  and  cold.     In  cases  of  cerebrospinal  mcDuijiiu 
a  priclc  on  the  nole  of  the  foot  has  ou cat iuii ally  been  observed  to  catuc  a  double 
Mnxation  of  pain  and  «  <l<nil>li-  reiVx  coiiiractinii      Prrhiij.*,  this  phenomenon  may 
be  explained  by  supposing  that  tht*  conduction  is  di-Iayi-d  in  a  pan  of  the  iniiatcd 
nerv'e.     .Wuro/^ia  occurs  in  the  form  of  churacltriaiic  IJan^^ysn^^  of  [lain  of  sreat 
violence,  with  mdialiuci  vl»i;w'Li:r(.-  (fur  exanipk-   ueurul|c>a  of   Ihc  fifth  nerve,  p 
699)-      It  ill  dui'  to  pnth<)1opcal  praccMcit  in  the  ncrvougt  apparatus.      FrrquentU 
during  the  attucks  <-3cc*'»uve  pnin  is  pmduccd  hy  pressure  on  the  points  whore  thji, 
nerve -tmnlcii  cnicrgo  m>in  the  bony  eanaU  or  openings  in  the  fascia,  or  groovM* 
(Valleix'  [loiniii  doulourvux)      The  sldn  itself  to  which  the  soruorj'  nerve  {iiwaec 
may,  especially  at  limt.  be  ihc  wait  of  kti-jh  nennitivniess,  litit  if  the  neuralf^a  be 
of  longauratinn.  the  sensibility  may  Ik'hiiicH  impairi'd,  up  to  ihc  point  of  analgettS 
la  the  laiier  event  there  may  be  pronounced  painful  anesthesia. 

DiuiinuliiM)  {rr  alxililiuii  of  tne  ni-nse  of  pain  (h>i>al|cia  and  analEJa)  may  be 
due  to  allcctions  of  the  nen'c-terminaliiws,  vr  ofthc  nerve-trunks,  or  oi  tbccctitnU 
insertions  of  the  nerves. 

In  hysterical  subjects.-  sufTcriiig  from  hemiAncsthesia.  the  remarkable  6t>- 
tervationhos  been  made  that  the  feeling  of  the  aSected  side  ia  restored  when  mtall 
metallic  plates  or  compnrflses  arc  applied  to  the  skin  (metalloveopy)  At  the  same 
time  that  the  affected  part  reroverE  its  scnubDity.  the  correspondin);  pan  of  tbe 
opposite,  healthy  side  or  limb  becomes  aneslbefic.  It  has  been  uiooffht  that 
a  transference  of  sensibility  takes  place  from  the  healthy  to  the  affected  side  of 
the  body.  The  application  of  the  metallic  plates  s>^cs  rise  to  n^lvanic  currents 
whose  intensity  vanes  with  the  characier  of  the  Rictal.but  the  resulting  phenom- 
ena cannot  be  atlnbuted  tu  these  cuxrenU.  The  explanution  of  the  (act  is  found 
in  the  circumsl iincc  that  a  similar  result  occur*  under  entirely  normal,  physio- 
logical conditions.  In  a. healthy  person  every  increase  in  scnEihittty  on  one  aide 
of  the  body,  produced  by  the  application  of  wnrm  metallic  plates  or  compreasec. 
is  followed  by  a  diminution  in  sensibility  on  the  opposite  side  Conversely,  h 
is  found  thnt  when  one  side  of  the  IkiiIv  ik  muile  lesai  sensitive  by  the  application 
of  cold  metallic  pUtes.  the  hniaologous' part  of  the  other  side  becomes  more  sen- 
sitive. 

THE  MUSCULAR  SEKSE.      POWER-SENSE. 

The  sensory  nerves  of  the  muscles  constantly  convey  imprcs&ioni 
as  to  the  inactivity  or  activity  of  the  muscles,  and  in  the  latter  event, 
as  to  the  degrree  of  contraction  [power  of  distinguishing  the  weight* 
of  various  objects).  They  furnish  information  also  as  to  the  amount  of 
the  contraction  to  be  employed  to  overcome  resistance  (power-sense). 
The  power  of  differentiating  the  weight  of  objects  lifted  is  based  upon 
a  comparison  of  the  degree  of  innen-'ation  with  the  duration  of  the 
latent  period,  that  is  of  the  time  that  elapses  between  the  wilting  of 
the  movement  to  raise  the  object  and  the  actual  conunencement  of 
the  movement-  In  a  wider  sense  the  muscular  sense  includes  also  the 
appreciation  of  active  and  passive  movements,  the  recognition  of  posi- 
tion, and  Hnally  that  of  resistance  and  weight.  Obviously,  the  muscular 
sense  must  be  largely  aided  by  the  pressure-sense,  and  conversely; 
although  E.  It.  Weber  showed  that  the  muscular  sec«  exceeds  the 
pressure-sense  in  delicacy,  as  by  its  aid  weights  in  the  ratio  of  59  :  +0 
can  be  distinguished,  while  with  the  aid  of  the  pressure-sense  only  those 
in  the  ratio  of  34  :  30  can  be  distinguished.  In  some  cases  in  man 
perfectly  retained  muscular  sense  lias  been  observed  in  conjunction 
with  total  cutaneous  insensibility.  A  parallel  condition  is  the  ability 
of  a  frog  deprived  of  the  skin  on  its  legs  to  jump  without  material 
disturbance.  The  muscular  sense  is  also  greatly  aided  by  the  sensibility 
oE  the  joints,  the  bones,  the  fascitp  and  the  tendons.  By  the  associated 
action  of  several  sensations,  especially  in  the  muscles  and  tendon*. 
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there  results  the  recojfnition  of  the  tcmporan-  position  oi  the  extremities. 
Some  muscles,  for  example  the  respirator.'  muRcles,  possess  only  slight 
muscular  sensibility,  which  seems  to  be  absent  normally  from  the  heart 
and  unstriateJ  muscles. 

Method  of  Testing.  -Weights  arc  wrapped  in  a  cloth  and  arc  suspended  from 
the  [jart  to  be  tesieJ  (for  cxanipli^  ihe  h-g)  Ijj;  a  tiling.  Tlic  8ubj«t  csttmatu 
the  amuiiiit  uf  the  wi-i^ht  by  t<)l^v^ltl,'  ami  rikUini;  it;  ai)<l  alnfi  llie  difftrtvtt  in 
resistance  (of  the  wci^ts),  as  well  as  tht  mtnimum  .->f  raisUfHe  (uuprtxiation  o( 
the  smalltsl  wcJEhi)  The  f/«ir.iwM>i»Jjir  stiifibiiHy  nlso  mny  r*-  tested  bj* 
causing  the  muscka  to  contract  by  means  of  induction-currenta  and  hnving  tM 
Hubjcel  rvport  utt  to  the  sensation  thereby  ]jruduc«d.  lu  this  way  also  the  mini- 
mum of  sensibility  and  of  pain  ean  be  ifclemiincd. 

A  h«aUhy  person  recognizes  a  n-eighl  of  i  ^m  applied  to  his  upper  extremity; 
likewise  an  adaition  of  one  gram  wlien  the  original  weight  was  15  grams,  an  addi- 
tion of  two  grams  wh<^3  the  originid  weight  was  50  grams:  and  an  addition  of  3 
grnms  when  the  original  weight  was  100  grams.  The  power-sense  difTers  in 
oiRcrcot  fingers,  The  lower  cxtmmily  (with  the  weight  suspended  from  the 
kne«),  recoguiies  from  30  to  40  grams;  but  <)ften  only  a  heavier  weight.  Often, 
a  difference  of  from  10  to  10  grams  can  be  detected,  or  Irnm  jo  to  70  grams  In 
general,  th«  same  difTerences  arc  deteetcd  whethrr  the  originai  weights  are  light 
or  h«avy.     In  blind  persons  the  muscular  sense  is  often  heightened. 

Section  of  the  sensory  nerves  causes  derangement  of  the  fine  grada- 
tions of  movements.  Meynert  supposed  that  tlie  motor  cortical  \:entere 
represented  the  cerebral  center  for  the  muscular  sen.se.  the  muscles  being 
connected  by  motor  and  sensory-  paths  with  the  ganglion -cells  in  these 
centers.  Support  is  given  this  view  by  the  occurrence  of  complete 
ataxia  as  a  result  of  destruction  of  those  areas  in  which  the  psychomotor 
cortical  centers  of  the  extremities  are  situated. 

Illusions  occur  in  the  range  of  the  miLScular  sense.  A  weight  held 
by  one  limb  appears  to  become  lighter  as  soon  as  other  muscles  of  the 
limb  arc  contracted,  altKough  these  do  not  themselves  aid  m  supporting 
the  weight.  Under  converse  conditions  the  weight  appears  to  be 
heavier.  If  equally  heavy  objects  of  different  size  are  lifted,  the  larger 
appear  to  he  the  lighter.  A  weight  raised  with  both  hands  seems 
lighter  than  when  r-iised  with  one  hand.  The  following  illusion  has 
been  observed  with  respect  to  the  muscular  sense  of  the  tongue.  If 
the  tip  of  the  tongue  is  pressed  against  a  narrow  inter\'al  between  the, 
teeth,  and  is  moved  to  and  fro,  there  results  a  feeling  as  if  tlie  teeth 
yielded  in  movement. 

Excessive  muscular  activity  causes  the  sensation  of  fatigue,  of 
oppre.'ision  and  weight  in  the  limbs,  which  is  referable  to  the  muscular 
sense. 

Pathological.^ Abnormal  hcigfatcning  of  the  muscular  sense  ia  rare  (muscular 
hy^ralgia  and  hypcresthesJa).  ft  occurs  in  the  di&trcseing  condition  of  unrest 
designated  auxwtai  tibtarum  (Bdget*),  which  is  atl^Tided  with  cootinual  change 
in  the  position  of  the  limbs,  and  not  rarely  may  be  a  source  of  annoyance  even 
to  healthy  persons  at  night.  Cramp  is  ji 'c<7ndttion  attended  with  tnteiiM  pain 
as  a  result  of  irritation  of  the  sensory  nerves  of  the  muscles:  it  occurs  also  in 
association  with  inflammatory  processes.  Impairment  of  the  inritabillty  of  the 
nerves  of  muscular  senirihility  appears  also  in  part  to  be  responsible  (or  certain 
choreic  and  ataxic  movements.  In  tabetic  iiuticnts  the  muscular  sense  in  the 
upper  extrcnutics  may  be  nonna!  or  diniiniilicd,  in  ilic  lower  extremities  it  is 
usually  coniddcrabty  diminished.  Occasi^/iiallv.  the  vlvclrumusculor  sensibility 
is  impaired  or  even  lost:  in  other  casus  the  subjective  ^ensc  of  muscular  actiNHty 
is  lost  [paralysia  of  muscular  consciousness} .  Adequate  doses  of  cocain  or  alco- 
hol are  capable  of  heightening  the  muscular  sense,  while  atnyl  nitrite  blunts  it. 


PHYSIOLOGY  OF  REPRODUCTION   AND 

DEVELOPMENT. 


VARIETIES  OF  GENERATION. 

Abiogeiuaii  (Spontaneous  or  Equivocal  Generation).^  Evm  until  modem 
times  it  was  believed  llial  tii;iniiriate  Eubstani-'ve.  derived  (rptn  the  dcci mpositic 
oEorganieed  mutter,  cunli!  utKlcT  ct-riain  cuinlitiuns  aKam  tie  troniJotniAd  spc( 
Caneoiuly  inm  livini;  matttr  \Vhil_r  Arisli'lk-  brlitvcd  tliat  spt^nioncous  Ermra- 
tion  could  be  extended  to  inchidc  the  insects  (vcnnin) .  the  fe»"  mcdcm  adlicrenis  uf 
thin  theory  applied  ii  (ii)]y  luihe  UiuesL  furni&tif  life  As  a  re&tilt  o(much  reiteaic^, 
alone  this  line  it  has  liren  demonst rated  cimcluMvely  Ihiit  wlien  <:it>:ani2i;il  matte 
is  subjected  to  a  high  temperature  (aoo^  C}  nithin  henncticall)'  scaled  tubes  an^ 
all  bacteria  therein  aT«  actually  de«tfoyed,  flpontan«ous  generation  cannot  taVe 
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no.  J4,{.— Oniu  (nm  ih>c 
tJrcnii  uf  s  SrxutUt  M>- 
lurt  I'TwIiHtii  of  llw 
Tenia  luuum:  a,  tlbu- 
iDkiQiitcPvdDIr.  ^.  remains 
of  Ihe  •cwwnfy  lulk:    r. 

pnyrldRl    mlh    cmtiniuTiiil 
b«oUH.. 


Tniii  tiili(iiii)  inlhT  ^'lnhl>l  thi>  ^rlnrtu* 
Miudc  in  Mah-     NaluraJ  liw- 


Flii.       147.— CrMioKi       fcsw 
Twaa  ■eUwii.wllhiMi  ChkJ 
nnliw^iMw    Ctpnfc 
■nrad:    i,  fwl«r«  ai« 
*Bluf  nl   wflk  ■ 
(lus;  •,  rabrrca*! 
y  lb*  bolhMi  iMd  r     . 
br  tiraaUBf   trom  Urn 
btjcoMi   *i<a(lr:    t.    int 
md    CIO*™    ^    Ihm^Ih* 
ihr  hail  ol  ■he  Utmaav. 


place.     This  fact  sustains  the  ductrine  that  all  life  is  derived  from  pn-tious  Ufi 
("omnc  ^ivum  ex  ovo"  or  "ex  vivo"),  or  as  Harvey  says'   ut  (ininihus  vivcntiln; 
prioiordium  iosit,  ex  quo  ct  a  quo  provcniant. 

Il  is  a  noteworthy  fact  that  even  some  of  the  liiglier  iavcrtebratrs  (gotdtua. 
anguilula.  tardicrada,  rwtatoriiij  may.  whc-n  kept  drj*  fw  seme  time,  Apparently 
die  Aiid  lie  dormant  for  a  conndctoblc  time,  iiut  when  sii^T>lic-(!  vith  moistur 
may  be  resuscitated — atiabioxis.  Rotatoria  (wheel  arimalcules)  reeovcrrd  afle 
haraig  been  kept  iif  a  drj'  vacuum  for  eightylwn  days,  and  immediately  af(« 
exj>Ofit>re  for  thirty  ininuieit  to  dr>' heat  ul  a'temiierHturv  of  100°  C  Rolatorii 
dried  gradually  in  their  nattiral  habitation  proliferated  when  aKsin  moastvrtcd  after 
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the  lapfe  of  eleven  ymn.  and  Uir  ume  is  tmc  of  ASguilutc  ttttr  twcnty-ri^ht 
yean.  Spores  uid  seeds  can  Ic  placed  in  a  sfntc  in  ivhJch  Tnctobolic  Activity 
ta  no  longer  demonstrsbV .  and  from  which,  es  has  long  hem  known,  tlicy  iMV 
oodcT  suitable  conditions,  ukii^i)  Kvmiinalt^.  According  to  Dccandollc.  vegetable 
weds  may  exhibit  tbii  proy trty  alter  frt'iii  fijity  to  iint-  hurn!r*<l  and  fifty  yei««. 
Division  taktts  place  m  mtiny  prctoioo  [Ainc«hK,  infusoria),  and  in  tuch  a 
manner  that,  in  accordonet  with  the  character  of  the  ccllulur  d)\-iBion ,  the  organ- 
isan,  incltidinn  iIk  iniii-r  nuclear  stni<-tiiTe.  and  the  cell-body,  di\-id«s  by  on  acti^'e 
process  into  iwn  'irganiKms.     Storiish  (yjihidiaiiter)  divide  sponlanecwKly.or  Ihey 


Flo.  stf.— Cyntlofrcm  ttom  Tanin 
tolluni  wild  Cvctlpl  Hallow  BuJ 
CCtptuUc  SegmfDi).  ;«,  uuiJiil 
vcddc  (emtvjuoal  loidc):  (,  the 
bcul  of  the  upcnirin  mih  lurbcn 
ktkd  Tide  al  bookltit  ((tola):  f. 
(crvicil  iiurtiaD.  Knlaixnl  imiih 
■nwnllHni  llaia. 


/" 


Fic.  j4t- — Portloo    nl    u    FlrUao- 
comu-cyit  will]  Hiix-J-uifMilc:  a, 

ClBHilllL    J.    iJonBrtiymill^lH   lnJfT-, 


fn.  150.— Txak  niedlixuidlaii- 

Ntiunl  ilH. 


eliminate  an  arm,  which  may  develop  imo  a.  ruinplete  nniinal  Tlie  ani6cial 
division  of  lower  forms  o(  annual  life  and  thr  devclupmcnt  of  the  frai^mcnls  into 
eniire  beui^tt  mere  lir^i  deni<m!!t raced  by  Tri'mbley  in  the  hytlra. 

Budding  or  tprouting  takes  place  in  most  marked  deerce  in  jiolyps;  but  also 
in  in(u«uria  (vi>rtii.<-Ilidic)  aod  vthere.  It  cfn»i»ts  in  the  sprouting  ol  a  bud- 
like structure  froni  the  maternal  body,  which  it  gradually  comes  to  rcKmblc. 
The  tmd-likc  formatir.ns  Hthcr  icmain  sttaehed  p*tinan*ritly  to  the  maternal 
organism,  so  that  grsdually  a  complete  animal  of  conuderable  siie  is  formed 
(polyparisa) .    the    bodies   ol    the    inditidual    n^mainin);   direetly   eonnreted    witli 
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one  another  <ttae>'  mmy  even  domcu  ft  common  "colonial"  nervous  Bjrstrm.  Uka 
the  bryozoa);  or  tbey  may  dcinch  ihcmsdvcs  and  individually  enter  upon  an 
independent  existence  In  some  animal  (umia  (Miilioinijihores).  the  indjvtdnat 
beings  at  times  exhibit  a  dcliuite  dilTcre]itia.it'}n  vi  funclit^i,  so  that,  for  example, 
digestive,  motor  and  reproductive  aciivuics  may  be  distinguished  ^physiological 
di^Ssion  o(  lal>or.  The  formation  of  bud*  within  the  organixni.  which  Kubsequmlly 
arc  detached,  hai  been  observed  io  rbiiopods.  Amonf;  onimnU  that  multiply 
by  division  or  by  budding,  there  haa  been  ol^ervcd  in  part  also  the  formation  ol 
spennatoxoa  and  ova  (polvps,  infusoria),  so  that  here,  together  with  asexual 
reproduction,  there  is  at  the  same  lime  sexual  repruduellun. 

Conjugation  or  concrescence  ii  the  name  applied  to  a  variety  of  generatjon 
that  is  already  su^ecsTive  ijf  Kxnal  reproduction,  for  example  that  of  uniccttulai 
grcgaiines.  In  such  a  being  the  anterior  extremity  unites  with  the  pomeiior 
extremity  of  another.  Both  become  encysted  into  one  round,  rvating  bodr. 
The    two    nuclei  eoale«ce   and.  after  previous  ipindlc-formation.  a  pdor   body 
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fte.  ifi.—SauallTAMiit  (Middlr)  th»  Prafkaitisol  Tnu  ntdloanriUu  («fMr  SaniMT)!  4.maa 

wtlh  the  MCDim)  pore  r.— •D»i  tlic  Uiur  itic  penli  tdmt.  A  fcuini*  fmn  ■bote,  adiwcddt  b  Ae  lniiB  ii[ 
inir  ihr  ii>nuDui  lu  di^fciFiiv  Thlcli  cililbiii  cnrnilir*  ramlftcaifon  mil '— '-  —  h™— — *  "-'—*—  i«iiiln 
toHst  al  the  iMtiiiuUi  Tviiilt«  ijr  ant  )vi  cunn«leil  tiy  (sodoy  duiu  wiltt  tin  w  drfoau):  i,  lagjam,  h, 
ovRry;  t.  albiunUi'CLiod i  t.  intup  ol  thcUgkadi:  I.  uttnit;  ft.  cunuiri' kinciivillnal  mink  «wi  ttmaavrrw 
uiii^omBti%  t;  4.  itlttti  ntfvc. 


is  expcUcd.  1'he  united  body-mass  is  resolved  into  a  shapeless  structure,  from 
wbicn  numerotia  vesicles  arise.  In  each  vesicle  many  boatlikc  fiKurei  appear 
(pI«udonaviccUa^) .  The«e  give  rise  to  ameboid  orgaiuums,  which  by  the  forma- 
uon  lit  a  nucleus  and  a  protecting  envelop  are  in  turn  tranefomwd  into  gngarines. 
Concrescence  has  been  observed  also  among  some  infusoria. 

Sexual  reproduction  injiiirus  the  formation  of  th«  oltsphng  from  the  union  of 
the  male  and  the  female  generative  elements  (semen  and  ovum).  These  elemenu 
may  be  derived  (romlvfa  diflerent  ijidividuals.  male  and  female,  ur  tbey  may 
belons;  to  the  same  individual  (hermaphroditism,  for  example  in  tapewotnu. 
noils.  etc.V  Sexual  reproduction  embraces  also  the  following  forms  of  generatioo . 
_  Hstamorp hosts  is  tlie  name  apiilied  to  that  form  ot  sexual  reprwluction  fai 
which,  frviii  the  fL-rtiliied  ovum  on.  the  organism  appears  in  a  succeMion  of  out- 
wardly diBereni  forms  (for  example  caterpillar.  ehr>'«alis).  which  poceoH  no  power 
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ol  propagation.  Then,  fitifttly,  Uwre  develops  the  wxuallv  mBlure  ityrvn  (iinago, 
(or  example  buttpr(iy),  wliicli  yields,  thrmigh  th<'  unitm  ol  s|icni!  ami  ovum  tlie 
fecundaied  initial  fonn  in  the  dev-elopiTM-ntal  process.  Mplatin«:jiho«^i*  t-cciirs 
extensively  amang:  innecis.  either  with  many  (holomelahtilal  or  with  few  inicr- 
mediate  stains  (hcmimctaboliv) ;  likewise  in  ntlnr  ^rthmpudu  iind  In  sonic  worms 
(for  example  trichina).  The  scxtinlly  maturir  mak-  and  female  ticscentlantjt  »f 
the  trichina  are  act  free  in  the  intestine,  where  they  enter  into  sexual  union  and 
livu  (or  but  a  jhort  time.  Tliey  are  kuwwti  aa  inUitinai  trUhi»<r.  Tliey  produce 
many  c^s,  which  penetrate  the  muscular  tis3u««  of  the  ho*t  and  constitute  the 
lariKS,  The  encapsulat'-d  sex\mlly  icnniAture  mtiwlc-tfiehinw,  which  may  remain 
(iiiiescenl  for  more  than  thirty  years,  ar^  the  PUftr.  and  these,  when  ingested  in 
the  living  *taie  by  anutht-T  stiitable  organism, aevclmi  in  the  intestine  of  llie  latter 
into  sexually  mature  and  active  individuals.  Among  vrrtt-lirates.  raetamorphou* 
cccurs  also  in  the  amphibia  (froEs).  and  amonfr  fish  in  lampre>i!  (pelrrmiyjion). 
The  titenution  of  seneraitons  (nieia^ent-sis)  exhihils  in  common  with  mcia- 
mtjrphosis  the  scries  of  i-xli-ni.t!ly  iliiTereiit  forms  in  the  prfice«8  of  development. 
It  diflfcrs  materially  from  inclaiii';>rph('«is.  however,  in  the  rircurostance  that  the 
anirnal  can  multiply  ascxually  in  one  or  the  other  of  the  stages.  Tbc  final  (taf^- 
olone  then   exhilJits   the  sexual    reproduction .     Medically,    the  meat   important 
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PM.  ut. — Read*  tt  Taala  loUiuti  (I)  <ad  TanlB  modiocansUau  (It)  and  M.Uun  PraaWiU*  at  ««ch  (i,  «). 


example  is  fumi.thed  by  the  tapeworms  (tenia).  The  sexually  mature,  hctmaph- 
roditic  individual,  with  hundred;!  of  tvaticlcs.  vasa  dcfcrcnita.  pcnisca,  ovaries, 
yolks.  shell-Blands,  vaginas  antl  utcruses  {I'ig,  jsi).  i»  the  pruluglottis  ^tapeworm- 
segment),  w-nich  becomes  detached  and  evacuated  with  the  iwes;  it  is  mctil« 
and  occasionally  continues  to  (;row.  From  an  ovum  (Fig  ^5!,  rendered  capable 
of  reproductiim  by  s<?]f-iiTi]iregnation,  then,-  n-sullsan  eliiptteal  embryo,  provided 
with  six  booklets.  This  S'ti'^^  m trance  nit h  food  into  the  intestine  of  aiitither 
animal,  whence  it  penetrates  into  the  tissues  and  there  dev-elops  into  the  third 
KiaKe.  the  bladder- worm — cyiniccrcu*.  cenurus.  echinococeus  Within  this 
vesicle  there  develops  only  one  <cysticcrcus.  Fig.  i*;)  or  several  <ccnurus) 
short -pedic  led  tape  worm  heads;  or  within  the  vesicle  there  develup  at  tirst 
numerous  duughter-vcsick'S,  and  within  thone  many  heads  (echinococeus.  Fig. 
jt49).  For  further  development  the  bladder-worm  must  be  consumed  alive  by 
another  being.  Then,  the  tapeworm -heads  (scolexi  attach  themselves  to  the 
wall  of  the  intestines  by  means  of  their  booklets  or  suckers  and  bybudditig  (orin 
a  chain  o(  numerous  scgnieuts  (Fig.  350). each  dewhijied  link  o(  which  constitiiics 
a  sexnally  mature  olTspring  o(  the  tenia.  The  most  important  tapeworms  are 
as  follows:  T^nia  solium  is  found  in  the  intestine  of  man.  Its  bladder-worm, 
cysticertms  ccllulosa;  (Fig.  ,J5ii.  oocuis  in  swine,  seldom  in  man.  Ta-nia  medio* 
cancllata  is  foimd  in  the  intestiof  of  man  (Fin   isj):    ilB  bladder-wonn  in  the 
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COW.  TfvniacmntirusU  found  in  Ihe  intestine  of  tbcdog.  ilse>iitif«Ktuui  tlio  hrun 
of  the  sheep  (ctmvinis  ccrchmlis.  the  caus*  of  Etng^n) .  Tvnia  n^inococcus  pos- 
sesaes  bul  two  or  thii-e  sogini.-iiis,  a  few  millimeters  long,  which  an;  present  in 
innumerable  quantity  in  th<t  iiiteittine  of  the  dos.  Its  encyned  form  (acephalo- 
cy»t.  witli  iliiiiKliWT-cystsi  oftrii  cttt»ins  the  ««:  <^a  child's  licad  in  m«n.  It  occurs 
in  th*.'  Uvcr,  but  also,  though  less  frequently,  in  all  other  tissues.  It  is  ofim 
dangerous  to  life  and  it  b  found  alao  in  slauehtcr •  animal «,  Dotbrioccpbalu« 
latus  is  found  in  the  intestine  of  mun.  its  bladdcr-worm  in  the  meat  of  the  pike 

Anion];  Icitver  nniinaU  the  mrdiiiue  ijso  cxlii1<it  alt«matitm  of  gcficr&tioa: 
Rmone  instcts  eall-snats  (cecidomyia.  witlv,  cndogcnnu*  larval  multiplication) 
and  plant-lice.  The  latter  develop  in  the  spring  m>m  impregnated,  hih-em&leil 
nva  as  asL-xual  organinnt:  llieju!  produce  succesaively  in  numerous  ginc'r.iiiont 
unfcTtili/cd,  livine.  likewise  asexual  ofTsprinc.  In  the  late  autumn  ttic  Ia»t  u(  tb« 
young  males  and  females  are  thus  produced,  and  the  latter,  imprognated.  depoait 
the  fc-riiliirtd  ova 

Paxthenosenesis  or  virgin  reproduction  is  cbarnctciued  liy  tlic  circunutancv 

tlutt.  in  addition  to  Mxual  pro- 
creation, generation  without  sexual 
connection  may  also  take  place  at 
the  same  time.  The  asexually  prtv 
duccd  hmod  is  alwaya  of  but  one  *cx. 
The  beehive  serves  as  an  example. 
[i  contain!  the  queen-bee  (sexually 
mature  procrrative  female)  the 
workers  (imperfect  fenuiks)  and  the 
drones  (males) .  In  swarming  (nuptial 
fU^ht)  the  (}uccn  is  impregnated 
by  a  drone.  The  senten  stored  for 
ihrvc  or  four  years  of  the  Twn»- 
diictive  life  in  th«  rcceptacuJuiB 
i>e minis  can  apparently  be  added 
by  the  mmn  to  ttie  ova  to  be 
deposited  lor  purposes  of  ferliliiation 
or  be  wittdield  from  them.  It  is 
also  possible  that  the  matter  of 
impregnation  depends  upon  me- 
chanic conditions  related  to  the 
sixc  of  the  C9tnb  in  which  the  ova 
are  lodged.  Impregnated  ova  give 
risa  to  Temalcv  only,  ttn impregnated 
ova  to  males  only.  If  the  queen  is 
ioopacitated  tor  flving  and  if  she  cannot  be  impre(rnated.  she  deposits  ova  ibat 
proance  dronex  only.  Gcnc-rous  feeding  of  the  tar\-a:  of  ihc  impregnated  o\-ura, 
perhapa  also  the  sue  of  its  comb  (quccn-bcc  cradle),  favors  the  development 
of  a  perfect  female  (queen-bcc),  while  if  the  nourishment  be  insuflficicnt,  scxuaUv 
deficient  working;  females  mnilt.  This  description  lias  recently  been  challengea. 
it  being  mointamed  that  the  normallv  impreKnatcd  queen  always  deposita  only 
impregnated  ova,  whose  sexual  dcvcfopment  depends  upon  nutritive  tnfluencet 
on  the  part  of  the  worVers 

In  many  of  the  higher  animnlK  the  ova  may  pass  Through  the  lirst  stage*  of 
development  without  imprrpiation.for  example  inc  biii.swme,  raMiiis.  salpians. 
to  the  stage  of  division.  Unfecundated  ova  of  starnsh  even  develop  to  the  lan-al 
form 

Sexual  reproduction  uHthout  intermediate  forms  occurs  in  manunaU.  binla. 
reptiles  iind  most  fish 
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fn.  JM.— SemHuJ  Crtumlt. 


THE  SEMrWAL  FLUID. 

The  cjaculatAci  seminal  fluid  is  intermixed  with  the  seprelion  of  the 
alveolar  glands  of  the  tubules  of  the  epididymis,  the  racemose  glamls 
of  the  vas  deferens,  the  glands  of  Cowper  and  the  prostate  gland,  and 
with  the  Hutd  of  the  seminal  vehicles.  It  has  a  neutral  or  alkaline 
reaction  and  it  rontsins  A3  per  cent,  of  water,  serum -albumin,  alkait* 
albuminate  (propeptone  from  the  accessory  glands),  nudein  (nuctetnic 
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acid  +  protamin),  lecithin,  cholesterin,  fats,  also  fat  containing  phos- 
phorus, and  of  salts  {somewhat  more  than  2  per  cent.)  particularly 
alkaline  and  earthy  phosphates,  together  with  sulphates,  carbonates  and 
chlorids. 

The  testicle  contains  besides  a  hyaline-like  albuminous  body,  leucin,  tyrosin. 
kreatin,    xanthin -bodies,  inosite    and    glycogen    (starch-like    granules  in  birds). 

The  tenacious,  whitish-yellow  seminal  fluid,  for  the  ^ater  part  a  mixture 
of  the  secretions  from  the  organs  previously  mentioned,  is,  on  exposure  to  air, 
at  first  coagulated  into  a  gelatinous  mass,  then  becomes  again  diffluent,  on  addition 
of  water  gelatinous  and  separating  in  the  form  of  whitish,  translucent  flocculi. 
It  forms,  on  standing  for  some  time,  elongated  tapering,  rhombohedral  crystals 
that  consist  of  the  phosphate  of  an  organic  base,  spermin  {C(H„N,).  which  results 
on  the  decomposition  of  nuclein. 


Fic.  J 54 .—Spermatozoa:  i.  human  (X  600),  (be  head  viewctl  from  the  nirfatx;  2,  the  head  viewed  from  the  *ide; 
jH,  head;  «,  middle  piece;  /,  tail',  t.  lermina]  (Uanieni  (ailer  Rttziua);  3,  sperniBtoiiioD  from  the  tnoiue*. 
4.  from  bothrio<:e]^aJus  latus;  5,  from  the  deer:  6,  from  the  mole^  7,  from  trie  green  woodpecko';  8,  from 
the  blacli  man;  q,  from  Ihe  bastard  of  a  goldfinch  (male)  and  a  canary  bird  (femaJe)-,  10,  from  the  cobitii 
(weathcr-dih)  (after  A.  Ecter). 


These  cr^'stals  (Fig.  353)  arc  derived  in  part  also  from  the  prostatic  fluid  (and 
they  resemble  the  so-called  Charcot's  crystals  observed  in  sputum).  A  small 
amount  of  seminal  fluid  (also  stains  dissolved  in  water),  heated  with  a  concentrated 
watery  solution  of  iodin  and  potassium  iodid,  yields  a  crystalline  formation  (not 
unlike  hcmin-crystals).  The  formation  is  caused  by  a  step  in  the  disintegration 
of  lecithin.  Also  other  bodies  containing  lecithin  form,  through  putrefaction, 
neurin,  cholin  and  other  decomposition -pro  ducts  and  then  yield  the  same  reaction. 

The  prostatic  fluid  is  a  thin,  milky  ftuid,  amphoteric  or  of  a  feebly  acid  reaction, 
and  it  possesses  the  odor  of  the  seminal  fluid,  which  is  given  oif  by  the  base  of 
Schreinerin  solution.  The  phosphoric  acid  necessary  to  the  formation  of  the  crys- 
tals is  supplied  by  the  semen .  Perhaps  the  prostatic  secretion  furnishes  to  the  sper- 
matozoa the  motor  stimulation  essential  for  their  power  of  impregnation.  The ovary. 
the  thyroid  gland,  the  spleen,  the  pancreas  and  the  leukocytes  likewise  contain 
spermin,  though  in  less  amount.  An  odor  similar  to  that  of  the  seminal  fluid 
is  possessed  by  Brieger's  cadaverin  (pentamethyldiamin) .  a  nontoxic  cadaveric 
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alkaloid,  as  wvU  A3  by  th«  free  dinnims.     It  U  these  lubstancM  that  give  tbcodor 
to  the  cawduitt  of  inacorat«d  tiori«s,  and  n<-cAsir>nallv  lo  stole  eem  orpik«.  aitd'J 
probaWy  uU<>  to  snmc  plants,  such  as  rhubarb,  rhusf  berberis.     The  Becrvlton  *rfi 
ihe  senunai  ve&icltrs  (ol  the  guinea-pig)  containit  a  considerable  amtnint  of  fibrin- 

The  seminal  thread  (spermatozoon,  spemiatosoma),  50  p  long. 
consists  of  a  flattened  pear-shaped  head  (Fig.  .154,  i  and  a  k).  a.  bodkin- 
shaped  middle  segmenx  (m)  attached  lo  the  broader  pole  of  the  hea<) 
and  the  thread-like  elongated  cilium  (flagellum  or  tail)  (/),  through 
whose  to-and-l'ro  movements  the  sperm,  often  rotating  on  its  axis, 
iraver.scs  400  limes  its  own  length  in  one  minute,  or  from  0.05  to  o.  i  5 
mm.  in  one  second,  This  activity  is  most  pronounced  directly  after 
ejaculation, 

The  hi-ad.  ectitiiiintij;  i-hriimatin  (mammals) .  consists  o(  an  anterior  and  a 

fiosterior  acrgincnt  Knmi  the  ]?<jsierior  segment  a  procen  projeeu  Uke  a  aphere 
nio  Lhe  interior  of  til*  anterior  segment  A  delicate  membTime  covers  the  antirrior 
segment  of  the  lu^ud  like  a  houd.  The  !([icnniit(«oa  of  some  vt-nebraies  possess 
at  the  anterior  extremity  of  the  head  a  projection  furnished  with  baibs,  whidi 
(-orresponda  to  the  houd.  The  middle  ac^iienl  of  tlic  qtennatocoon  aometimea 
prcsenta  tnuinvtrsc  ntriatiuii^.  due  to  a  s|imd  structure. 

G.  Rctiiu*  devcriK-v  the  n^errnatoxoon  as  possessing  a  special,  detached 
terminal  eegmcnt  "f  lh<^  tail,  which  reprekcnts  the  cxtrtmdy  oT  the  latter.  An 
ajtial  fiber  (Fig.  j;*'  '■<")■  surrounded  dv  a  proioplasmie  sheath,  pasan  ihrouj;!) 
the  middle  segment  and  the  tail.  The  sheath  i*  lacking  only  at  thp  pxtn-nutyl 
of  the  tail.  The  ;ixial  tilier  cmnvts  of  two  hlamenU.  each  "f  which  in  lurti  is 
made  up  of  niimcrcms  primitive  fibrils.  Also  the  terminal  segment  may  be  re- 
solved mtn  (nur  hijril.s.  Some  vertebrates  punsewt  a  marginal  filament  arvdng 
fron)  the  middle  ferment.  a.W>  an  accciuory  i:la;nriit  parallc)  to  the  axial  fiber 
and  a  steering  meniliranc  in  advance  ol  the  terminal  segment.  In  insects  and  am* 
phibia  the  ni^ifilirillatcd  axial  fi1>cr  formtt  the  nupporting  structure.  In  iuimr 
organisms  the  Kpermoto^oon  is  still  more  complicated.  Only  axial  fibers  having 
a  hbrillar  strucHirc  exhibit  motility;   those  not  so  constructed  are  molionleM, 

Thf  tiurnbir  of  flpennatotoa  in  man  reaches  60,900  in  1  eu.  mm.;  it  i»  increased 
after  sexanl  e^citemfnt      To  each  mature  human  ovule,  there  arc  approximately 

The  movement  of  th«  Bptrmatoioa  is  due  to  the  circular,  n-hiphke  oscillatJaa 
of  the  tail,  which  at  the  same  time  cause:^  rotation  about  the  long  tais  an<t  iK 
brought  atxiiit  by  the  proltiplaitm  of  the  middle  wgrnent  and  the  tail.  Both 
of  thcM".  ex-en  if  detached,  are  tapnble  of  mo\vnienl  Ciliated  cells,  whose  in- 
dividual cLIJfl  consifli  of  numerous  filanients  hing  side  Ly  side,  swarm-aporc^  in 
plants  and  ameboid  cvlln  »hoi,v  biiu1<jk<'u»  motOity.  as  tranMtiuns  between  ciliated 
and  ameboid  moveiticut  have  been  iibser^vij,  a*  in  monern. 

Human  spetmntoxoa  preserved  without  heat  have  exhibited  inotilitv  after 
the  Inpve  of  nme  daysiapermalosoa  from  the  ^linea-pig  after  the  lapse  of'elev^rn 
dnvs  Permitted  to  rest  passively  in  the  testicle,  in  the  abaence  o(  any  diluting 
fluid,  the  sjiemiatoxon  yuyt^xs  no  moiilily.  They  remain  eK[M-ciaIly  active  in 
the  normal  sccrelituns  of  the  female  genitalia  The>*  retain  their  motility  for  a 
euTuidersblc  length  of  time  also  in  all  normal  anitiial  secretions,  except  salt%'a. 
On  adilition  of  water  they  become  rdtcd  into  rinp  and  ceaae  their  movement 
Alao  alcohol,  ether,  chloroform,  ereoaote,  gum,  uextrtn  and  vcsetable  mucus, 
concentrated  solution  of  gna;>c-sugar,  as  well  as  cxceasively  alKalinc  uiennc. 
and  exceedinglv  acid  vaginal  mucus,  acids  and  metallic;  safta  and  exccs.8ik-i.-lv 
high  and  exceM»-ely  low  temperature  inhibit  the  activity  of  the  apermatoeoa. 
Their  motilitv  ismialTvcted  by  narcotics,  insofar  as  the  v  are  chemically  indtflerent. 
and  by  solutions  of  urea,  itugar.  albumin,  conimnn  Kalt.  glycerin,  amygdalm  and 
other  lubstances  of  m<>derate  strength :  although  these  inlubit  moliUt'y  like  water 
if  greatly  diluted  and  by  abstraction  of  water  if  unduly  concentrated. 

It  is  noirwctrlhv  that  the  n-si  <icciirring  iifter  ihi-  aciion  ot  water,  a«  well  aa 
that  on  gradtial  cv^^tit^n  of  movement,  may  be  terminated  bv  the  action  of  weak, 
alkidic.i,  an  may  tw  observed  also  in  ciliated  epithelium.     Pvrhac^  the  alkaliea  , 
ncutraliic  an  acidity  of  the  protoplasm  induct-d  by  fatigue,  atthoutth  Hngdmaaa 
attributes  TCKiorutive  power  to  nnall  quantities  of  acid,  alcohol,  and  ether. 
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The  &t>cnnatozoa  of  the  bug  may  be  frnecn  four  unKs  aucxzcssivel)'  without 
injur>-;  they  ciiilurv  A  ht'ui.  o(  4.1.75°  C.  and  continue  lu  live  fur  seventy  days 
in  th«  tcs&iclc  tmnsplantcd  to  the  nbdominol  cavit)'  oi  anothvr  fix>K. 

On  accoiintof  the  largv  proportion  ofcBrthy  salts  thev  cnntain,  snormAtoiion  can 
be  (luved  un  A  fjliUs  slidi;  uil<l  nevi-rtheless  rvluin  Ihirir  foriu.  like  lli^  cfttn  of  »t\mc 
plants  rich  in  ash,  (or  exampk-  the  etiuisiMa™.-*.  Nitric,  sulphuric,  hydroclilortc 
and  boiling  acetic  acid,  ami  caustic  alhahrg  Ho  not  <ii'*troy  the  (onii  nj  the  spef* 
tnatozoa.  Solutions  of  sodium  chlorid  and  potassium  nitrate,  of  from  10  to 
15  per  cent.,  transform,  the  Kpcrmatotoa  inttj  amorjilioui  cluiiifis.  The  organic 
eumtiinct:  rescmWen  the  semisolid  altiuniin  uf  epiihi-li;il  iells. 

In  addition  to  spcmiatOEua  the  seminal  lluid  cuncains  .-^vtninsl  cells,  n  few 
epithelial  celb  from  Uic  v&sa  defcrentia  (laolotcd  cxaingilcs  oi  which  arc  in  a  stale 
of  collotd  defeneration},  number*  oi  IccithinKr-uiules  9ui<i  lAx-Hsiuiirtlly  laminated 
amyloid  bodies,  grwiulor  or  scidy  ytrllow  pignieat,  especially  in  later  life,  leuko- 
cytes and  spcfm -crystals. 

Th«  devolopraent  of  the  spcnnatOEOon  (Fig.  jfs)  has  been  made  clear  only 
in  recent  times  after  conslderaole  rewarch,  especially  by  v.  Ebner.  whose  results 
were  ot>taincd  simultaneously  and  independrntlv  by  iJie  author.  Fnoin  the  nuclear 
protoplasmic  layer  (Fig  155,  /.  b  and  /F.  'i)  finini;  the  inner  surface  of  the  n-all 
of  llic  seminal  tubules  (/,  a  and  IV.  ill.  which  is  composed  of  several  layers  of 
interl^ni;  daxlic  lil>erH  (inlerapcTHcd  with  flat  cells),  lar^e  columnar  procesacs, 


K 
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(ISS. — SponiBiDgenBu  [SMniilUst«mi>BUlc)^  I.  Ttatunrrm  •enton  cd  ■  umliul  lubule:  «.  iim  shKUh:  A.  in 
ffolQpLiun'r  inrrm«l  It^rr.  t,  t|h^rinft1uLU>^:  r,  Htiiln&I  <.(IU  IJ.  tmrnaluiv  t\rrrtiit'AAa*l'.  f^  ill  h'^inord 
Upprt  lobula-.  »,  imiiiijl  trlU.  ///,  S|«muMhUii  with  iHuitrl  ipi-nii»iii»>oii:  «.  (prrmaiciooc;  f, 
KoiiQd]  40U.  tt\  SprtnuiloLUal  Willi  fii«Iurc  liE*Jk  (^k)  lOii  Uli4  C^).  it,  witU  c4  liie  ■rmiriAl  luLutt;  it.  fro- 
UpJnwkk:  Uja  of  ItiB  intnite;  p.  Kntlul  ull. 


0.053  ™™  ions  (/.  1:  and  //,  ///,  J\'~),yT>t)i'Ci  into  the  lumen.  These  break  up 
at  their  (r^e  extremities  into  sewral  oval  lobuli-s  (//)  like  ears  o(  com  and  ;ire 
known  as  spermatoblasts  or  seminal  ears.  These  formations  were  first  dis- 
covered b;y  SerloU.  who  conudcred  and  de.iignated  them  "supporting  cells." 
They  cunnist  uf  soft,  finely  j^TaiiuUr  protoplasm  and  contain  an  oval  nucleus 
usually  in  their  lower  portion,  in  the  course  of  dcrclopmcn;  each  lobule  of  the 
EpermatobU^t  is  prolonged  into  a  long  ciliuni.  like  the  liratns  of  an  ear  of  com 
{/V,  r).aiid  in  the  depth  of  the  lobule  the  head  and  \hv  middle  scj^int-nt  of  Ihexpemia- 
toioon  {IV,  kj  are  developed  fro<n  a  con  den  oat  ion  o(  the  protoplasm.  In  this 
Stage  the  spermatoblast  rt-sttniblcs  a  very  large,  irregularly  (onneil  cilialei!  cyhn- 
dlical  cell.  When  devck'pnient  ia  complete  the  he,'id  and  the  nuddle  segment 
become  ^'paraied  fimn  the  inutber-eell  (///.  i).  and  Uie  remainder  of  the  spcrmalo- 
Unst,  with  its  resnltinK  jpiblet-shancd  depre.ssions.  rcsembli-s  a  threshed  ear  of 
com  {in.  I).  Later  it  undergoes  fatty  degeneration.  The  spermatozoon  >ta«:lf 
often  exhiUi-s  for  a  loiig  titiu-  an  atlhcrcnt  tn&ss  of  protoplasm  at  the  junction  of 
the  head  and  tKe  middle  segntciit,  ri^prc.icnting  a  part  of  the  spemiuloblasi 
(IJl,  I).  In  accordance  with  its  development,  the  spcrmatoioon  may  be  rtgardi-d 
as  a  dotncbed,  indi^pendenily  motile  cilium  of  a  huge  ciliated  epitheluil  cril  Ho- 
twcen  the  spermatoblAsts  lie  numercms.  round,  ameboid,  un  encapsulated  celli. 
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under^uinfC  divinon  and  towani  th«  t«nmnation  o(  thu  provns  aSD  connected 
tvith  lilamirnU.     Tht^M;  arv  <ii'Ugiui1«d  i«tninal  cells  i,t.  s  uvl  II.  HI.  IV,  p). 

Cootrar}'  to  tlir  drKripium  just  ^ven  t}>e  formation  of  iprrmaioiua  haa 
recently  been  deacribcd  as  follows;  Tbc  spcmutotoa  originate  frooi  K-minal 
cells.  s]>cnnatO|[oniii  or  iirimitive  seminal  cdU.  These  multiply  by  mdinct 
divLsioQ,  move  toward  th«  center  of  tht:  srminnl  tubule,  increase  in  sice  And  arc 
known  as  epcrm&tocvtcs  ur  seminal  mother- ccUe.  Eacli  one  aov  further  &ul>- 
dividcii  into  lour  c«lU— tH«  spcrroatids  or  ficniinal  cclia.  which  move  further 
toward  the  lumen.  Each  of  ihcac  d*v<lopa  into  a  seminal  filament  or  spcnnMio- 
conu.  the  nucleux  of  the  c«Il  forming;  the  hend,  a  nralt  portion  of  the  oell-ttn^ 
toplssm  the  cilhim  of  the  siiermalowwjn.  while  the  axial  tibcr of  the  latter  developa 
from  the  central  body  of  the  cell.  For  the  comjilcte  devplopmeni  of  the  sj>er- 
matoioa,  it  is  now  necessary  that  the  spermatids  tsmiitidl  cells)  miiie  with  the  tivt 
extremity  of  Sertoli"*  "summrtinji;  wlln"  ihrimijh  »  fnnti  iif  nvjiulaiiiui.  and  here 
mature  as  upon  a  nourisnin}:  stem  and  tintdly  bccotnt^  dctnchcd.  The  united 
formations  arc  the  spcrmatoSasls  of  Ebncr. 

In  modl  animals,  the  spermatozoa  are  cMpil1ar>'  in  form,  with  lartECr  or  siaalln 
heada.  Tlic  Utter  at«  elUptical  or  pear-sha{M>d  (mammaL;)  or  cylindrical 
(htrds,  amphibia,  lish)  or  Rpiral  («ngtn^  birds,  shArts,  viwparidfr)  or  simply 
capillary  (insects  and  other  animals)  (Ftg.  3$*).  Nonmotik  seminal  cells  diner- 
ing  entirely  from  the  capillary'  fomi  are  found  in  myriapocis  and  oystetv. 

OmMiIerahle  inten^Kl  htU  lieen  aniuitecl  by  the  ml>c'iitJinciiif^  injection  of 
orchitic  extract  rrcenily  made  by  Brown-S^^qiiard.  This  greatly  increases  the 
ability  to  indulge  in  muscular  exercise;  c(«iicidently  with  the  diminution  in  fatiHie 
there  ls  a  diminution  in  the  iiuhjcctivu  aennc  of  fatigue.  There  is  greater  ciMmp- 
ancc  and  rccupcrution  has  an  increased  inllucnce. 

The  sigTiilicancc  of  the  secretion  of  the  accessory  sexual  glands  (prvi«tst«, 
seminal  vesicles,  Cowpt;r'»  ulandl  has  not  been  fully  made  clear.  That  thes^-  play 
Kome  part  in  the  act  of  procreation  is  evident  from  the  fact  that  after  their  extir- 
pation the  impri'gnatinfT  power  of  the  semen  ofti-n  ce**eK.  In  rets  castrated 
nefore  puberty,  the  accesson.'  se.xual  glands  do  not:  develnp.  Ilammar  found 
i«creti'>n  also  in  the  epididyiiiiK  of  dojp.  (■:uiraiii^ir(  or  division  of  llie  hemmal 
tubules  causes  stniphy  of  the  ^nistatc.  The  secn-lorv  ncrvc«  of  the  prostate 
are  the  hypogastric.  Tlic  seimnal  vesicles  ]»reservc  ineir  function  in  sexually 
nuitiirc  individuals  even  after  castnitinii 


I 

I 


THE  OVUM. 

The  human  ovum  (from  o.iS  to  0.7  mm.  in  diameter)  is  a  globular, 
cell-like  structure,  presenting  a  thick,  firm,  clastic  capsule,  with  delicate 
radiating  striations  (oolemma  or  zona  pellucida).  protoplasmic,  granular 
contractile  contents  (yolk,  vitellus),  including  a  clear  vesii  ul,tr  nucleus 
from  40  to  so  f  in  diameter  and  possessing  a  nuclear  framework  (ger- 
minal vesicle)  ami  a  nucleolus  from  s  to  7  ;•  in  diameter  endowred 
with  amoboid  movement  (germinal  spot).  The  chemical  composition 
of  the  ovtun  is  described  on  p.  4»3- 

The  zona  pcllucida  (o.oi  thick)  (Fikv-  356.  357).  to  whose  surface  cells  o< 
the  cumulus  oophor\iB  often  adhere,  may  be  re^rdcd  as  a  cuticular  mcmbrww 
developed  se^ondnrilv  from  the  f<^IIitU-,  Internally  to  it  in  many  mammals  and 
directly  upon  the  yolk  lies  a  delicate  membrane,  which  is  probably  the  ori^^itia! 
ce1I-meml>rane  of  the  ovum.  Between  the  xima  pcllucida  and  the  votk  hes  a 
small  perivitcltinc  spucc  (Fig,  356),  The  (incly  radiate  Mriatinns  ol  the  lona 
pellucida  are  due  to  the  presence  of  niunerwis  pore-canals,  throuuh  which  the 
iLdjacent  cells  of  the  trranutota  send  i>nx:c»ses  for  purposes  of  nutriti<m. 

Zn  the  ova  of  mjuiy  iinimals— hnloihurimis,  many  fUb.  for  example  ailcVle- 
badcs,  muttcla,  etc.— a  special  micropyle  is  observed  In  addition,  sums  ova 
pOMCas  a  number  of  porvcanalti  collected  together  at  a  special  area  of  the  Otiilar 
membrane  (many  insects,  for  example  the  flea),  and  those  tet^t  partly  aa  • 
mMtos  of  ingress  to  the  spermatozoa  and  partly  for  the  rMpsratory  tntvrchancc 
of  gases. 

The  yolk  has  a  peripheral  clear  layer,  which  encloMs  a  Bnely  granular  layer 
and  the  Utter  tinallv  a  ccnlnd  m;uis  cuntainin];  numerous  granulea-^rolk-gramtln 
or  van  Bencden's  deiitoplasm  (Fig.  i$61. 
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The  development  of  the  ovum  taken  pl«ce  in  the  foUowing  manner;  Thcstuiace 
o(  the  ovary  is  covcrcJ  with  cylindrica!  epithelium,  the  ao-called  ftttninal  apt' 
liifliuM,  between  which  h«ri:  nnif  there  lie  round  primordial  ova  (Vtg.  35^,  /,  a  a). 
In  placetth«epithclia)layerdipsdotvnto  form  tubular  depresiions  in  the  mriace  of 
the  ovary  (//).  These  tubulLtt.  which,  according  to  Waldeyer,  are  derived  from  the 
germiriaf  layer  of  tlic  ovary,  bi^uinc  clct-pcr  and  denjier.  and  within  themjan 
observed  isolated,  large  globular  cells,  with  nuclei  and  nucleoli,  and  also  a.  Ur^per 
number  o(  smaller  parietal  cells.  These  lubes  arc  the  ovarian  or  ovular  tubes: 
the  larerr  round  cells  arc  the  ova  (primitive  ova'),  the  amaller,  the  epithelial  ccUs 
of  the  tubes  {/).  At  the  bottom  of  the  tubc-s  the  ovular  celts,  which  may  undcno 
mitotic  divisioa,  predominate.     Later  on  the  orifices  of  tbc  tube*  close  and  tne 
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Flo.  jM,— A  Fraih  Ovum  fwm  rtn  Ovur  «i a  Wotmh  Tkirtir  Ytan  OM.    TTir  MtM6»  viiellw  whtre  ikp'ovr- 
■dIiibI  vciicic  a  dtualcd  \m  dlircwl  (ovitd  (be  oU«r<^,  wti<:>  (hiu  loglu  dircCfiT  iip«D  ibe  aciniuuJ  vuiilt 

wiilch  «e%  kipi>D  Ihit  iJcuLuilum,  


tuben  are  constricted  off  bv  the  fiTOw^ll  of  the  ovarian  siroma  inlo  isolated  rouuded 
compartmertB  (/.  c).  Each  constricted  companm«nt,  which  contains  usually 
one,  occasionally  two  ova  (/V.  00),  becomes  a  Oraafum  follic-le.  The  (oUiclcB 
become  distended  with  fluid:  their  parivtal  ocUs  become  tbc  opitbelium  of  the 
(oUicte  or  the  cells  of  the  granulosa,  which  ai  particular  points  surround  the 
ova  {IVy.  Such  areas,  designated  cumuli  oOphori.  are  spindle- shniied  or 
cylindrical  and  consist  of  sevcraflayers:  they  produce  tbc  zunapellucida.  Accord- 
in(r  to  Home  otwervcrs  the  >*otl(  also  is  in  part  secrcled  by  these  cells  into  the  ovule, 
and  a  number  of  the  cells  arc  believed  to  penetrate  into  the  ovum.  The  follicles, 
at  first  only  0,0^;  ram.  in  diameter,  attain  complete  development  only  at  the  time 


948 


THE   0\'VM. 


of  puberty.  The  maturing  follicles  (/lO  >t  lint  sink  mure  deeply  into  the 
of  the  ovary,  become  iJi.steridfii  by  takine  up  water  (liquor  foIlicuU),  itcqiiin 
a  vascular.  iiidcgicndciiL  wcll-dilicrcnLiutca  capsule  (thcca  folliculi).  and  their 
epitlieliiim  (IV,  g)  (intmlifAna  ):n»iiulutMi)  incrvuMre  through  inilticb  tn  a  nmtlar 
nianner,  to  form  a  layer  of  several  rows  of  small  celU.  In  the  last  .ttaces  of  ripeo- 
ing  the  follicle  lo.iv««  the  depths  nf  tlic  ctroma, aeain  to  Kach  the  surface:  it  now 
attAina  a  diameter  of  from  i  to  1.5  mm  ana  Is  rrady  to  ruptute.  Only  ■ 
Binall  number  o(  Graalion  follicles  attain  normal  final  development;  the  majority 
previously  undtri^-rt  atrojihy.  In  some  animuU  (rabbits)  the  occurmice  tA  furrow* 
ing  has  hrvn  iAtv;nid  as  a  noteworthy  phenomenon. 

The  medullar)'  ftubsisncc.  which  extends  from  the  liilus  into  the  interior 
of  the  ovary,  cunsiHls  of  vascular.  fibruuK  emuii-rtive  and  claKtic  tissue,  with 
bundles  of  uuttriatcd  muacle-iibcrt  i  in  cent  13d istinction  to  thi:  ci/rlical  sub- 
stance, which  contains  principaliv  cellular  connective  tissue,  with  the  epithelial 
coii.ititnenla  in  various  stages  of  development.  Tlie  ovary  j^ossesses  numeroria 
nonm*duIlated  nerves  (connected  with sympatheiirjtanfflia), of  whichihc majority 
termtn^le  in  the  walli;  of  the  vetselt  (also  ilic  eapillaric-s) ,  and  others  between  the 
foUicles  jand  upon  their  surface. 
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According  to  Paladino  the  ovBr>-  of  woman  is  in  a«tatc  of  continuous  invohi^, 
tiatl  and  true  new-formaliiiii   thruuKb  in^iiKination  of  the  cemuna]  epitheliuE 

Accordin);  to  Waklcyvr  the  mammalian  ovum  is  not  a  simple  cell,  Imt  a  mo! 
complex  simctiire  The  original  ovular  cell,  he  believes,  is  formed  only  firom 
the  germinal  vesicle  and  germinal  spot,  and  the  surrounding  clear  unencap- 
ralated  portion  o(  thv  yolk  (Fig  35tt,  ///).  The  rt-moininK  |>orti(iin  of  the  yolk 
is  ditriwd  from  iranBtonnvd  granmosa-cells.  which  also  constitute  the  xona  pel- 
lucida. 

In  animals  the  follotviiig  iieculiaritie^t  may  be  observed  in  the  formation  of 
the  ovum  itself.  The  first  ox'ulnr  cells  air  known  as  primitive  ovit  aw  ovogonia. 
They  divide  several  times  by  mitosis  ai  first  into  small,  then  into  larger  ova- 
mother  cells  or  ovocytes.  These  mature  and  after  midcTcoing  division  bv  mitcob 
once  or  twice  give  rise  to  the  polar  bodies  and  thus  form  the  true  fully  devel- 
oped ovules- 

Holoblattic  and  HsroblastJc  Ova. — The  ovn  of  batraehians  and  eyekwtfltruitii 
are  formed  aceordinf;  to  the  s.ime  t>7<  as  those  of  mamnuils.  Thc^  are  deilicnaird 
holoblastiir  ova.  IweauKc  ihrir  conu-nti:  ure  mtin-lr  traiiKfiirmn]  into  thr  Torma- 
tive  ceils  that  serve  for  the  development  of  the  em'br>o.  In  contrast  with  these, 
birds,  monolremala  amons  mamma!*.  rvpiile%.  and  the  remaining  lis h  have  u*- 
called  mcroblustic  ova.  These  contain,  in  additino  to  the  (white)  formative 
yolk,  which  cnrrcnponds  to  the  yolk  of  holoblastic  ova.  and  yields  the  rmbr>-onal 
cells,  also  the  so-called  nuliitive  ;t'olk  (>'ellow  in  birds),  which  serves  as  a  aouro« 
of  nutritio)  for  the  embryo  duniiK  the  perii>d  of  dc\x-lopmcnt.     This  nutritive 
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material  penetrates  into  the  orinnally  small  and  simple  ovular  cell  and  t-aiisesit 
to  swell  eurUiiiiOTablj^,  The  utnliryf-loRj-  ij(  the  Inrtl  *  c^ig  has  liliiurn  thai  only 
the  Bmall.  nmnd,  whitr  prni(i|i1asTnic  Rrnntn»l  lajx-r  at  the  cmter  ot  the  mrface 
of  the  yolk  frock's  treadle.  cJcaEriciila).  from  1.5  to  1.5  mm.  wdr  and  from  o.id 
to  0.37  mm.  tlitck.  curresrioiidK  Ui  the  ctwiients  of  ute  nmmnialian  ovum  and  is 
thercftJTc  the  (omwtive  ytilk.  It  coniaiiis  the  jct-miinal  wwrV  and  iht-  (jcmiinal 
spot  (Fig.  S!<9)-  I'rom  this,  whicli  contains  also  ihc  characlcnslic  while  yolk- 
<-lein«Jl«  {Fig,  360.  ii)  pf:>ce)W«  extend  into  the  ytllow  yolk  (Via  iS'f)  In 
addition,  ft  Ha* k- shaped  mass  of  white  yolk  extends  into  the  center  o(  the  yellow 
volk  {Purkinjes  latchrnj;  the  yolk  in  stirmunded  hy  .tn  extremdy  thin  mein- 
tirane  (white  yolV-mcmbrane  !«■  the  cortical  pmiojiljisml  (Fig.  359  ainl  Fig.  i(io) 
The  yftUm,'  ,iWfc  (miiritive  yolk)  consisis  of  soft,  yellow  non-nucleattd  cellular 
Structure)!  from  33  p  to  100  n  in  diameter,  and  tomewhat  polyhedral  In  «lia|>e  from 
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mutoal  pressure  <PiK.i6o,  6>.  Thvne  result  from  nroliferating  hj-perplaaia  of  the 
granulosa-cclls  of  the  Graalian  follicle,  which  Itnallv  give  rise  also  to  the  grnnulo- 
tibroua  two-l«y«cd  yolk- membrane  (Fig,  359).  The  entire  yolk  of  the  bird's  pgg 
bos  been  consldererf  equivalent  to  the  msmmaliaii  ovum,  together  with  it«  cor- 
pus luteum. 

When  the  yi|lk-Klobiile  in  the  bird's  ovarj-  is  fully  deitloped.  the  capsuln  of 
the  Graafian  follicle  is  ruptured  and  the  yolk-globule  pas-ses  in  a  rotator}'  fashion 
through  the  oviduct,  the  folds  of  who»c  muccnis  inenibnmc.  like  the  rifling  rrf  a 
;wi*lMrrr1,  idways  cjiuie  the  rcitntirjn  to  tnke  place  in  a  definite  inanner,  Numer- 
ous glands  in  the  oviduct  secrete  the  albumin  in  which  the  yolk  is  cnx'cloped  in 
laycr.s,  the  chaloEai  being  formed  at  either  pole.  As  ijie  tenacious  layers  ol  albu- 
nua  tend  to  unroll  again,  the  albuminous  layer  is  rotated  about  the  yolk  in  the 
bird's  egg.  and  if  frv*hlv  laid  eggs  are  permitted  to  float  in  concentrated  solu- 
tion of  sodium  chlorid,  all  will  rotate  in  the  same  direction. 

The  albumin  in  the  eggs  of  nesting  l>irdii  is  vitreous  and  tr.tnslucent  when 
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booled,  but  it  is  transfomied  in  the  process  of  hAtchiitg  into  a  auss  like  the  albumin 
In  Che  eggs  of  nonncsiinc  birds  (Iicn).  On  the  other  bond,  the  albumin  of  hcn'tttggi 
coagulates  on  mliliiion  of  dilute  sodium  hydroxid  into  a  vitreous  transparent  mMiti 
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The  SbeiB  of  tht  membrons  testacea  are  s«ereied,  spontaneoudy  coagulated 
Iccratin-lilw  AlamentK,  wound  spirally  atxnit  the  albumin,  upon  wni^  a 
porous  cenuint  (ttstH)  consisting  of  a  naixturc  of  albumin  and  time  is  depotited 
in  the  lower  porLion  of  the  oviduct.  A  ttructurchsi,  porous,  mucinous,  occasion- 
ally (atty  cuticula  repre- 
sents the  oiitcTinost 
shell-layer  in  sonic  birds. 
The  limcshcU  of  the 
bird's  egg  is  utilised  in 
part  for  the  formation 
of  thA  bonfts  of  the  chicle. 
■nio  coloring-tnattcrs  of 
ihe  surface  of  the  egg. 
whicli  are  uden  prci-uiit 
in  scvcftil  supcrpofcd 
layers,  appear  to  be 
derivatives  of  heraoRlo- 
bin  (hcmBtoporphyrin) 
and  biliverdin.  Hctwei-n 
the  albumin  and  the 
shell -membrane  there  is 
detached  epithcli\im  of 
the  o\idiici  (Fig.  j6i). 

The  whiU  y^!k  (ben) 
contains  albumin,  nu- 
clein ,  lecithin ,  potassium, 
glycogen  (?);  the  ytdk- 
membroiic  keratin-^  The 
yellow  yollc  contains  a 
nuclcin  containini;  ir<m, 
a   vilellin    rpgrmbling 

f;lobulin,  lecithin,  eho- 
eaterin,  fat,  cotoring- 
ntatters  <iron-lutt>in>, 
containing  neuridin.  glu- 
cose, mineral  matters, 
ccrcbrin  (?).  amyloid   ifranulcs  (?).  sodium,  potasnum.  calcium,  nngacauin. 

phosphoric  acid,  silicic  acid.     The  white  of  egg  oontiiiiin  cr>'stalliza5}c  ovalbui . 

(a  mixture  of  several  alliumins),  tocher  with  elobulin,  a  body  resembUng  mucin. 
sugar,  and  Iccratin.  The  ash  contains  more  chlorin  and  alkabrwL.  but  less  calcium, 
phosphoric  acid  and  iron  than  the  yolk. 
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PUBERTY. 


The  time  at  which  man  begins  to  be  sexually  mature  is  designated  the 
age  of  puberty.  In  females  this  occurs  between  the  thirteenth  and  the 
fifteenth  year,  in  males  between  the  fourteenth  and  the  sixteenth  year. 
In  hot  climates  girls  are  often  sexually  mature  as  early  as  the  eighth 
year.  Between  the  forty-fifth  and  the  fiftieth  year,  with  the  cessation  of 
menstruation,  the  reproductive  period  terminates  in  the  female  (climac- 
teric, involution);  while  in  the  male  the  production  of  spermatozoa  is 
observed  even  to  most  advanced  age.  From  the  time  of  puberty  sexual 
desire  is  awakened  and  the  matured  germinal  material  is  expelled.  All 
of  the  internal  and  external  sexual  organs,  together  with  their  accessory 
structures,  undergo  increase  in  size  and  become  more  vascular;  the  pelvis 
of  the  female  acquires  a  characteristic  shape.  The  evolution  of  the 
breasts  is  described  on  p.  418.  The  pubic  and  axillary  hairs,  in  the  male 
the  beard,  make  their  appearance  in  conjunction  with  increased  sebace- 
ous secretion. 

The  period  of  puberty  is  attended  with  alterations  in  many  other  organs: 
the  larynx  oi  the  boy  increases  in  size  considerably  in  a  sagittal  direction,  and  the 
vocal  bands  become  longer  and  thicker,  so  that  the  voice  becomes  at  least  one  octave 
deeper  (and  therefore  "breaks").  In  the  female  the  larynx  becomes  longer 
in  its  entirety,  and  the  range  of  the  voice  is  also  increased.  The  vital  capacity  in- 
creases considerably  in  correspondence  with  the  enlar^ment  of  the  thorax.  The  en- 
tire figure  and  face  acquire  the  contour  characteristic  of  the  sex.  and  the  mental 
tendencies  also  receive  a  characteristic  stamp  at  puberty.  The  vegetative  develop- 
ment with  relation  to  the  individual  is  ended  and  the  stream  of  growth  in  organic 
strength  now  passes  in  the  direction  of  new  production  or  procreation. 

MENSTRUATION. 

At  regular  intervals  of  from  27^  to  28  days  (solar  month)  there 
occurs  in  the  sexually  mature  woman  rupture  of  one  or  several  mature 
Graafian  follicles,  with  the  coincident  appearance  of  a  bloody  discharge 
from  the  external  genitalia.  This  phenomenon  is  designated  men- 
struation (menses,  catamenia,  courses,  periods,  monthly  purification). 
Most  women  menstruate  during  the  first  quarter  of  the  moon, 
only  a  few  at  the  time  of  the  new  or  full  moon.  In  mammals 
the  analogous  process  is  termed  heat;  especially  in  camivora, 
horses,  and  cows  there  is  a  bloody  discharge  from  the  genitalia,  and 
the  apes  of  the  old  world  have  a  well  marked  menstrual  bleeding. 

The  onset  of  menstruation  is  usually  preceded  by  signs  indicative  of  increased 
flow  of  blood  to  the  internal  genitalia,  such  as  drawing  pains  in  the  sacral  regions 
and  the  loins,  as  well  as  in  the  region  of  the  uterus  and  the  ovaries,  which  are 

sensitive  to  pressure,  fatigue  in  the  legs,  flushes,  alternate  heat  and  cold,  and 
even  slight  elevation  of  temperature  in  the  external  integument.  In  addition 
there  may  be  sluggishness  or  gastric  digestion,  abnormalities  in  the  evacuation 
of  feces  and  of  unne  and  secretion  of  sweat.  It  is  noteworthy  that  during  men- 
struation the  decomposition  of  the  nitrogenous  elements  of  the  body  in  the  meta- 
bolic process  is  diminished, 

Tne  menstrual  discharge  is  at  first  mucoid,  then  bloody,  and  it  lasts  three  or 
four  days  (rarelv  from  one  day  to  two  weeks).  The  blood  has  the  characteristics 
of  venous  blood  and,  if  admixed  with'a  copious  alkaline  genital  secretion,  it  ex- 
hibits a  lessened  tendency  to  coagulation,  which  may,  however,  take  place  in 
clumps  if  the  bleeding  be  active.  The  amount  of  blood  discharged  approximates 
between  100  and  200  grams.  After  ce.ssation  of  the  bleeding  itself  there  is  a 
moderate  discharge  of  mucus.     Subsequently  sexual  desire  is  generally  increased. 
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The  essential  cbaracuristk  toteroal  pbeaomeaa  of 
coQcrra :  ( I )  The  alteraiioas  in  the  BieviiK  nmcosa  and  {»}  cbr 
of  Che  ovamn  (oUtcIe. 

The  utcnae  aoicon  is  the  actual  soarce  of  tbe  hanoRb^e.    The 
dUated  epitbdhuD  of  tbe  reddoKd.  ^^Uy  swoDen.  ^oogy  and  mCl, 
endofnetrioin,  from  j  to  6  mm.  thick,  is  exfoliated      The  opentBi* 
tbe  nameroas  coovcti  tiled  utetine  gl&ndi  an;  distinct,  bat  tfaeir 
are  in  a  state  of  £att}'  degcoeratioc.  as  is  also  the  icterglaadnlar 
of  the  ceUx  and  the  blood-vesseb.     T^  dtftotntioa  «nd 

desqaaTPation  of  tbe  denncrated  tissue  -iotecratioa  take 

only  m  the  soperSoal  uyers  of  the  muuja<i^  whose  Iaeerat«d 
give  rise  to  tbe  bemotrtage.     The  deeper  layers  of  tbe  itia«o*» 
intact  and  from  them  reconstmctioa  of  the  entire  mocosa  takes  place  at 
tbe  dose  of  nenstntatioo. 
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The  second  important  internal  process,  ofmlatiom.  takes  plaoe  tit 
tbe  orary.  Tbe  latter  rccd^-cs  a  Eiratly  increMed  sttpplr  of  blood,  and 
the  most  mature  follicle  becomes  more  fully  distended,  projects  aborv 
the  sarian.  and  finally  mpturts  iu  wall  and  tbe  ovarian  capntle,  with 
bemoniiaee  from  the  taceratioo.  At  tbe  same  time  the  fimbriated  ex- 
tremity of  Che  tube,  in  a  state  of  erecticKi  from  the  ei^oqg^niem  of  tbe 
vesseU.  lies  in  close  apposition  to  tbe  oranr  in  such  a  maaner  that  the 
onun.  curied  out  with  tbe  liqnor  of  the  fcdlkle  and  the  sorrovadiac 
mmiiosa-cdis.  passes  along  the  ovarian  fimbriz  and  Calb  into  tbe  tabc^ 
The  ciUated  cells  of  the  tube  and  tbe  fimbri*.  moving  toward  the  aiems, 
cause  a  moTcment  of  tbe  Sind  joaiaemttg  the  owr  that  cnnies  t2»_ 
ovum  into  the  funnel  of  the  tube.  Dnralliex  and  Kuss  were  able 
tense  insertion  of  tbe  vesads  to  brine  about  arti6ci*l  erectMKi  mad 
plication  of  the  abdominal  prince  of  the  tube  to  the  ovazy.  Ro«_ 
'  '  '  ir<i  ■^v-'^r'ie-gtvrs  of  tbe  broad  Bgam— t^ 

.  cau^  the  necessary  tnjectMo  of 
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With  rvsn'<l  t''  *lie  connection  between  ov«!»i)Ofi  ftiid  tliddiKba^jc  o(  blocd 

from  the  endi>nu-trimii,  there  are  »t  the  presMit  time  two  views,     nitiger  con- 
siders the  blwrly  tslolintion  of  thi-  miprrliciAl  Uytr  o(  the  endometriiini  its  a 

prepsmtoTy     freshening 

tit    tht;    tl£i.nie«    (in    the 

Siin^C^l      snme)      ociur- 

rinf^    ph>'siolorically,  as 

a  result  of  vtliich  it   in 

rcndcm]  dipaklc  of  unit- 

tog   dnn]y   by  adhcuon 

(as  in  case  of  throinboets 

or  cicAthzntJon}  wJtJi  the 

ovum  ihnl  liniU  its  wav 

into  the  uterus,  so  that 

the    ovum     is     (urihrr 

nourished  from  the  new 

lining  membrane  of  tbe 

uterus  like  a  devclopeil 

or  aclhcrmt  part,     "njls 

%'icn'  is  entirety  at  vari- 

ftnce    with    unolhcr,  ae- 

cordins  to  which  there 

develop  within  the  uter- 
us marked  engnrgcmi-nt, 

sponginess.  and  KwelMng 

of    the    mucoctji.    under 

normal  conditions,  even 

before  the   discharge   of 

ovuiii  from  the  fdlifle.  in  ctm~ 

Mquvncc    of     a    sjtnpathctic 

formative    process.     The    exn- 

donietrimn    thtiit    prepared    is 

designated    the  menstrua!  de- 
cidual membrane      From  this 

point  of  view  it  t>  capable,  a.-i 

a  Kuiliililr  pltifc  cif  incul>nli<i4i, 

of    n-ccivina    an    impregnated 

ovum.     If,  however,  tlie  ovule 

has  not  iKvn  impre^n.-Lled  and 

if,  therefore,  it  ia  lost  after  its 

passage  tJiroujfh    the    genital 

canal,  dcttmclion  of  ih«  uter- 
ine mucosa  takes   place   with 

hemorrhagt',   as    alrcndy    de- 
scribed.     Aceordingly,  .the 

hemorrhage  fn>in  tin-  uterine 

mucowt  would    be   a   sign   of 

the  nonoccurrence  of  pregnancy.^    The  nittcosa  undergoes   destruction  becatuc 

it  could  not  be  utilized  fiw  the  time  being,  and  the  men.sirxinl   hcmorrhajjc  is. 

thtrvforc,  an  external 
sign  that  the  (lisct:ar^O 
ovum  hiu  not  Lcen  im- 
prvgn;klcd.  Accordingly, 
pregnancy,  that  is  tfic 
development  of  the  fetus 
In  the  litem):,  miint  be 
reckoned  not  from  the 
last  menstruation  that 
occurred,  hut  frum  the 
first  mcnatnintton  that 
was  alwent. 

With  the  niplurc  of 
the  E'llliclc.  thf  cumulus 

oAphorus  first  is   detached  from  the  wall   of  ihc  latter,   the   most    superficial 

portion    of    the    fnlliclu,    dosignatcil    the    stigma,   becomes    thin,    its    vessel* 
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arc  obliterated  at   this  poini  and  the  tissue  uiidergoes  airoidiy,  so  that  wxtU 
increosinK  prouare  rupture  must  talce  place  hirri:. 

After  TOcnstmiitiDii ,  the  epithelium  of  the  utcriac  imicoMi  is  rrgcccratcti 
by  indirect  dis'Uioi),  paTtictilaily  fri>m  the  Mxtcciith  to  the  rtghlvmtb  dfty  af 
the  bcRiitrtiDK  of  mcnstruati'>n;    ihc  prcinmrtruul  swelling  ot  the  mucosA  faej 
Again  between  the  «i^tecath  and  the  nineteenth  day. 

In  individual  cases  ovulaticn  and  the  formation  of  tlic  menstrual  de 
may  taVc  place  independently:  so  that  mensiruatioo  may  occur  without  ottilatic 

(mom  frequent)  or  o\-ulati<ni  without  mennnu 
tion  (celdom).  Menstnial  blvrdinf;  occtin  onl] 
in  ibc  presence  of  ovarian  tissue  and 
RufTicient  develonment  nf  the  uttrrine  mucc 
Althuug^h  many  facts  tend  to  support  thia  nw 
ccapcjrtion.  thfie  still  remains  the  diiricuUy  that 
in  anintaLa  that  have  several  placc-ntal  »ii«rs  (foCj 
example  the  cow),  bleeding  takes  place 
these  vituftliont  at  the  time  of  hrat. 

Formation  of  the  Corpus  Lutcwn.- 
follicle  whoit  coiitoiils  have  Iweii  dt«chjl 
coUapies-  Jn  ii»  interior  tlicre  remains  the  Itninx 
of  jn^nuloaa -cells  and  a  small  amount  of  tHooii 
which  quickly  coagulates.  Tlie  &mal!  wound  oa 
rupture  umlentoce  acatrucation  after  the  KL-rutti  h:ia  been  absorhcd.  llie  wall  of 
the  follicle,  which  has  become  vascular,  now  snells  as  n  re»ult  of  mitotic  divisioa 
of  the  celb  of  Chc  inner  thecal  urall  and  forces  inward  %Hl!o»i8  granulations  of  yonas 
connective  tissue  (Fig.  J*?),  rich  in  capillaries  and  cells.  Leukocyte*  wander 
into  the  cavity.  Lutein-cells  are  (ofmea  anew  throuch  rrolifemtion  of  ihr  in- 
ternal connective  tissue  layer  of  the  wall  of  the  (ollkle  (Fig.  366I.  The  corpua 
tuteum  ia  not  an  epithelial,  but  a  cooneciive  tissue  structure.  Internal  to 
lutein-cdls  a  layer  of  connective  tiasuc  develo^M  later  on.  ^  The  lutein-cells  sut 
qucntly  undcrjto  dcgenemtton  and  there  rt-innins  a  cicatrictall)'  coniractcd  "cor^ 
ptts  albicans.".  The  capsule  hrcomrs  ^adually  more  and  more  fused  vnth  the 
ovarian  stroma. 
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Should  piwnancy  not  occur  after  the  mcnslruatiao.  absorption  ol  the 
(omied  takes  pwe.  with  the  fonnatioQ  ol  a  dyvtalhiie  body  formerly  auppoaed 
to  be  bercatoioin.  but  shown  to  be  lutein  «r  Upochrome,  and  of  other  pijEntcot- 
deiimitivcs.  while  the  ydlow  body  undert«M  (oufons  conir.»ction  withta  four 
weelcs.  down  to  a  small  icronant.  Sueh  yellow  bodies,  when  precnaney  dora 
not  sabseqtwnllv  take  place,  arc  dcaignatcd  «(nttio«a  eo*p.Jf*  lutea.  If,  Kowmfrt. 
pregnaacv  resulu.  the  site  of  the  body,  in  arcordanra  with  the  greatly  mcnuvd 
^rmative  ptoe«««9.  is  quite  eonsidrrabto  <«ipeciaU)r  in  the  third  or  fourth  months 
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The  wall  is  thicker  and  the  color  is  deeper,  so  that  the  body  at  the  time  of  labor 
Btill  measures  from  6  to  lo  mm.  in  diameter  and  its  remains  may  be  reco^izable 
even  after  the  lapse  of  years.  The  yellow  body  after  pregnancy  is  designated 
the  true  corpus  luteum  {Fig.  367). 

ERECTION. 

The  knowledge  of  the  distribution  of  the  blood  in  the  penis  is  due  to  the  in- 
vestijgations  of  C.  Langer.  The  albuginea  of  the  cavernous  bodies,  consists  of 
tendmous  connective  tissue,  closely  reticulated  elastic  tissue  and  unstriated 
muscle-fibers,  which  form  a  firm  fibrous  envelop,  from  which  innumerable  trabec- 
ule of  similar  structure  pass  inward,  so  that  the  cavernous  bodies  acquire  the  con- 
figuration of  a  sponge.  The  anastomosing  spaces  thus  produced  form  a  labyrinth 
of  venous  sinuses,  which  are  lined  by  endothelium.  The  largest  of  these  spaces 
are  situated  in  the  lower,  outer  portion  of  the  cavernous  body;  in  the  upper 
portion  the  spaces  diminish  in  number  and  size.  The  smaller  arteries  of  the 
cavernous  boaies  arise  from  a  branch  of  the  arteria  profunda  of  the  penis  running 
along  the  septum  and  they  reach  the  trabecule  in  a  tortuous  course.  Some  of 
the  small  arterial  branches  in  the  cortical  areas  pass  directly  over  into  the  larger 
venous  sinuses;  but  similar  direct  transition  from  arteries  to  venous  spaces  takes 
place  also  in  the  interior  of  the  cavernous  bodies,  A  capillary  network  occurs 
also  in  the  cortex  and  in  the  interior  of  the  cavernous  bodies,  opening  into  the 
venous  spaces.  The  helicine  arteries  of  the  penis  described  by  Johannes  Muller 
are  only  more  or  less  incompletely  injected  arterial  loops  bent  upon  themselves, 
whose  occurrence  is  due  to  the  cord-like  course  of  the  trabeculie.  From  the  in- 
terior of  the  cavernous  bodies,  the  vente  profundae  of  the  penis  arise  by  means 
of  fine  branches.  In  addition  venous  branches  pass  from  the  cavernous  spaces 
to  the  dorsum  of  the  penis,  uniting  to  form  the  dorsal  vein  of  the  penis.  As 
these  branches  pass  through  the  meshes  of  the  vascular  network  in  the  cortex 
of  the  cavernous  bodies,  it  is  obvious  that  constriction  of  the  meshes  resulting 
from  congestion  of  the  network  must  cause  compression  of  the  efferent  branches. 

The  spongy  body  of  the  urethra  consists  for  the  greater  part  of  an  outer  layer 
of  anastomosing  veins  lying  close  together,  surrounding  the  longitudinal  vessels 
of  the  urethra. 

In  the  dog  all  of  the  arteries  of  the  penis  pass  toward  the  surface,  where  they 
divide  in  tuft-like  fashion.  The  veins  arise  from  the  capillary  loops  of  the  papillie 
and  they  convey  their  blood  into  the  cavernous  bodies.  Only  a  small  amount  of 
blood  reaches  the  cavernous  spaces  through  internal  capillaries  and  veins;  and 
arterial  blood  never  flows  directly  into  them. 

The  mechanism  of  erection  consists  in  a  marked  distention  of  the 
blood-vessels  of  the  penis,  with  fourfold  or  fivefold  increase  in  volume, 
elevation  of  temperature,  increase  of  blood -pressure  within  its  vessels 
to  one-sixth  of  the  carotid  pressure  and  initial  pulsatory  movement, 
increased  consistency  and  erection ,  with  a  direction  of  the  organ 
in  conformity  with  the  curvature  of  the  vagina.  The  preliminary 
process  consists  in  a  marked  increase  in  the  arterial  supply  of  blood, 
the  arteries  becoming  dilated  and  pulsate  strongly.  This  process  is 
controlled  by  the  erector  nerves,  which  arise  principally  from  the  second 
(less  commonly  from  the  third)  sacral  nerve  (in  the  dog)  and  possess 
ganglion -cells  in  their  course.  These  nerves,  belonging  to  the  vaso- 
dilators, may  be  in  part  stimulated  reflexly  by  irritation  of  the  sensory 
nerves  of  the  penis,  the  transference  of  the  irritation  taking  place  in  the 
erection-center  in  the  spinal  cord.  Thus,  also,  sensory  irritation  induced 
by  voluntary  movements  of  the  genitalia,  may  excite  this  reflex  through 
the  ischiocavernosus  and  bulbocavemosus  and  the  cremaster  muscles, 
even  the  conception  of  sensory  irritation  of  the  penis  may  be  attended 
with  the  same  results. 

Some  vasodilators  pass  (in  the  dog)  also  through  the  lumbar  sympathetic 
and  the  internal  pudendal  nerve.  The  last-named  nerve  usually  contains  vaso- 
constrictor fibers  tor  the  penis,  although  the  erector  nerves  contain  some. 
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The  sta^ation  of  blood  in  the  penis  is  not  complete;  otherwise,  long-con- 
tinued erection  (priapism,  satyriasis)  would  under  pathological  conditions  give 
rise  to  gangrene. 

Blood-stasis  in  the  penis  is  favored  by  the  fact  that  the  veins  of  the  penis 
originate  in  the  cavernous  bodies,  by  whose  hardening  the  veins  must  be  com- 
pressed. Furthermore,  there  are  on  the  walls  of  the  large  veins  of  the  plexus 
of  Santorini  trabeculaa  of  unstriated  muscle,  which  in  contracting  act  as  columns 
penetrating  into  the  lumen  of  the  veins  and  in  part  hinder  the  flow  of  blood. 

The  dependence  of  erection,  as  a  complex  motor  mechanism,  upon  the  nervous 
system  was  demonstrated  by  the  experiments  of  Hausmann,  who  observed  that 
erection  failed  to  appear  after  section  of  the  nerves  of  the  penis  in  stallions. 
The  erection  that  occurs  in  women  is  less  complete  and  extends  to  the  cav- 
ernous bodies  of  the  clitoris  and  the  bulb  of  the  vestibule.  During  erec- 
tion the  communication  between  the  urethra  and  the  bladder  is  closed  partly  by 
swelling  of  the  caput  gallinaginis,  a  portion  of  the  spongy  body  of  the  urethra, 
and  partly  through  the  action  of  the  urethral  sphincter,  which  is  connected  with 
the  deep  transverse  perineal  muscle. 

EJACULATION.     RECEPTION  OF  THE  SEMINAL  FLUID. 

In  the  expulsion  of  the  seminal  fluid  two  distinct  factors  are. to  be 
distinguished,  namely:  (i)  The  passage  of  the  seminal  fluid  from  the 
testicle  to  the  seminal  vesicles,  and  (3)  the  act  of  ejaculation  itself. 
The  first  takes  place  continuously  in  consequence  of  the  advance  of 
newly  formed  seminal  fluid  through  the  activity  of  the  ciliated  epithe- 
lium (from  the  epididymis  to  the  beginning  of  the  vas  deferens)  and  as 
a  result  of  the  gradual  peristalsis  of  the  vasa  deferentia,  which  are 
provided  with  a  well-developed  muscular  layer. 

For  the  initiation  of  ejaculation,  however,  a  strong  peristalsis  of 
the  vasa  deferentia  and  of  the  muscular  walls  of  the  seminal  vessels  is 
necessary.  This  is  brought  about  through  reflex  excitation  of  the 
ejaculatory  center  in  the  spinal  cord.  As  soon  as  seminal  fluid  enters 
the  urethra  by  this  means,  rhythmic  contraction  of  the  bulbocavemosus 
muscle  takes  place  as  a  result  of  distention  of  the  urethra  acting  as  a 
mechanical  irritant,  and  the  seminal  fluid  is  vigorously  expelled  from  the 
urethra.  Both  seminal  vesicles  and  both  vasa  deferentia  do  not  always 
discharge  their  contents  into  the  urethra  at  the  same  time.  With 
moderate  stimulation  only  one  of  these  may  empty  itself  at  a  time. 
Coincidently  with  the  contraction  of  the  bulbocavemosus,  the  ischiocav- 
emosus  and  the  transversus  perinei  profundus  also  contract,  but  these 
have  no  influence  upon  ejaculation  itself. 

Also  in  the  female  there  occurs  under  normal  conditions,  at  the  height  of 
sexual  excitement,  a  reflex  motor  process  corresponding  to  ejaculation  in  the  male. 
This  consists  of  movements  analogous  to  those  observed  in  the  male.  There 
occurs,  first,  a  peristaltic  movement  of  the  tubes  and  the  uterus  from  its  comua 
to  the  vaginal  portion,  induced  by  reflex  irritation  of  the  genital  nerves.  Dembo 
observed  m  animals  general  uterine  contractions  after  irritation  of  the  anterior  up- 
per wall  of  the  vagina.  As  a  result  of  the  movement  of  the  tubes  and  the  uterus 
(which  corresponds  to  the  peristalsis  of  the  vasa  deferentia  in  the  male),  a  certain 
amount  of  mucoid  fluid  normally  moistening  the  uterine  wall  is  expressed  into  the 
vagina.  This  is  followed  by  rhj-thmic  contraction  of  the  sphincter  cunni  (analo- 
gous to  the  bulbocavemosus) ,  the  insignificant  ischiocavemosi  and  the  deep  trans- 
versus perinei  being  at  the  same  time  active.  As  a  result  of  the  vigorous  contrac- 
tion of  the  muscular  fibers  of  the  uterus  and  its  muscular  round  ligaments,  the  organ 
becomes  erect  and  descends  toward  the  vagina,  its  cavity  becoming  more  and 
more  reduced  in  size,  while  its  mucus  contents  are  expressed.  If  the  uterus 
later  on,  after  the  excitation  has  ceased,  gradually  returns  to  its  relaxed  state  of 
lest,  it  aspirates  into  its  cavity  the  seminal  fluid  deposited  at  its  orilice  (con- 
ception). 


958 


IMPREGNATIOK   OF    THB  OVUM. 


Such  aspimtioo  of  the  scminnl  fluid  by  the  iit«ms  bntatcd  to  muLuntun 
degrer  is  hy  no  mcAns  n«rf^«nrv  V>  fi'ctindntion,  'I'he  spennaxotcM  at*  cBpalA* 
by  their  own  movement  of  entering  the  uterus  from  the  vaginal  portiMi  through 
the  clear  mticiu  ibat  nortiially  i^t^cupies  the  cervical  canaJ.  IndL-ciI.  olxHTVatiosu 
as  to  impregnat  iim  wiLhimt  cTiJraiion  of  the  penis,  in  ooiwetjuf  tier  of  pnlholo^eal 
obstructions,  such  as  partial  atresia  of  the  vulva  or  vagina,  show  that  HpernutoBu 
may  travcnte  (he  entin!  vai^a  into  the  utenu. 

IMPREGNATION  OF  THE  OVUM. 
The  ovum  is  fecundated  by  the  pcnotration  of  one  spermatosoon. 

Since  the  time  of  Swammcrdam  (died  t68s>  it  has  been  known  thai  for  fecunda- 
tion l<>  tak<-  i)ln(^'  L'lnitacl  of  the  ovum  iiith  thv  Krininal  lluwl  is  necessary  and 
indeed  with  tne  sjicrmniozoa.  which  nccording  to  Hartsocckcr  penetrate  into  ibe 
ovum.  Barry  saw  Bpcrmatoioa  enter  the  interior  of  the  rabbit's  ovum,  Thi« 
takes  iiliicc  with  cunndcrable  rapidity  \iy  a  ImrinK-movi-ment  ihrouiih  the  capsule 
of  the  ovum.  The  inva»on  takes  place  eventually  throuKh  pores  that  arc  prcseni 
or  through  the  microDylc. 

In  the  mouae  and  tome-  other  mammals  tlie  civtin-  is  fturrcmnded  hy  a  space 
filled  with  fluid  (periovarial  sp.ice),  to  which  both  the  ovum  and  the  »pcnnato- 
soon  gain  access:  t>oth  art  cunveycd  hy  aspirating  movonicnts  of  the  tube  into  tiie 
Uterus. 

The  \'in!id  surface  of  the  ovuiu  affords  a  means  for  the  attachment  of  the 
sperm;il<>x<>i)n.  In  the  ca.tc  of  mcroblniitic  ova  th4;  sgHrrmatniooii  penetratca  in 
tne  situulinn  at  the  nucltrua:  in  that  of  hnloblaslic  ova  at  the  animal  pole,  when 
this  h  preicnt.  At  the  spot  where  the  hi;^d  of  the  spermatozoon  inccis  the  yolV. 
t-hi^  latter  thron's  out  toward  it  u  humj'like  clevaiiim.  As  noon  as  a  s]>c^rmiitoEoon 
has  pcnctnitcJ  into  the  yolk,  the  entrance  of  other  spermatozoa  seems  to  be  yj>- 
poscd  by  the  uppcnronce  o(  a  firm  membrane— thr  yoIk-mctnbTanc — upon  its 
surface,  which,  acting  an  a  protecting  wall,  prevents' the  penetration  of  other 
ipermatmtoa.  Neverlheleaa  in  the  case  of  mcrobl.istic  ova  (sel.-whianR.  reptile*, 
inwcis  and  othvrE>  the  penetratimi  of  sevrrul  spenniitozoa  takes  place  normal^ 
(or  the  purpose  of  feciindatioo— poh-spemiism. 

The  place  where  recundation  (impregnation)  takes  place  is  either 
the  ovarj-  (as  indicated  by  the  occurrence  of  abdominal  pregnancy)  or 
the  tube',  whose  numerous  mucous  folds  constitute  a  suitable  place  of 
lodymcnt  for  the  spermatozoa.  That  fecundation  may  take  place  also 
in  the  tube  is  shown  by  the  occurrence  of  tubal  ||;estation.  Spermatozoa 
must,  accordingly,  pass  from  the  uterus  through  the  tube  to  the  ovary 
and  they  do  this  probably  by  their  own  movement.  Whether  the  per- 
istaltic movements  of  the  uterus  and  the  tube  assist  in  this  tr.inspor- 
tation  is  uncertain.  The  ciliary  movement  of  the  tubal  cpithcHum 
can.  however,  have  nothing  to  do  with  the  phenomenon,  as  the  movement 
is  directed  outward.  U  the  ovum  enters  the  uterus  un impregnated, 
it  does  not  undergo  fecundation  here,  as  it  perishes.  It  is  bel)e%'ed 
that  the  extruded  ovum  reaches  the  uterus  within  two  or  three  weeks 
(ia  dogs  from  eight  to  fourteen  days). 

Double  impregnation  (twins)  occurs  once  in  iy  times  (in  tropical 
regions  more  commonly);  triplets  once  in  7C00  times;  quadruplets 
once  in  330.000  times;  sextuplets  are  extremely  rare;  scptuplets  (?) 
were  bom  hy  Anna  Breyers  of  Hamlin  in  1600.  The  average  number 
of  conceptions  in  women  is  4^.  The  largest  number  of  children  obfierved 
is  (rom  it  to  38. 

By  •u^rfecundatioa  is  understood  the  ooeurrencc  of  itie  imnregnation  of 
two  ova  dificharged  at  the  same  menstrua]  period,  as  a  result  of  dilTeTent  copol^ 
tions.  For  example,  a  marc  may  throw  a  foal  and  a  mule,  after  having  been  oovend 
tint  hy  a  stallion  and  lh<'n  by  an  ai>.  Thus.  aluo.  a  wonmn  lias  been  obaerved  to 
give  birth  to  a  negro  and  n  white  twin .     If,  however,  the  second  [ccundation  occufs 
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■crafa,  'Itie  ixTntUial  na- 
dir bu  eiIni<M  ■  polar  hedf 
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at  a  Ulcr  time  during  prcsn&ncy,  as  for  t-MunpIr.  at  the  second  or  the  tiurd  month 

(u iu a ca&c cited  ia  the  TiJinua), that  thciaicplicnomciioii  o( sttpcrlciaiivn  (kcuth. 

TtUs.  however,  ia  possible  only  in  Ihc  presence  ol  a  duublc  uttrus  and  ihc  pcrsietcncc 

of  mcnst  runt  ion  until  the  lime  of  the  secood  imprecation.     Hippix-ratc*  explained 

»iipi-rfclati'-in  as  liue  to  independ<-nt  pregnane  ice  in  tli«  horns  of  the  uterus,  u 

condition  that  according  to  Aristoile  octtire  with  cspecinl  frcqtimcy  in  haro:. 

StiprrfetAtinn  contiot  occur  in  thu  iioraial  utertis.  its  «  p'uf  of  mucus  occludrs  the 

cervical     cariRl     during     prcijniincy,    as     HerophJIus 

knew,  and  in  addition  from  the  fact  that  menstrua- 

lion  luniitlty  ceuMrt. 

Hybrids.  — ltnpn;j.Tiiition  is  possililv  also  boiwnrn 

related   lipi-civ^s  (horst.  afi£,    ccbrn;  dog,    jackAl,  wolf; 

Kout,    it';.\.      K^sit,    ftliecp;     varieties    of    the    llauia; 

catnel.  ilrinne'liiry ;    tiK*"'".  lion;  varieties  of  pheatantsi 

variolicsol  hnch;  goose,  swan;  carp,  enician;  varit'tics 

of  the  butterfly).     Most  of  the  hyi>rids  thus  produced 

are  stimlc.  chiefly  because  of  a  deficiency  of  oevcloped 

cpermatcdto*  in   the  mate.      Tlie  female  hybriil.   how- 
ever, may  be  impregnated  by  males  nf  the  snecics  of 

dtiier  of  her  parcais;   for  example  the  mule.      The 

prof^ny.  however,   urnds  to   revert    in   type   to  the 

species  of  the  pttrcnts.    Only  a  few  hybrid.t  arc  uipable 

of  procrcalioa  amone  thcmn-lvcs,  as  hybrids  in  dogs. 

In  different  spectes  of  frogs,  lb*  cause  o(  ih*  frequent 

failure  of  hybridiiatifm  is  to  be  found  in  meeh.-mical 

obstructions    to   the  ppnelmti'in  of   the    siMTmatoaoa 

into  tli«  o^tim.      Only  such  spermatozoa  as  are  more 

slender  and  more  vigorous  in  movement  than  ihote  of 

the  other  Kjwcic*  arc   caj^uhle  of  iini^rejfiiating  ova  of  the  Utter.      Therefore, 

the  pos^biliiv  of  hybriduatiom  between  two  species  is  almost  always  one-sided. 

In  .tome  amphibia  hybrid  fertiluiation  is  powiblc.  but  development  does  not  take 

place  H-Nimd  the  fimt  stages.     This  appears  to  be  due  to  the  circumstance  that 

ocUy  a  portion  of  a  spermatozoon  that  has  incompletely  entered  the  ovum  be* 

comes  active.     According  to  O.   and   K.    Hertwjg,   hybridization  can  be  more 

roadily   effected    in    echinodemiala  the  more  virile   the  «pennato£oa  and  the 

feebler  the  ova. 

In  breeding  atnong  close  blood -relationships  (rata)  increase  of  sterile  pairings. 

diminution  in  the  number  of  oflitprifig.  greater  niortaUly  among  the  young  and 

marked  inability  on  Ilie  part  of  the 
mother  to  notinsh  them  occur.  Certain 
bodily  defects  and  weaknesses  appear  to 
\ii}  iiicrL-a»eil. 

Exceptionally  the  o^'UIn  from  the 
raptured  follicle  of  one  ovary  may  cntw 
the  tube  of  the  opposite  side,  as  indicated 
by    Ih*    cAKCE   of   tubal  pregnancy  and  of 

iiri-gtiancy  within  a  rurtimcntary  uterina 
lom  abnormallv'  present,  in  which  the 
true  curpuK  luteum  ha^  been  found  In  the 
ovaiy  of  the  oppfisilc  side  (external  trans- 
migration). In  accordance  with  tlitB 
observaiiun  in  the  fact  that  fine  granulea 
suspended  in  water  findia  ink,  etc.), 
ana  injected  into  the  peritoneal  cavity, 
penetrate  into  both  tubes,  as  a  result  of 
the  action  of  the  cilta,  and  reach  the  uterus. 
In  unimald  ova  may  also  wanJtrr  throueb 

the   double   uterine  mouth:   out  of  the  one  and   through  the  other  into  the 

opposite  uterine  horn  (internal  transmigration). 

In  the  maturing  ovum  the  first  characteristic  change  afTccts  the  ger- 
minal vesicle,  which  divides  by  mitosis.  At  the  same  time  it  moves  to- 
ward the  surface  of  the  ovum,  and  loses  its  capsule;  its  chromatin-fibrils 
begin  to  form  t-onvolutions  and  bc-Lomc  cunverted  into  a  longitudinal 
structure  known  as  the  tmciear spindle .  At  both  poles  of  the  spindle,  the 
granular  elements  of  the  protoplastnic  yolk  become  collected  each  into  n 
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raiiiate  forrr.  ■■i:ii=tftr  .  When  this  has  taken  t;a:e.  the  p^ri^heral  r<;> 
of  the  nuile-js  of  the  ovum  th-^s  altered  a^-^rears  ar.ove  the  ;-ir:a:e  ct 
the  ovu:r..  r^-.'jmes  '.or-.-itricted  on  ar.c  exi,€'.Ie-i  froK-.  the  ov-i^:  '.iie 
a  -waste  t-roiu'.t  in  the  form  of  a  5ina;i  hocv  ■  F;?.  ;p.  vV  a-i  I'.V  . 
The  fonr.ation  of  a  seior.-i  y^olar  l.-o'iv  tai'ie-i  :'a:e  aga;::  rv  ~:t:-?is  -.- 
the  same  ■a-ay  -i-jrin?  the  j.^r.etration  of  '.':.':  •z.^Tzr.i.'.r.zOf.r..  Both  o: 
the  rocic-i  thu;  eliniir.atfl .  '.vhiih  are  o:  r.o  further  uie  ir.  the  zrcrth 
an'i  develop rr.er.t  of  the  ovjm.  are  ''eiigr.ate":  i:"-.:::::--  z.-ii-.:  c-z  r:.'.:' 
«/.-.  'Figs,  j'j^  ar.d  570  The  remair.ir.?  rort-oi:  of  the  ^rrS-a'. 
vesi'/.e  lying  near  the  i.eriter  remains  -A*ithir.  the  yo'.ic,  -^^-a-ders  :a:i: 
toxar-i  the  center  of  the  ovum,  inrrease;  :n  <izc.  ar.ith-.is  forms  the  eg^- 
nu'.leus  or  fema!e  pronucleus,  which  ha.s  no   .entro-ome 

The  ^penr.atozo'jn  that  has  entered  the  ov-am  move~  :■: ^ar i  the  remile 
pronui'eus.  its  head  r«com:ng  surrounded  hy  a  rad-atir.^  .irv-^-n:  then 


znn:-  b.T.\  -.'•■■■'.'.-  -.r.-',  ^.  -■.■.■\.T:l  T.'::v  Ti-  I'/u-  "he  "■'■•:-■;■.'■:•/  ■-.-  the 
;i:..'.'-:  f  :;:i  .■  ■:  .  rro~  th';  ■.onr.o_";ir.j  -•-.:T:",-:r.t  .1  vr.t-.-i'.me  jur- 
roun  io  :  -.y  r^;-  i-vt!-: -^  jh  :  z'r.:~  -  ■  r  '  i  r;-?-  ::-?;  ■■?;  -  ^^^^^t  the 
interior  o:  '>.-.■  ■/•■"t,.  Th-i-  fjr.tr^.- .n-.-';  ■.;  ::■.-:-  t...-^'.-:  :-.■-•.:, le*.:s  also 
divi  if:-       'I".':  r.-..'i!-  and   f-j:r..:i'.';:  :  rvr."   !-.■!   r.'  v,    -jr.;:-?  tj  i'-rz'.  the  r.e-x 

iphcrrr-     r';,::>:r::'   ^r^:::     :!:e    divi-ij-     jto    :r:      ■■.t.:.-.  t.     ^r :   :h^   y;-li; 


r .  i-  :  T.  .":.  i,.'  ;■    .ir;.'o    ■■•.■&    rich  in  yoVii.      ET'.::i  t!;*^!.-  icct— S'."'  -:  rrTr.-r.-jir;-;; 
■ir.  ■:   ■•■■'r.i-/n  prijliably  •ii5ar>[.<ar  littr      ''    H-:r-'.:;  .ir.-i   F-I  r::j>!i;  ;rr 

r- -r.ir-. :' !-■  ■.■■■- rvation    (in  echinodcraui   that  itVi.riI  -.rvr^--.*  '■■rrr.  :r>  :r.  ■:r.v 
._.,..-    .,.-■..  .^   -r.v'.ral  spemutoxoa  enter  the  ov-rjm  .irnTr^i"y      The  — .jI-j  rr  - 
'■:      -.  r-- ■■:'.•  ;ii'.'  I'rfim   the  mAridnal  qimnat>~>5'.'>n:es  thtir  -.airh  uriie  vi-h  j  iVii:- 
::;■.,■:'.        ■;.-■  i!i-intcgntcd  ~    "'' 
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CLEAVAGE,  MORULA,  BLASTULA,  GASTRULA,  FORMATION    OF 
THE    GERMINAL    LAYERS.        FmST    RUDIMENTS  OF    THE 

EMBRYO. 

In  the  fccund&t«d  ovum  the  yolk-mass  contracts  more  closely 
about  jlhe  newly  Iformed  nucleus,  becoming  somewhat  separated 
from  the  yolk- membrane,  and  there  now  follows  division  first  of  the 
nucleus  and  then  of  the  yolk  into  two  nucleated  kIoI^uIcs  or  blastomcrcs. 
.This  process,  designated  total  cleavage,  is  repeated  in  accordance  with 
the  method  of  cell-division  in  the  two  globules  fonned.  so  that  first 
4,  then  8.  i6,  ji,  etc.,  globules  result.  The  division  ceases  only 
after  the  entire  yolk  has  been  subdivided  into  numerous  small 
globules,  the  nucleated  cUavjgr-spltK'res.  or  the  unencapsulated  pro- 
toplasmic primitijv  cells  (from  jo  to  25  ."  in  diameter).  The  yolk 
now  consists  of  a  collection  of  primitive  cells  and  is  designated  the 
morula  or  the  mulberry  mass. 

The  di\*i£di>n  of  ilic  nucL-us  of  the  ovum  lakes  place  by  niilt>&is  after  ihc 
prev-ioiiB  formuliiiij  of  a  apindlc-forra.  Th«  cciitroBORie«  of  ihJB  first  cleavnKe- 
^lindle  are  derived  from  the  cemrtismne  of  the  sptrmntojt'rKjn.  Accordirg  10 
tlie  obnervatinna  of  van  B<!i)c<l<^  ih*-  eonsMluenU  <i(  l>oth  the  ftiBl<-  iind  iho  female 

(ininucleiis  pass  o\'er  into  the  cleAV-at!«-sphm-s  so  that  all  c«lls  of  the  body  are 
ormed  from  a  comt«nation  of  ihe  male  and  female  prorreaitve  elemenis,  "JTiik 
fact  explaiiiit  the  pnKe-vi  ii[  inlrcritnr>ce  fn»m  the  paU-nial  and  the  matvmal  or- 
jnmism.  Deiicicncy  of  oxygrn  zivcs  rise  in  the  ova  of  some  fish  to  an  involution  in 
the  process  of  cleavage.  'Phc  giiilruli's  ln-cunic  dissoU'cd  and  coalt-scc.  A  miewu! 
of  Utv  Bupplv  of  oxyKvn  »tiinulale»  the  pr<iccs.i  of  eleiivu)[e  unew. 

The  untlurm  mode  •^f  cti-.iVR);e  described,  >uch  as  occuni  in  maoiiQals  find 
ampliioxus,  is  design  a  ti'd  equAl  or  &<I(-(|ual.  A  R(x'<>nd  variety  of  eleiivuBc  i%  the 
total  unoqual,  in  which,  for  example  m  the  froj?*  egg.  one-half  of  the  volk, 
dexiffnatei!  the  ajiiTnnI  pcli-,  which  often  is  pigmented,  yields  mtich  smnllcr  clcav- 
age-cdls  than  the  other  .>r  vegetaiivc  pole.  The  emtiryo  forttiB  in  the  animal 
pole  When,  finally,  the  yolfc-mass  has  become  so  large  that  clenvage  leinainx 
cuntlned  to  the  animal  |i»lr.  then  itartixl  rlravaK'*  (dvxcrilit-d  later!  iiecurs. 

XumiTous  attempts  have  ri-cenily  brtm  made  to  trace  the  development  from 
a  single  isolated  blasionierc.  Some  fu vest iga tors  found  lliat  at  lirst  imly  a  riyht 
or  a  left  half  of  an  individual  (echinoderinuta'l  is  fonned  hum  one  blaM.oinere, 
hm  that  thiti  in  the  further  courw  is  capable  thtXHiKh  t">rt- generation  to  develop 
into  an  entire  being.  Other  'ibmTviTs,  on  the  other  tiand,  from  the  outsvt  'iV 
tained  from  a  Binglc  blastomere  (for  example  from  an  ascidian  o\-um)  an  entir« 
indiiidual  (even  to  the  dxteenth  di\'iHonI.  but  nf  smalUr  siw.  Under  speeial 
e.tperiraenial  oimditionK,  linally,  it  Kim  possible  to  produce  double  malformulion. 
from  partially  isolated,  bui.  partially  connected  blastomerefi. 

Under  normal  conditions  the  first  line  of  eleavage  (frogs)  paiuen.  a<,-cor(litie  to 
Rous,  in  the  same  'liret'liim  n.i  the  central  nervous  system  The  second  tiMuri' 
i^te^ect^  ihc  tirst  nt  right  angles  and  divides  the  uvum  into  [wo  unequal  parts, 
of  nhicli  the  larger  ser^'ca  to  fonu  the  cephalic  portion  of  tJic  einbr)-o. 

Meanwhile  the  ovum  has  increased  in  .size  ihrouKh  the  absorption 
of  fluid.  All  of  the  ceils  are  polyhedral  in  shape  from  mutual  pressure, 
and  form  a  cellular  vesicle,  the  germinal  vesicle,  which  is  applied  through- 
out its  periphery  to  the  zona  pellucida. 

The  human  ovum  has  reached  tliis  sta^e  of  development  during  the  flr«i 
week;  that  of  rabbits  in  4  dayti,  uf  ^■nini-a-pi^  in  3),  of  eau  in  7.  of  dopkin  li, 
of  foxes  ill  i4>  of  ruminants  and  paehvdennala  in  from  10  to  12.  of  deer  in  *» 
ilays.  In  »>me  antninlx  (for  exampK-  raM>ils)  the  itona  pvl'ucida  is  further  "iMr- 
roimdeil  by  a  lavcr  ijf  ulbiiinin,  A  small  c"!kcti("'»  of  bla?ilomi'r('s  'In  not  purtiei- 
potc  in  the  formation.  They  are  ap[Wirently  not  uiilixed.  and  apply  themKelve* 
-nt  one  point  on  thr  interior  nf  the  IJa^nia.  and  here,  later,  the  embryo  developti. 
6t 
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The  gertmnal  vesicle,  which  as  a  typical  stage  in  the  development 
of  numerous  animal  species  is  also  designated  the  blaelula,  thus  consists 
of  a  vesicle  with  walls  made  up  of  a  single  layer  of  cells,  as  represented 
diagramraatically  in  Fig.  J73.  i.  in  sagittal  section  (from  amphioxus). 
The  subsequent  important  formative  process  consists  in  the  develop- 
ment from  the  blastula  of  a  hollo'n'  stnicturc,  whose  walls  consist  of  a 
double  layer  of  cells.  This  prot-ess  of  transfonnation  uan  be  best 
followed  in  the  ovum  of  the  lancet-fish  (amphioxus).  Here  the  blastula 
is  invaxinated  m  one  point  into  the  interior  of  the  vesicle  (Fig.  373.  a), 
and  progressively  until  the  invaginated  layer  of  cells  comes  in  contact' 
with  the  opposite  layer  (3).  At  the  same  time  the  invagination -open- 
ing becomes  smaller  and  smaller.  The  stage  in  development  thus 
attained  is  designated  fiaslrula.  The  external  layer  of  celts  is  the 
ectoblast  (or  epiblaat),  the  internal  layer  the  etiloNast  (or  hypoblast). 
The  opening  is  designated  the  blastopore  (or  primitive  mouth),  and 
the  central  space  the  primitive  gut  (archcntcron).  In  vertebrates 
the  primitive  mnuth  Hoses  fully  in  the  roursc  of  further  development. 


fl4  jlj.  — 1-4.  F'jrmi.iion  M  <hr  tiyuotilui  \/y  iDruinaiioa  ol  ili(  bluiiiU.  Urd  tJie  refuldna  lUlnda  (ton  aniJU 
oKUt  nu(«C'(i«h|:  (,  ruly  (ml.  A.  laUrr  (lFnlopin«ni  ■>(  tijc  trnnMut  tijr  iim(lMiitiaa  In  BCmairKm;  a, 
Uuiofnn  (pnmiiix  m>->iiTih'i,  >,  cpbUu;  J>,  h<|>ilil4jii  in  vrrijca)  Hdloa;    ;,  A*  o<wn  ■■  >»  Ka^  (tMBO 

tram  iV  ilit;  >.  {■imitiie  nwuih;  r,  tptntl  fum*  Itlut  Kiutfcr]. 


■Wholly  identical  gastniJa-larvjB  arc  found  in  some  radiates  and  troims  that 
move  abuut  iiKltjit-tidi-mly  iti  waicr  and  nouriah  llicmsclvcs  like  the  ircJcntcratca 
through  Ihtf  priimiivc  muulh. 

The  formation  of  the  hypoblast  (h)  by  invagination  in  the  situation 
of  the  primitive  mouth  is  exhibited  distinctly  in  a  similar  manner  by 
thespecies  of  Hsh.  the  lampreys  (petromyron),  In  Fig  371.  5  and  6  illus- 
trate these  processes  of  formation  in  diagrammatic  section. alter  Kupffer. 
Il  will  be  observed  that  invagination  takes  place  from  the  primitive 
nouth  (ft)  and  thus  the  epiblast  (i')  and  the  hypoblast  (It)  are  formed 
in  layers  one  upon  the  other,  the  primitive  intestinal  cavity  being 
situated  beneath  the  hypoblast.  These  formations  develop  in  much 
the  same  manner  also  in  hatrachia, 

It  appears  justillable  to  interpret  the  analogous  early  dc\-cIopmrntal 
processes  in  mammals  in  a  similar  manner.  According  to  van  Benc- 
dcn  the  ovule  allcr  .segmentation  is  completed  likewise  exhibits  two 
layers  of  cells,  the  epiblast  (Fig.  373.  /,  r),  which  lies  next  tlie  zona 
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pcllucida  (Z).  and  the  hypoHast  (A).  The  primitive  mouth  (11)  here 
also  leads  to  the  central  cavity  of  the  ovum.  When  the  rabbit's  ovum 
has  reached  n  diameter  of  2  mm.  there  appears  at  one  point  the 
oval  embryonal  spot  or  embryonal  shield  (germinative  or  embryonal 
area).  The  cells  of  the  ectotlerm  multiply  so  as  to  form  Keverai  layers 
in  the  region  of  the  shield.  Curctul  examination  leads  to  the  detection 
further  at  the  border  of  the  latter  of  a  small  longitudinal  area  {If,  u), 
from  which  the  duplication  of  the  cell-layer  of  the  blastula  takes  place, 
and  which,  therefore,  must  be  looked  upon  as  the  blastopore.  From 
the  blastopore  the  lower  layer  of  cells  (hypoblast)  extends  in  the  region 
of  the  embr>'onal  spot,  althouKh  its  growth  continues  uninterruptedly, 
until  linally  the  entire  blastula  consists  of  two  layers.  The  site  of  the 
primitive  mouth  (//,  u)  becomes  the  so-called  primitive  streak  (///,  pr), 
which  at  first  appears  as  an  oval  elevation,  and  later  as  a  longitudinal 
furrow. 

The  primitive  slrrak  Qikp  thr  prirniiive  moutb  in  ^'n«ral  in  vertcbrateB) 
is  a  wmpnrarj'  structure.  It  is,  howevtr,  stilt  present  when  the  medullary  groove 
is  formetl  in  the  cpiblasi  (/T.  rf)  in  Imiit  r.f  it;  thcii  ii  j;i^*1ti»ll,v  atn>|)hi[-*  This 
sabjcct  will  hiter  im  \k  ilincussitd  at  greater  length  llic  primitive  strcdlc  picscnls 
a  nodular  swcUinK  (Hcnscn's  nodule*  anteriony.  and  posteriorly  a  ccrtnmal  en- 
largement. Tbv  furrow  of  the  primitii-c  streak  u  also  desiKnatcd  the  piiniitive 
groove,  its  borders  the  primitive  folds. 


KI>K 


^r- 


rfi 


pr- 


m 


IV 


FM.  mr-t,  Omm  of  Ihc  mbUi.  ilicf  Tan  KraiAm:  T,.  nana  iclluddt:  i,  tftlJut:  A,  brpohlaoi:  u  FfimiuT* 
moaifc.  It.  OvuBi  lA  die  nhblt  with  Iho  Idtar)  rudinitnUry  embrro:  ii  h  thr  eirlieo  (ormWjiiin  lA  isK 
primliivc  Hicak  <ar  pdmltive  mouth)  ud  be  rMocnuol.  lit.  Ktr,  RudlincDtuy  cmlirro  ho™  a  ■onx.-vnit 
old«  r*blilt.Avum:  ft.  (bejKimlu™  atak,  wtth  (roiiv».  IV.  SiiUl  liinhfr  .ttvelopBd  cmbm  (■n^Wh  dij); 
the  nidinrnlu}  cmlirra  (Gb)  uhfblu  kbov*  ihe  primitive  itnak  Ihe  Ani  indlottoa  ol  Uw  iiaiul  tatrom 
CtKtfKdUIkfr). 


L 


The  emhr>'onal  area  later  on  loses  its  pear-shaped  form  and  be- 
comes dumbbell-shaped.  The  portions  of  the  germinal  vesicle  adjacent 
to  the  rudimentary  embryo  become  more  transparent,  so  I  hat  the  latter 
is  surrounded  by  an  area  pellucida,  about  which  the  dark  embryonal 
spot,  or  opaque  area,  is  situated.  The  sona  pcllucida  now  acquires 
a  villous  appearance,  becomes  covered  with  a  gelatinous  layer  and  is 
designated  the  primitive  chtyrion  or  frochoricm. 

In  the  dog  Ihc  xona  become*  covered  in  the  ulcrus  trilh  »  coating  of  mucoid 
weretion.  Brwitiet  was  able  to  d^m'>nstr.iti^  thut  this  taaacious  <iecretion  pene- 
trateii  into  the  lumina  of  the  glandiilar  diici*  nml  thtii;  form*  gelnlinmis  Iitament^. 
which  formerly  were  erroneously  looiced  upon  at.  villi  springing  from  the  uma. 
They  s«rve  as  a  ineiint  of  atiacbmimt  and  of  nouiiRlintcnt  for  tbe  ovum. 

t.ater  on  a  new  layer  of  cells  extend.-;  from  the  primitive  streak 
between  the  epiblast  and  the  hypoblast,  namely  the  mesoblast  (Fig. 
376,  1).  which  soon  advances  over  the  region  of  the  embryonal  spot  and 
continues  to  grow  into  the  germinal  vesicle.  Blood-vessels  form,  further, 
within  the  mesohlast.  and  their  area  of  distribution  upon  the  germinal 
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Thus,  ihcrc  are  developed  in  all  vertebrates  three  germinal  layers. 
From  the  ectoLlast  there  results  the  central  ner\-ous  system,  the  epider- 
mal formations,  and  also  the  epithelium  of  the  organs  of  special  sense. 
From  the  hypoblast  is  formed  the  epithelium  of  the  intestinal  tract, 
including  the  cells  of  the  glands  that  result  through  cva^ination  from 
the  intestinal  tube.  All  of  the  other  tissues  of  the  Iwdy,  with  the  excep- 
tion of  the  parts  forming  the  vascular  system  and  the  coDnective- 
tissue  substances,  develop  from  the  mesoblast. 

The  crils  of  the  ectohhist.  but  pnrticulaTl >'  those  of  the  h)!^^*^.  take  tip 
during  development,  in  the  bird,  the  constituents  of  the  yolk  throueh  direct  active 
incor{}orutiuii.  and  in  this  process  the  aiiiubcid  niuvi:mcnt  i>f  the  cells  plays  a  role. 
The  p;irt»  tukeri  up  are  traiiKfonned  (digested)  within  the  cells,  iind  employed 
in  the  proccts  of  hMJldine  up. 

Tkr  dtfisitiM  .-ij  fJb^m/iiof  the  crcnwing  tiEsupstakeaplacc  tnthefollowinKntasnef - 
I,  By  dtttci  cell-aivision,  in  which  first  the  nticleus  and  then  the  oell-bodv  breaks 
up  into  two  halves,  for  example  in  the  diviKion  o(  tlie  emlirvuiial  erytnrocyw* 
(pdffc  4r>;  J.  by  iiuiirttt  cfUiUvuiat*  (mitotic  division),  in  which  the  foUoi»in£ 
processes  arc-  otscr^-cd  in  the  cell:  (a)  The  nucleus  becomes  colarcjd  and  its 
chromatin -net  work  increases  and  takes  un  a  dcfmite  Kroujiinj;.  Tlicrc  form 
looiiK,  which  at  one  pole  of  the  nucleus  (polnr  field)  exhihiL  especially  bendinKS. 
and  at  the  other  (opposite  polar  field)  the  extremities  of  the  Imibs  oif  the  loops, 
niis  is  the  stage  oi  the  close  skein  or  the  spirenw).  (6)  The  cl'»e  sicein  is  trans- 
formed into  th«  looser,  the  threads  becoming  separated.  In  this  pracess  fwrt  of 
the  loops  turn  toward  one  pole,  and  pnrt  to  the  other  (segmented  tkeiu.  0- 
(O  All  the  loops  movD  with  their  lx:ndin{!s  tiiwar<l  the  center:  and  then:  is  thus 
formed  the  star  (first  mother-star,  d) .  (d)  Meanwhile,  there  is  formed  the  achro- 
matic nuclear  spindle,  which  bears  at  each  extremity  a  polar  body,  from  which  the 
nucle.ir  priitDpUsin  pusses  in  a  radiate  miuiner — polar  nivs  (rf.  «,  j^ .  (r)  The  triofia 
divide  lengthwise;  each  half  mows  away  from  its  fellow  (r,  f).  Q)  The  loc^ 
undergo  a  TcarrauKcmenl — nictakincsis  (e,  f),  and  form  two  equatorial  plates, 
(g)  After  atrophv  of  the  connecting  threads,  the  protoplosni  of  the  nucleus,  and 
later  also  that  ol  the  cells,  wndergi^e-s  division,  and  the  network  of  both  nuclear 
halves  (dispircmc,  g)  appears  as  in  the  ongin.-il  form  of  the  undivided  nucleus  («). 

■ITie  cell  consist*  of  body,  nucleus.  .an<l  nucleolus  Thi;  cell -body  forms  a  mov- 
able protiiplaMn.  which  aiipean  as  a  thread  U'<  irk,  or  networlc,  or  honey -com  ti  work 
in  the  midat  of  which,  m  a  softer  substance,  tie  small  granules  The  nucletiB 
possesses  a  capnile.  and  consists  of  a  nuclear  ground-sul>stancc,  in  which  (color- 
able) cliromntm  nitd  ftchromiitin  lie  as  enclumre».  The  nucleolus  is  a  dcnx 
nia«s  of  chromatin.  Occasionally,  accessory  nucleoli  arc  present  (PVrraminE's 
reticular  nodes).  Finally,  the  cell-body  contains  also  the  crnlrosoine.  surrountK-d 
by  an  area,  ihc  actual  center  ol  mutiom  of  the  cell.  f*hich  aJsi)  breaks  up  in  the 
process  of  cell -division.  All  cells  are  derived  Irom  parent-celU;  Omnis  cellula 
ex  celltiln  (Virchow).  From  celts  at  first  apparently  eitnitar  the  elements 
of  the  dillerent  organit  ,ind  tissues  develop  through  tmnsformation.  If.  thereforv. 
all  tissues  are  n-fenible  morjihtilopcally  to  a  Rri(;k-  fonn  of  primitive  cell,  it 
follows  that  the  phvsinlngical  activity  of  the  different  organs  and  tissues  must 
be  referred  to  a  single  primitive  form  of  function,  to  an  '"identity  of  physiological 
activity. "  present  from  the  beginning.  The  proof  of  the  develo^Mnent  of  ibe  mecial 
activity  ot  the  tissues  from  this  as  yet  undifTcrcn tinted  primitive  form  of  vital 
manifcstalion  will,  with  certainlv.  at  a  later  period  constitute  an  important  chapter 
of  the  subject  o(  phj'siologicnl  development. 


FORMATIONS  FROM  THE  EPIBLAST. 

Upon  the  ectoLilast  there  is  formed,  in  mammals,  as  in  birds,  in  front 
of  tiie  primitive  streak,  and  at  a  later  period,  a  longitudinal  furrow 
(Fig.  373.  IV,  and  Fig.  374.  D).  whose  margins,  curved  anteriorly,  pan 
over  into  each  other;  while  posteriorly  they  pass  side  by  side,  ihaugn  in 
a  somewhat  divergent  manner.  This  is  the  medullary  nr  sfinai  t^roavr. 
Later  on  the  adjacent  margins,  the  nufdulUiry  or  sf>iHat  joldf  approach 
each  other  at  their  free  edges,  snd  finally  join  in  the  meiUan  line,  to 


0.  hvioblul.  II.  Cniu-mtitxi  "I  iliiik  (<rith  tii  ufimiiiri  icrtrtiiri  mi  ilii  fml  diy  M,  *:uul  luira*.  h. 
vpidrmiit-,  C  ptiEiniiii*  Vffi'bra^.  c»  rKnfdk  dtifftiLi^x  S«  ilir  liU^r&l  iilib^  klivirlril  i-bintwin  Utn^il*-,  ^ ^  ftiypi^ 
blur      III.  CroH  vMIiuii  of  (lutk  tm  thr  Kiiinil  ihj.  In  ihc  nKidii  Vhiml  ilii  bnn     M.  imiIuIIiut  cuui: 

iiDiiU'uti;  A,  >mni»iK  fiiM:  i.  auHA.  i.  t>j-|>obLul.  IV,  l>ut(i«iiiin*i]i:  iigjirMniJUkjiiuf  tl^  tini  cmbmiiul 
riMiiviii  in  |i>iuitii(Tinjil  H-Ltinii  V.  Diaffmntmilii.'  tritfT^rAiAluin  -jI  liir  tifoinnnut  c^f  ^llp  e"**^*^  ntrtin- 
Mrklii>ii .  I.  hnlfold,  D.uiviirul  the  Ivrccut;  S,  uixlxl  Ii4<l .  <1,  Mnd^ul  (kHitih  an  cuIt  ttui  ol  lorma- 
liiin  \~E,  I'kdtiEjTnfitJIJt  loihcilti'lLlvik  v^linritJl  iTir  tin\i1yii  ufirt  npiulrittiiiii  A  ji»  nri]p?ij(1riiit»«.4niJir  JLTTrnj 
V  n.  f)in.phDl»mr94ia]r  vrin:  *,  rudamrn Fbt)  Hllattbui:  A.  UTniiuilic  fnlcl  X'll,  Diifr^mmalir  ktiijfit^diul 
Kiliati  OirriiB^t]  *  b^i»L4n  <ivu;ii-  K«  fiMu  (hMLh  iiUn  -S«  i/:nfii»  uj^ulrL  i,  liiiirtn  nf  i4'tl»imII(  tnlilf .  \,  AinriuitiC 
f-j>iiv:  J.  alUnii-iiA;  N,  umlilllcd  ivud':  tn.  mi>iih!j>l:  h,  hcuT:  1.'.  primliti'  rui  VIII.  l>i»(r*<Bmat)C 
kiii|ffii'lin»J  vntiun  lLjouji)]  Lhc  prv-ciiuK  uicrui  M  (tic  itnir  ui  the  lufiiutkuc  uf  eI'^c  jjUii-ikel;  U.  miucular 
«.ill  ul  ihriiifTui;  p.  mm  mil  nimiiliftnrtillhr  •niiir  or  inir  tlrx  idui ,  I.,  miifnul  i.l»irtila  of  irfiiiinrilnriiJiiB ; 
r,  rrilf  1  ■In.i'Iua,  tlJ,  ilnTi-iiji  A,  arnnLin;  a,  ^imiiU'mil  vni,  *,  dlUjiL^n-B  fhly  tifpeSi**,  NJ,  iiintiil!^  %vuOe 
Willi  I>,  llir  ii'^iilulTjiiLruMii  <luii ,  I.  >.  ^itWI  iiimtniti:  li.  irnrlijJ  (tial.  IX.  lluJiun  cintic><i  it  the  tinie 
ol  the  viacirftl  ar(]ic-«  (diAfTEUkiQKlii-)  A.  ^inuiuij-,  V,  !i»fei«»Jii;  3J,  lEJUtj'mii.  II.  KiaJUroijIi  .*«,  tllertil*iti'. 
r.  iirimiliir  •niilir*.  •,  cir,  r>  iiu-il  ilrijcnuin,  :%  l-rontsl  iinnru.  y,  wirTTuI  nutl  iiokh;  n.  nlcnwl 
aiul  pTi"--^'  '  .iiii-riiir  maiiUiTf  jwcKr*.  ol  ih*  ftxti  iitHtil  «rdi:  i.  j.  j.  4,  ihetour  niferit  »nii«  with 
the  ml)  ■.  iiidiitirt  miilr;   b.  hLntl  nUh.  r,  itic  (finiltln  nmU.  nWh  illTiJn  Inie  ihe  bit 

Siinif^F  ■  ■,lin»irjl»:  um.  cinirihaloniEi«r«lf  uieiy.  b,  Ihetimeinrrv  tipmllif  uintiilic^lwaidft, 

Bj  t,  LiiiJi  —  .-■.  -ijn  Ttio;  L.  li'o  ■'">  till!  toijc  idvclicola  •nd  loibenia,  1>.  (M.  i,  inlnlor  <av»; 
T,«an]ii,  kll.  (Uauuilt  Nil)).  1,  ui  umUUol  uury.  ui'l.  >.  an  amhlllal  ida. 
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form  a  linear  union.  A  tube  is  thus  formed  from  the  furrow,  the  ittedul- 
lary  canal  (Fig.  376,  II,  III).  The  cells  lying  next  the  lumen  of  the 
canal  become  the  ciliated  cylindrical  epithelium  of  the  central  canal  of 
the  spinal  cord ;  the  remaining  cells  produce  the  ganglia  of  the  central 
nervous  system  and  their  processes.  At  the  cephalic  portion,  the 
medullary  canal  widens  out  into  the  following  dilatations,  of  progres- 
sively diminishing  size:  the  forebraiu,  prosencephalon  (rudiment  of  the 
cerebrum;  the  tnidbraiu,  mesencephalon  (quadrigeminate  bodies);  the 
hindbraiii.  metcncephalon  (cerebellum);  and  the  ajtcrbrain.  myclen- 
cephalon  (oblongata)  (Fig.  376.  IVandV;  Fig.  374,  F;  Fig.  377),  which 
gradually  passes  over  into  the  spinal  cord.  Below  the  hindbrain, 
in  the  vicinity  of  the  afterbrain,  the  spinal  furrow  does  not  close,  and 
there  remains  here  an  open  passage-way  to  the  contiguous  lower  portion 


F|i;  .i77,— Lalcrjl  Vicn  o(  Ilii-  Hrjiii  r>f  :i  Hum.in  Kmliryn  UtliT  Hi>).  V,  Prim.iry  (iirfhr.-iin  VMitli  \',  >«- 
oadary  (Drclirjin  cir  hrmi-iihrr.'  vp^dc;  /,  inlcrtjrain  irsiili-;  M,  miilHrain  vrtitlc;  H.  hindlirain  vesitlf. 
N.  ttilrrbnin  vi-sidr-  k,  4|>inil  ijnrliiin  nl  lh<-  nirdullati  r.injl;  Nk.  nufh.il  tliriun-'  Bk,  ponul  tlciHrc.  Sk, 
crani.il  rteiurv  l.inTi'riorJ. 


of  the  fourth  ventricle  (calamus  scriptoriusV  At  the  caudal  extremitv 
there  appears  also  a  dilatation  of  the  medullary  canal,  the  lumbar  en- 
largement. In  birds  the  spinal  furrow  remams  j)crmanently  0[x;n  in 
this  situation,  and  forms  the  rhomboid  sinus, 

"While  the  medullary  canal  develops  in  this  way,  the  primitive 
streak  j^'railually  atrophies,  and  finnlly  disappears  entirely  (Fig.  374,  /-  ). 
The  mcthdlary  canal  docs  not  continue  in  :i  straight  course,  but  it  bends 
in  several  places;  n:iTiiot\'  at  the  jimction  ot  the  spinal  cord  and  oblon- 
gata (nuclial  ilcxurci;  :it  the  jimcturo  ol  tlio  aftcriirain  and  the  hind- 
brain  (pont;d  ik'xiirci;  lin:illy  alinosl  :il  ,1  ri;^'ht  an,i;lo  between  the  mid- 
brain .-nid  tlie  iiia-liraiii  ( |i,iriiM  al  tlcxiirci.  ,\t  tirst  all  of  the  brain- 
vesicles  arc  wuiiMui  su)(  1  it  ;^\n.  I*"n'iii  iliv  forcbrain  vesicle  there 
grows  (in  eatli  si'lc  :(  jTihiihulat-'il  linljnw  \('si<le  (Fig.  37ft,  VI,  IX  l, 
the  jirimary  n;>lii-  \esi.le.      Thr  eiUire  reiiiaiiiuii;  portion  of  the  epibtasi 
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furnishes  the  epidennal  layer  of  the  body,  and  is  known  as  the  homy- 
layer.  The  stratum  comeum  can  be  differentiated  early  from  the  Mal- 
pighian  network;  from  the  first  arise  hairs,  nails,  feathers,  etc, 

FORMATIONS  FROM  THE  HYPOBLAST  AND  THE  MESOBLAST. 

From  the  hypoblast  there  forms  from  above  a  cordlike  arrangement 
of  cells,  which  is  placed  lengthwise  under  the  spinal  furrow — the  chorda 
dorsalis  (Fig.  376, 11,  III,  e).  In  man  it  is  relatively  thin.  It  forms  the 
foundation  of  the  spinal  column,  around  which  the  substance  of  the 
vertebrae  subsequently  becomes  so  arranged  that  it  pierces  them  like 
a  thread  through  a  string  of  pearls.  After  its  formation,  the  chorda  is 
soon  surrounded  by  a  double  sheathlike  covering.  Further  formations 
from  the  hypoblast  do  not  occur  at  this  time ;  it  lies  as  a  thin  layer  of 
single  cells  directly  on  the  splanchnopleure. 

While,  formerly,  the  chorda  dorsaha  was  in  general  believed  to  originate  from 
the  mesoblast,  most  observers  at  present,  incline  to  the  view  that  its  develop- 
ment takes  place  from  the  hypoblast.  The  chorda  begins  to  form  at  the  anterior 
nodular  swelling  of  the  primitive  streak,  and  grows  toward  the  head.  At  first 
it  represents  a  tube  (Kupffer's  canal,  chordal  canal)  which  opens  posteriorly  in 
the  [primitive  groove,  later  breaking  into  the  yolk-cavity.  The  chcnrda  occurs  in 
ascidia  as  well  as  in  all  vertebrates,  although  during  their  development  it  soon 
undergoes  retrogressive  changes. 

On  both  sides  of  the  chorda,  the  cells  of  the  mesoblast  group  them- 
selves into  cubical  structures,  always  arranged  in  pairs  one  after  the 
other:  primitive  vertebra:  (primitive  segments  or  somites.  Fig.  376,  II, 
u;  III,  u;  and  Fig,  374,  F,  us).  The  first  pair  of  these  represent  the 
atlas.  At  a  later  period  a  cellular  cortical  and  a  nuclear  region  can  be 
distinguished  in  each  primitive  vertebra.  The  body  of  the  primitive 
vertebra  is  used  only  in  part  for  the  formation  of  the  later  vertebra. 

The  portion  of  the  mesoblast  that  lies  peripherally  from  the  primitive 
vertebras,  the  lateral  plates  (Fig.  376,  II,  S),  produces  through  the 
dehiscence  of  its  cell-layers  two  lamellae,  which,  however,  remain  united 
opposite  the  primitive  vertebrae  through  the  middle  plates.  The  space 
thus  resulting  within  the  lateral  plates  is  designated  the  pleuroperitoneal 
cavity  or  the  ctelom  (III,  K).  The  upper  lamella  of  the  divided  lateral 
plate  is  closely  applied  to  the  ectoblast  and  is  known  as  the  muscHlo- 
CHlaneous  plate,  somatoplenre  (Fig.  376,  III,  x);  the  inner  layer  unites 
with  the  hypoblast,  and  is  designated  the  gut-fiber  plate  or  splanchno- 
pleure (III,  y).  On  the  opposed  surfaces  of  these  two  plates  there  de- 
velops the  flat  epithelium  of  the  large  pleuroperitoneal  cavity.  On  the 
surface  of  the  middle  plate  turned  toward  the  coelom  there  remain 
cylindrical  cells,  the  germinal  epithelium  of  Waldeyer,  from  which  the 
oviducts  and  the  ova  are  developed. 

From  the  somatopk-uri;,  according  to  Remak,  originate  the  skin  and  the 
musculaturi;  of  the  trunk,  as  well  as  the  vessels;  according  to  His,  only  the 
Tiuisculature  of  the  trunk.  According  to  both  observers  the  smooth  muscle  of 
the  digestive  tract  is  derived  from  the  splanchnopleure. 

Especial  emphasis  should  be  placed  on  the  views  of  His,  who  believes  that 
the  vessels,  together  with  the  blood  and  connective- tissue  structures,  do  not 
arise  autochthonously  from  the  mesoblast,  but  that  certain  cells  wander  from 
the  m.ar^nns  of  the  germinal  layers,  between  the  epiblast  and  the  hypoblast,  to 
form  the  structures  named.  They  are  not  formed  through  the  process  of  cleavage, 
but  are  derived  from  the  elements  of  the  white  yolk  lying  external  to  the  situ- 
ation of  the  embryo,  and  they  are  thought  originally  to  have  wandered  into  the 
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ovum  as  derivatives  of  the  e[>iihetiiun  of  the  GraaAan  fdlit-le.  His  dcagnaics 
these  formations  para  blast  ic ,  in  contra  distinct  inn  lii  the  arrliitilantic, -wlikJi  belong 
\o  tilt.'  thnv  ccnninal  layers  of  tJic  cmhryonnl  rudiment.  Waldcycr  also  bcUcvei 
in  the  pnmblajitic  (umiaiiun  of  blood.  va»tiiUr«idotbcli«m.  and  coniM-clive  tissue, 
although  h<:  considers  the  material  fnun  which  the  latti-r  art  dcrivi-J  uk  cohwiv*. 
«nd  as  living  protoplasm  of  the  sam*  signiheancc  lut  the  eVrwntu  of  the  nertn. 
The  doctrine  of  arcnihlast  and  parablast  has  teeently  experienced  many  modi- 
ficaliiinx. 

The  development  of  the  middle  wrrininal  hiy«r  .-md  the  fonnali<in  of  the  ornoi 
derived  from  it  consliiule  one  of  tlie  most  difficult  problems  for  inveiti^txm. 
The  vrork  of  recent  in veati gators,  pariicularlv  that  of  the  brothers  Mcnwig.  has 
shown  that  in  the  lower  vertebrates  (ampnioxus.  triton).  the  chonla  dorsalla 
and  both  walls  of  the  cadom-cavity  result  from  cvaeiaations  of  the  hypoblast.  ■* 


;/ 


m 


na.  3JX.— Scbvmeof  IhcFenratknaltttawrrtitiu)  thpOilnm  thmuah  Kvncluiktt al  ths  KypnblHiallft  lie 

Ttwri  d  ihe  Bnithm  Rrn-nw . 

Pie.  376  illustrates  in  u  diagrmmmatic  way.  In  /  is  tlic  l>e£innint  ol  ih«  central 
cvaguiation  ((or  the  chorda);  the  two  lateral  cvaginatione  ((or  the  walU  of  the 
ccelom)  are  still  in  free  communication  with  the  hypoblast:  in  U  the  pointsof  tht 
evagination  arc  narrowed;  and  in  ///  the  chorda  ^which  now  lie*  below  the  merftiJ- 
laryctinal  likewise  constricted  off)  is  fully  detached  and  apjiearr  in  cras-scction  a*  a 
rmind  liudy  In  the  s»me  way  the  walk  of  the  cirlom-carity  have  b«v«aw  de- 
tached, and  they  exhibit  their  two  plates,  the  somatopleure  and  tl>e  splanchtio 
pleure.  and  between  the  two  the  large  hodv-cavitv  ha»  expanded.  Tlie  intestinal 
tube  and  ihc  hody-caviiy  have  thus  each  olitaincd  Jin  independent  wall.  Accord- 
ing to  many  new  invcsti^ntions  buth  ectoderm  and  entoderm  participate  in  the 
formation  of  the  mcsodcnu.  which,  in  its  turn,  ia  capakle  of  prtxlucing  ihc  most 
varied  lisauts.  with  the  exception  of  the  nerves. 


FOLDING  OFF  OF  THE  EMBRYO.      FORMATION  OF  THE  HEART 
AND  THE  FIRST  CIRCULATION. 

Up  to  this  lime  the  «mbr>'o  with  its  three  gemiinul  layers  has  occu- 
pied the  level  of  the  layen  themselves  N'ow  (Fig.  376.  V)  the  cephalic 
portion  raises  itself  above  thi.';  level  and.  becoming  free,  it  rtows  more 
and  more  farwarii.  There  is  thus  formed  in  front  of  and  under  the  head 
an  invagination  of  the  germiniil  layers  known  as  the  head-fold  (V,  r). 
The  prominent  cephalic  portion  is  hollow  within  and  on  entrance  may  be 
Rained  from  the  interior  of  the  germinal  \'esicl€  into  the  cephalic  ca\-ity. 
The  latter  is  designated  the  fore-gut  cavity  (V.  I)),  and  the  entrance  to 
it  tlie  anterior  intestinal  portuL  The  formation  of  the  (ore-gut  through 
the  elevation  of  the  head  from  the  level  of  the  germinal  layers  occurs  m 
the  chick  as  early  as  the  second  day  (in  dogs  on  the  twenty-second  dayj, 
!□  an  entirely  similar  manner,  although  somewhat  later  (in  the  rhiclc 
on  the  third  day,  in  dogs  on  the  twenty-fourth  day),  the  nnalflgatu 
formation  of  the  caudal  portion  takes  place,  and  in  conswiuencc  of  which 
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also  this  projects  free,  with  the  formation  of  the  tail-fold  (S)  and  the 
hind-gut  (d),  to  which  the  posterior  intestinal  portal  leads.  The  em- 
bryonal body  thus  communicates  with  the  germinal  vesicle  by  means 
of  a  pedicle  that  is  as  first  wide  open.  This  pedicle  is  known  as  the 
omphalomesenteric  or  vitellointestinal  duct.  The  saccular  vesicle 
attached  to  it  is  designated  in  mammals  the  umbilical  vesicle  (VII,  N), 
while  the  analogous  much  lai^er  sac  in  birds,  which  contains  nourishment 
from  the  yellow  yolk,  is  known  as  the  yolk-sac.  Toward  the  end  of  the 
third  month  of  pregnancy  the  entodermal  lining  of  the  human  umbilical 
vesicle  develops  genuine  liverlike  glandular  tissue.  The  omphalomes- 
enteric duct  becomes  in  its  further  course  narrower  and  finally  is  oblit- 
erated in  the  chick  on  the  fifth  day.  'Where  the  duct  is  inserted  into  the 
abdominal  wall  there  results  the  abdominal  umbilicus ;  where  it  is  inserted 
into  the  primitive  gut  there  results  the  intestinal  navel. 

On  the  ventral  surface  of  the  fore-gut  and  the  hihd-guC  there  are  points  where 
the  mesoderm  is  wanting,  and  where,  therefore,  the  epiblast  and  the  entoblasi 
come  in  contact.  These  are  known  as  the  pharyngeal  and  the  cloacal  membrane. 
The  openings  for  the  formation  of  the  oral  and  the  anal  orifices  are  later  found 

in  these  situations. 

Even  before  this  process  of  constriction  takes  place  the  prinutive 
heart  develops  from  that  portion  of  the  splanchnopleure  that  is  in  con- 
tact below  with  the  fore-gut,  in  the  chick  at  the  conclusion  of  the  first  day 
as  a  rhythmically  moving  point  (*r(rp^  ^Mwitlvi)  of  Aristotle,  ptmctum 
saliens);  in  mammals  however,  much  later.  The  heart  (Fig.  376,  VI) 
develops  as  a  cellular,  hollow,  bladderlike  bud  of  the  splanchnopleure 
(originally  as  a  paired  structure).  Its  cavity  soon  dilates  and  it  grows 
into  the  coelom  suspended  from  a  mesentery -like  duplicature  (mesocar- 
dium) :  that  part  of  the  coelom  situated  in  the  vicinity  of  the  heart  is  now 
designated  the  cardiac  fossa  (fovea  cardiaca)'.  The  heart  acquires  a 
longitudinal  tubular  form,  with  its  aori:ic  portion  directed  anteriorly 
and  its  venous  portion  directed  posteriorly.  It  then  undergoes  a  mod- 
erate 5-shaped  curvature  (Fig.  384,  i).  From  the  middle  of  the  second 
day  the  heart  in  the  chick  beats  regularly,  about  40  times  per  minute. 
At  the  anterior  (aortic)  extremity  of  the  heart,  the  aorta  originates  from 
the  bulbus  aortje;  it  bends  forward,  and,  dividing  into  two  arches 
(primitive  aortas),  it  curves  beneath  the  brain-vesicles  and  descends 
posteriorly  in  front  of  the  primitive  vertebrse.  Both  primitive  aortas 
originally  terminate  blind  at  the  caudal  extremity  of  the  embryo. 
Opposite  the  omphalomesenteric  duct  each  primitive  aorta  in  chicks 
gives  off  one,  in  mammals  several  (in  the  dog  4  or  5)  omphalomesenteric 
arteries  (Fig.  376,  VI.  Ao)  which  divide  within  the  mesoblast  upon  the 
yolk-sac,  or  the  umbilical  vesicle,  into  a  rich  network  of  vessels.  These 
unite  and,  passing  backward  (in  birds  arising  from  the  terminal  sinus 
of  the  subsequent  terminal  vein  of  the  area  vasculosa),  form  omphalomes- 
enteric veins  (Vo),  which  ascend  on  the  duct  and  empty  into  the  two 
venous  trunks  of  the  heart  by  means  of  two  branches. 

Thus  the  first  or  primitive  circulation  is  completed.  Its  pur- 
pose is  to  convey  nutritive  material  for  growth  and  oxygen  to  the 
embr\-o.  Tlie  latter,  in  birds,  passes  through  the  porous  shell  of  the 
e},'g  from  the  air;  the  first  is  supplied  by  the  yolk-sac  until  the  end  of 
the  incubation.  In  mammals  both  are  supplied  to  the  ovum  from  the 
vessels  of  the  uterine  mucosa.     In  birds,  on  account  of  the  consumption 
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of  the  contents  of  the  yollc-sac  the  vascular  area  becomes  steadifp 
diminished.  Finally,  toward  the  end  of  the  j)eriod  of  hatching,  the 
yolk-suc,  which  has  become  smaller,  slips  into  the  abdominal  cavity. 
Upon  the  umbilical  vesicle  of  mammnl-s  the  rirrulatJoa  usually  disappears 
at  an  early  date  and  the  vesicle  becomes  transformed  into  a  tiny  ap- 
pendage,  while  the  second  circulation  develops  to  supplant  tlie  omphalo- 
mesent*Tic  circulation.  The  (irsi  vessels  in  birds  are  formed  outside 
the  embryonal  body  in  the  area  vasculosa  as  early  as  the  last  quarter 
of  the  first  day,  even  before  the  heart  can  be  seen.  The  vessels  devdop 
from  vasoformative  cells  of  the  blood- islands,  which  at  first  appear 
isolated  and  then  become  confluent,  and  whose  origin,  whether  ^tn 
mesoblasi  or  entoblast.  has  not  yel  bet-n  determined.  At  first  solid, 
they  later  become  hollowed  out.  In  mammaU  (sheep)  the  first  vessels 
also  appear  outside  the  cmbr>'o ;  tlie  first  blood-corpuscles  are  formed  to 
the  region  of  the  va-scular  are-a  as  a  product  of  the  endothelium 

lirithin  the  area  va£cuU«a  of  tlie  chick,  there  develops  a  closer -nieshcd 
lympluilic  can:il-t>-i!lrJn.  which  cnmnjunicalrs  with  the  ammotic  cavity, 

FURTHER  DEVELOPMENT  OF  THE  BODY. 

The  formative  processes  still  wanting  and  necessary  for  the  t>*pical 
development  of  the  body  arc  as  follow&: 

1.  The  ca>lom  gradually  increases  in  extent,  and  in  consequence 
the  differentiation  between  the  body-wall  and  the  intestinal  canal 
becomes  the  more  distinct.  The  latter  moves  away  from  the  primi- 
tive vertehrs,  the  middle  plate  becoming  elongated  to  form  the  be- 
ginning mesentery.  The  body-wall,  which,  at  first,  still  consists  o( 
the  epidermis  and  the  external  lamella  uf  the  lateral  plate  (mtaneoos 
plate),  undergoes  thickening,  the  primitive  muscle  growing  from  the 
muscle-plate,  and  the  primitive  bone,  together  M-ith  the  spinal  nerves, 
from  the  primitive  vertebra  beneath  the  epidermis  into  the  body-wall. 

2.  From  the  primitive  vertebrae  there  is  detached  a  portion  situated 
dorsally,  which  is  designated  the  muscle-plate.  The  remaining  por- 
tion of  the  primitive  vertebra  (true  primitive  vertebra)  now  unites 
with  its  fellow  of  the  opposite  side,  both  growing  completely  around 
the  chorda  (membrana  rcuniens  inferior;  in  dogs  on  the  third,  in  rabbits 
on  the  tenth  day},  and  also  enclosing  the  medullary  canat  (membrana 
reuniens  superior;  in  chicks  on  the  fourth  day).  Thus,  there  has 
taken  place  in  front  of  the  medullary  canal  a  union  of  the  primitive 
vertebral  masses  th.-it  enclose  the  chorda  and  therefore  form  the  basit 
of  all  of  the  vertebral  bodies,  white  the  membrana  rcuniens  su- 
perior, interposed  between  muscle-plates,  and  epidermis  on  the  one 
side  and  the  meiluUary  ijanal  on  the  other  side,  represents  the 
rudiment  o(  the  entire  system  of  vertebral  arches,  together  with  the 
inter\'erte!iral  ligaments  between  them.  The  spinal  column  is  in  this 
membranous  stage  an  exact  reproduction  u(  the  spinal  column  of  the 
cyclostoraes  (lamprey).  From  the  membrana  reuniens  superior  there 
arc  formed,  besides,  the  membranes  of  the  spinal  cord  and  the  spinal 
ganglia  and  nerves. 

In  rare  cases  the  formation  of  the  mmibrann  minicns  nipcrior  does  not  occur. 
Under  ijuch  circumstances  the  medultan'  caoal  is  covered  poncrioriy  by 
the  huniy  layer  (c^ndemitn)  aliini;,  viliicr  throughout  i\a  entire  extent,  or  only  io 
limitc-d  un,-as.  This  defect  in  <ivvel<.>pmcnt  is  kruow-n  na  spins  Nlida  (at  the  hc*d, 
hemiccplialuti} ,     Fftilura  in  the  devetopmcnt  oi  the  mcmbrnnn  rvunicns  inferior 
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i(  exCT'Mlidgly  'are.     This  aifcBl  of  development  j;iv*«  rise  lo  permanent  Mpaiv- 
lion  of  the  bodies  i>f  the  vertcbne  into  two  Inteml  halveii. 

The  cutaneous  jilatcs  finally  Rrow  also  toward  the  middle  line  of 
tile  back  and  insinuate  themselves  Ijetween  the  muscle-plates  and  the 
epidermis;  in  this  manner  the  dorsal  skin  is  formed.  In  the  mcm- 
hranouii  !>pin»l  L-ohimn  the  individual  cartilaginous  vertebrie  are  fonned 
succeiwively  (in  man  between  the  sixth  and  seventh  weeks),  but  these 
do  not  at  first  possess  closed  vcrtehral  arehcs;  the  latter  dose  in  man 
during  the  fourtli  month.  Each  cartilaginous  vert€l)ra,  however,  does 
not  develop  from  a  pair  of  primitive  vertebrtc  (thus,  the  sixth  cer- 
vical does  not  develop  from  the  sixth  pair  of  primitive  vertebra:); 
but  a  new  articulation  of  the  spinal  column  takes  place,  and 
in  such  a  manner  that  the  lower  half  of  the  precedioK  and  the  upper 
half  of  the  following  primitive  vertebra  unite  to  form  the  definitive 
vertebra.  In  the  process  of  chondritication  of  the  vertebral  bodies 
the  chorda  sufTers  a  reduction,  remaining  larger,  however,  in  the  inter- 
vertebral discs.  The  body  of  iht'  first  vertebra  unites  with  that  of  the 
second  to  form  its  odontoid  process;  in  addition,  it  forms  the  anterior 
arch  of  the  atlas  and  the  transverse  ligament.  The  chorda  can  be  fol- 
lowed upward  through  the  ligamentum  suspensorium  dentiK  to  tlie 
posterior  portion  of  the  splienovd  bone. 

The  hititngencUc  fomuiliun  of  eartiloKe  (runi  the  indillerent  fomiative  ci-IU 
takes  place  ihruujch  multifilicalion  and  i-nlHrEemeiil  i>f  the  cells  that  tinallv  hccomc 
clear  nucleated  \-csicles.  Tht  cc tin- ni -substance  probably  anginatcs  from  the 
union  of  tht-  cells  ui  the  pi.Titihcry  nnil  iluir  outer  jHiruon  (parietal  .vuloianrc) 
givinjc  off  t-bc  inlercelluliiT  .suliKijincc-  Whether  ilto  latter  puseesM'X  I'mr  cnnaU 
thai  cooncel  tht  intersiicu*  of  tliv  cartilage  is  aucfled  by  some  and  dctited  by 
Othera.  According-  lu  the  natcnieiit»  of  some  iiiveKtiKatorf,  the  j^ouiid- substance 
after  ifKctal  tr«-Btni<.-nt  nppean  to  Im.-  made  up  of  fine  fihnls. 

3.  In  the  cervical  portion,  on  each  side,  there  develop  four  deft- 
like  openings :  the  I'l-uvw/  clcjts  or  hraiulital  ofvfji'njis.  Above  the  clefts 
arc  recesses  in  the  lateral  wall,  the  viscertil  arihcf  (in  the  chick  formed 
at  the  end  of  the  third  day).  The  clefts  result  from  rupture  of  the 
fore-gut  from  within  (although,  perhaps,  this  does  not  always  take 
place  in  the  cliick.  in  mammals,  and  in  man),  and  they  are  surrounded  bv 
endoblastic  cells.  Upon  the  visceral  arches,  above  and  below  each 
cleft,  there  pass  on  each  side  the  aortic  arches,  of  which  there  may  tw 
as  many  as  live  (Fig.  376.  IX).  These  formations  are  permanent  only 
in  fish.  In  man.  all  of  the  clefts  are  obliterated  except  the  uppermost, 
which  forms  the  auditory  canal,  the  tynip.imim.  and  the  Eustachian 
tulie.  The  four  visceral  arches  are  for  the  greater  y»art  later  translonned 
into  other  formations 

In  the  middle  line  beneath  the  forehrain  is  a  thin  point  where 
(in  the  region  of  the  pharyngeal  membrane)  an  invagination  with  an 
emba.nkmentlike  or  craterlike  Ixjrder  first  takes  place,  followed  by  rup- 
ture, and  forming  the  {>rimithv  oral  orifice  (which  still  comprises  the 
mouth  and  the  nose  together).  Later,  a  depression  at  the  caudal  ex- 
tremity (in  the  situation  of  the  cloacal  membrane)  ruptures  into  the 
hind-gut.  forming  the  anus.  Should  this  fail  to  take  place,  atresia  ani 
Jesuits  The  lungs,  the  liver,  the  pancreas,  the  cecum  (in  birds),  and 
the  allantoic  (to  1>«  descrifjcd  later)  develop  from  the  entoblast  and  the 
adjacent  splanchnopleure  as  diverticula  from  the  primary  intestinal 
tube.  The  extremities  appear  as  short  stumps  upon  the  trunk  at  first 
devoid  of  members. 
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FORMATION  OF  THE  AMNION  AND  THE  ALLAHTOIS. 

IJuring  the  process  ol  folding-ofl  of  the  embryo  there  results,' 
first  (at  the  end  ol  the  second  day  in  the  chiok)  in  front  of  the  head,  a 
■foldlike  elevation,  consisting  of  epiblxst  and  the  outer  layer  of  meso- 
blast.  This  is  reflected  like  a  cowl  to  form  the  head-fold  for  the  cephalic 
portion  of  the  embryo  (Fig.  376.  V!.  A).  Later  and  more  slowly  there 
develops  the  caudal  fold  from  behind,  and,  finally,  also  between  these 
two  the  lateral  folds  are  fonned  (Fig.  376,  III,  A).  As  all  of  these 
folds  tend  toward  the  back  of  the  embryo  they  finally  grow  toother 
and  form  the  amniotic  sac  (in  the  chick  on  the  third  day).  There 
is  thus  formed  about  the  embryo  a  cavity  that  becomes  filled  with 
amniotic  fluid.  Also  in  mammals  the  amnion  develops  early  and 
in  the  same  way  as  in  birds  (Fig.  376,  VII,  A).  From  the  middle  of 
pregnancy  the  amnion  lies  in  immediate  contact  with  the  chorion, 
with  which  it  is  united  by  a  layer  of  gelatinous  tissue  (tunica  media). 

Both  the  amnirm  and  the  altantois  develop  only  in  mammots,  birds,  and  rep- 
tiles, wbicli  tlicrcforc  arc  designated  also  anmiota,  while  tbe  lower  vcrtcbraies, 
Ihe  anaiunU.  are  without  these  structures.  The  amnioiie  Itqnor  is  &  clear.  ««roua 
alkaline  fluid,  havHo;;  a  itpeeitic  gravity  of  from  looa  to  toaS.  It  contuns.  in 
addition  to  epithctiuni,  UnnKO-hnirs  and  from  i  tn  »  per  cent,  of  Jixwl  solids. 
The  Latter  comprise  allnirain  [Irom  i^  to  4  percMil.).  mucus,  globulin,  a  body  mem- 
bling  viiellin,  some  grape-Migar  (cow"),  allantoin,  urea,  ammonium  carbonate  (prob- 
nhlv  tnmiformed  from  ureii).  nomciimes  lactic  add  and  krealiniu,  calcium  milphate 
and  phospfaatvs,  and  sodium  chtorid.  The  total  amount  of  fluid  at  the  middle  of 
pregnancy  is  from  i  to  1.5  kilosi   ac  the  end  of  pregnancy  o.^  kilo. 

The  amniotic  Lquor  in  ut  fetal  origin,  aa  itA  prceenra  in  birds  indicates,  and  it  may 
be  a  transudate  from  the  ovular  mcmbraoes.  In  mammals  the  urine  of  the  fctua 
piobablv  contributes  to  the  accumulation  of  the  fluid  in  the  second  half  of  preg- 
nancy. '  In  cattle,  in  which  the  allantoic  and  the  amniotic  fluids  remain  pennonentry 
nepaniie,  the  t'intt  may  Iw  regarded  as  fetal  urine,  t)it;  latter  as  transudate.  In 
the  prpsoncc  of  the  pnlholopcnl  cimdition  of  hytirnmnios,  also  the  vessels  of  the 
Utenne  mucosa  may  secrotc  serum,  especially  when  there  is  stasis  in  the  distri* 
bution  of  the  umbilical  vein  in  the  placenta.  The  amniotic  lluid  protects  the  fetus 
and  the  vcsucls  of  the  frljil  mctnbnincs  fn>m  eAlenial  injiuries:  it  affords  free 
movement  to  the  limbs,  iind  thus  prevents  them  from  forming  adhesions;  finally, 
it  is  important  during  the  act  of  parturition  (or  the  dilatation  of  the  nxfutb  oi 
the  uterus.  The  amiiiixi  is  contractile  (in  the  chick  from  tliC  seventh  day  OA), 
from  the  presence  of  nmooth  muscle-fiberii  that  develop  in  the  cutaneous  plate 
(mesodermal  portion).     Nerves  h.ive  not  been  found. 

From  the  anterior  extremity  of  the  hind-gut  there  grows  a  vesicular 
sac,  which  appears  at  first  as  a  small  double  tubercle  and  then  becoming 
hollow  <Fig.  376.  Vll.  a):  it  projects  into  the  ccelom -cavity.  This  a 
the  allaMtcis  or  urinary  sac  (in  the  chick  before  the  fifth  day:  in  man 
during  the  second  week).  As  a  true  cvagination  from  the  hind-gut, 
the  allantois  has  two  layers;  one  from  the  entoblnst,  and  the  other  from 
the  splanchnoplcurc,  From  each  side  there  passes  u[>on  the  sac  the 
allantoic  or  umbilical  artery,  arising  from  the  hypogastric  arter>-.  and 
ramifying  upon  the  surface  of  the  sac.  The  allantois  grows  (like  a 
steadily  lillinjj  urinary  bladder)  in  front  of  the  hind-gut  in  tbe  alidominaJ 
cavity  toward  the  umbilicus,  and  finally  out  of  this  (at  the  side  of  the 
omphalomesontoric  duct),  together  with  its  vessels  {Vfi,  a),  and  it  ex- 
hibits different  relations  in  birds  and  in  mammals. 

fn  birds,  the  allanloL*.  after  passing  out  at  the  mnbilicus,  undergoes  excessive 
growth,  in  a  short  time  linim.*  the  entire  inside  of  the  shell  as  a  vascular  sac.  tta 
arteries,  at  first  brnncbc*  01  the  primitive  aorta,  appear  with  the  (levtlopiant 
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of  the  iMsterior  extremities,  as  branches  of  the  hypogastric  artery.  From  the 
rich  capiliary  network  of  the  allantois  there  originate  two  allantoic  or  umbilical 
veins.  These  enter  the  navel  and  pass,  at  first  in  association  »-ith  the  omphalomes- 
enteric veins,  into  the  venous  portion  of  the  heart.  In  birds  this  allantoic  circu- 
lation (or  second  circulation)  subserves  the  purpose  of  respiration,  as  its  vessels 
maintain  an  interchange  of  gases  through  the  porous  egg-shell.  This  circulation 
gradually  assumes  the  respiratory  function  of  the  jrolk-circulation ;  this  is  neces- 
sary, because  the  yolk-sac.  steadily  decreasing  in  size,  no  longer  presents  a  suffi- 
ciently large  respiratory  surface.  Toward  the  end  of  the  period  of  hatching  the 
bird  can  breathe  and  cry  within  the  shell,  a  sign  that  the  respirator}^  function  of 
the  allantois  is  taken  up,  at  least  in  part,  by  the  lungs.  The  allantois  is  further- 
more the  excretory  organ  for  the  unnary  constituents.  Especially  in  mammals 
the  excretory  ducts  of  the  primitive  kidneys,  the  Wolffian  or  Oken  ducts,  empty 
into  the  cavity  of  the  allantois  (in  birds  and  snakes,  which  possess  a  cloaca,  they 
empty  into  the  posterior  wall  of  the  cloaca).  The  primitive  kidney,  consisting 
of  many  glomeruli,  discharges  its  secretion  through  the  WoltEan  duct  into  the 
allantois  (in  birds  into  the  cloaca) ;  and  the  secretion  passes  hy  way  of  the  allan- 
tois through  the  navel  into  the  peripheral  portion  01  the  unnary  sac.  Remak 
found  in  the  allantoic  contents,  ammonium  and  sodium  urates,  urea,  allantoin, 
grape-sugar,  and  salts.  From  the  eighth  day  on,  the  allantois  of  the  chick  is 
contractile  from  the  presence  of  fibrillar  cells  that  are  derived  from  the  splancb- 
nopleure.     Lymphatic  vessels  accompany  the  arterial  branches. 

In  mammals  and  in  man,  the  relation  o£  the  allantois  is  somewhat 
difEerent.  From  the  first  part,  the  urinary  bladder  is  formed ;  from  the 
vertex  of  this  the  urachus,  at  first  still  open,  passes  as  a  tube  out  through 
the  navel  (Fig.  376,  VIII,  a). 

The  blind  sac  of  the  allantois,  which  is  situated  outside  the  abdomen, 
is  in  some  animals  filled  with  a  fluid  resembling  urine.  In  man,  how- 
ever, this  sac  atrophies  in  the  course  of  the  second  month.  The  vessels 
alone  remain  and  these  apparently  lie  in  the  splanchnopleural  portion 
of  the  allantois.  In  some  animals  the  allantoic  sac  continues  to  grow, 
without  undergoing  atrophy,  and  then  conveys  from  the  bladder  through 
the  urachus  an  alkaline,  cloudy  fluid  that  contains  some  albumin,  sugar, 
urea,  and  allantoin.  The  relations  of  the  allantoic  vessels  will  be 
described  in  connection  with  the  fetal  membranes. 

HUMAN  FETAL  MEMBRANES.    PLACENTA.    FETAL  CIRCXJLATION. 

When  the  fecundated  ovum  gains  entrance  into  the  uterus,  it  be- 
comes surrounded  by  a  particular  membrane,  which  William  Hunter 
described  as  the  deciduous  mcpnbra>te,  because  it  is  expelled  in  the  act 
of  parturition.  A  distinction  is  made  with  regard  to  the  basilar  or  true 
decidita  (Fig.  376,  VIII,  p),  which  is  nothing  else  than  the  thickened,  hy- 
peremic.  spongy  endometrium,  loosely  attached  to  the  uterine  wall.  From 
this  there  develops  an  especial  formation  around  the  ovum,  which 
receives  the  latter  as  in  the  pocket  of  a  swallow's  nest;  this  thinner 
membrane  is  known  as  the  capsular  decidua  or  decidua  reflexa  (VIII,  r). 
Between  the  second  and  the  third  month  there  is  still  a  space  in  the 
uterus  outside  of  the  decidua  reflexa,  but  in  the  fourth  month  the  entire 
cavity  is  occupied  by  the  ovum  and  the  decidua.  At  one  point  the 
ovum  is  thus  applied  directly  to  the  endometrium  {basal  or  true  de- 
cidua); but  in  its  greatest  extent,  however,  it  is  in  contact  with  the 
decidua  reflexa.     The  first  layer  forms  later  the  placenta. 

The  decidual  sw(jlling  and  softening  of  the  endometrium  begins  in  the  mucosa 
of  the  tubes  of  the  cervical  canal ;  in  the  third  month  the  membrane  is  from  4  to  7 
mm.  thick,  in  the  fourth  month  only  from  i  to3  mm,,  and  it  is  devoid  of  epithelium, 
rich  in  blood-ve.ssi'ls.  and  has  lymph-spaces  around  the  glands  and  vessels;  its  spongy 
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ti^tic  contains  liirf;«  round  cells  (d««idua)  cells),  which  in  the  depth  we  often 
tTsnsfonnpil  inin  Iitmllnr  ntid  cpinilIi.-'«lmTKil  Lt.-Il«.  in  adtlilinn.  It-uktx'rip«  sir 
preseni.  The  uterine  glands,  which,  at  t»e  Ix-ginning  of  pregnancy,  are  eaor- 
innuxly  tlevifloijcd.  uudcTf^o  a  trjinsfonnaiitm  bciwtt-u  ilw  iliird  aiitl'  th«  (ourtfa 
moniti  to  lanT-  n'mci^niitar  diljtlccl  lulic-s  In  lli«-  Inxi  inonih<;  thrtu;  Iwrtmi* 
indiatincl  and  iheir  epithelium  (i^-hich.  according  to  Friedlander.  Loll,  and  Hen* 
nig  was  originally  ciluud),  dis;ipiioai-a  progrr^isivcly  toward  ilic  dciitli 

The  captsular  dcciduu,  iiiucli  lliiiini.']'  tluiii  Ihe  true  dectduu.  is  dcvuid  of  cjn- 
Ihcltiim  and  alsa  of  vtrM«ls  and  glAnfU  from  thv  middli-  oi  preenancy.  1'oivard 
the  end  of  jiregnnrwy  hrtth  decidual  unite  completely  with  each  other. 

The  basilar  deeidua  .ind  likewise  the  utennp  placenta  consist  of  a  ooinpaei 
la}-ei-  (pant  caduca\  whicli  is  detached  during  laliot.  and  of  a  deeper  spongy  lajrer. 
in  which  the  pnxwn  of  deCichinnit  i»kfii  placi-  and  i>(  which  a  portion  rrmaiiu 
upnn  the  surfRce  of  the  inuM;u1aris  (pan  fixa).  From  the  latter  the  fegeneT;)tkn 
ul  tlic  new  mucosa  after  labor  takcit  iilace.  AUo  the  lubca  exhibit  during  pniG' 
nancy  }i>-|xrpla!iia  of  the  mucaui  and  of  the  musculsm. 

The  ovum  reaches  the  endometrium  as  a  vesirle  tuitlioul  villi.  The 
mucosa  has  Vierome  softened  and  hyperemic,  and  the  ovum  sinks  into 
its  tissue,  quickly  to  become  completely  encapsulated.  In  the  basal 
decidua  there  form  lacunar  maternal  blood -passages,  which  undeixo 
progressive  rnlaiycment  With  the  formation  of  the  amnion,  tlierc 
nccurs,  after  its  closure,  the  production  from  the  epiblast  o(  a  special 
cntii^ly  closed  vesicle,  which  passes  over  the  crabn'O.  the  amnion  attd 
the  umbilical  vesicle,  and  thus  lies  next  to  the  primitive  chorion :  this 
is  the  serous  capsuie  (Fig,  376,  VII,  S),  which  applies  itself  closely  to 
the  chorion.  The  allantois,  rich  in  vcsselii,  passes  out  of  the  navel,  and 
lies  directly  upon  the  ovular  membrane;  iti  vesicle  atrophies  about 
the  second  month  in  man.  but  its  vascular  layer  grows  rapidly  and 
lines  the  entire  interior  of  the  ovular  cavity,  where  it  can  be  found  on 
the  eighteenth  day.  From  the  fourth  week  the  vessels,  together  with 
a  connective -tissue  frnmework.  form  many  intricately  branching  vilU. 
while  the  original  ovular  membrane  (prochorion  or  primitive  chorion) 
disappears  (in  dogs  it  is  absorbed  and  serves  (or  nourishment).  There 
i$  thus  reached  a  stage  of  general  vascularization  of  the  cborion;  the 
derivative  of  the  zona  pellucida  is  now  replaced  as  the  ovular  mem- 
brane by  the  villous  va.scular  layer  of  the  allantois,  which  is  coveted 
by  the  cells  of  the  serous  capsule  (derived  from  the  epiblast).  The 
cnorionic  villi  grow  downward  in  the  direction  toward  the  decidual 
vascular  spaces.  The  villi  arc  separated  Irom  the  vascular  space  by 
two  layers  of  spedalized  cells:  the  chorionic  epithelium,  or  the  layer 
of  Langhans  (derivetl  from  the  fetal  ectoderm),  and  a  second  layer 
designated  syncytium,  whose  cells  with  large  nuclei  and  indefinite 
outline  are.  according  to  most  recent  investigators,  derived  from  trans- 
formed uterine  epithelium.  In  the  protoplasm  of  the  latter  vacuoles 
appear  and  the  i:i]ia  atrophy  when  the  existing  spaces  arc  tilted  with 
blotid.  The  ovum  adheres  to  the  syncytium  after  the  disappearance 
of  the  zona  pcllucida.  The  stage  of  general  vascularization  conltnui's, 
however,  until  the  third  month;  at  thai  time  the  vegetation  of  the 
vascular  villi  ceases  upon  the  entire  ovular  membrane  that  is  in  relation 
with  the  dccidua  reflexa.  On  the  other  hand,  those  villi  of  the  chorion 
thai  are  in  direct  contact  with  the  decidua  vera  become  larger  and  more 
branched.  There  thus  results  the  distinction  between  the  chorion 
Ixve  and  the  chorion  frondosum. 

The  chorion  Iz^e.  which  has  a  conncciivc-tiuue  stroma  and  la  cowred  by  e 
df>utile  layer  nf  epithelium,  pmaesses  beKidca  at  Rreat  intorvatn  dimtmitive  YiHi 
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that  paaa  lo  the  dccidua  rcS^xa.     Between  the  chorion  and  the  amnion  thrra  u  a 
grialinous  Inyer  (memhruna  inicmicdta)  of  JmEiiiituri;  conntcttYr  lUsue. 

The  large  villi  of  the  chorion  frondnsum  (Fig.  579)  penetrate  more 
deeply  into  the  uterine  mucosa  and  first  of  all  into  the  ducts  of  the  glands, 
like  roots  into  loose  soil.  According  to  Selenka  this  penetration  takes 
place  from  the  first  week.  From  the  syncytial  covering  of  the  villi 
there  arise  in  especially  lai^ge  number  between  the  second  and  the  third 
month  cell-buds,  which  are  probably  related  to  the  nourishment  of 
the  embryo.  In  the  further  penetration  of  the  villi  through  the  ducts 
of  the  glands  they  make  their  way  through  the  walls  of  the  large  contigu- 
ous blood-vessels,  which  in  struclure  are  similar  to  the  capillaries,  so 
that  the  villi,  bathed  in  the  maternal  blood  (uterine  vessels),  float  in 
these  enormous  decidual  capillaries — the  so-called  iniervUlotis  spocfs 
(Fig  576.  VIII,  b).  The  villi  within  the  blood-spaces  are  covered  by 
the  epithelium  of  the  latter. 

Some  villi  that  have  no  epitheUum  unite  by  means  of  bulbous  ex- 
tremities with  the  tissue  of  the  uterine  placenta  and  thus  form  adherent 
villi;  a  means  of  firm  union.  In 
this  way  the  'placenta  is  formed ; 
a  distinction  is  made  between  the 
fetal  placenta,  which  includes  the 
entire  mass  of  villi,  and  the  uter- 
ine or  maternal  placenta,  the  por- 
tion of  the  endometrium  in 
relation  with  the  ovum ,  which 
is  e!;;iecialty  rich  in  vessels  at 
this  point.  The  two  parts  are 
not  separable  even  at  the  time  of 
birth.  Venous  maternal  vessels 
of  cxinsiderable  size  course  around 
the  border  of  the  placenta,  con- 
stituting the  Huir^itwi  sinus.  The 
placenta  is  the  nutritive  and  res- 
piratory organ  of  the  fetus,  which 
obtains'  the  necesEary  material 
through  endosmosis  from  the  ma- 
ternal hlood-spaces  through  the  coverings  and  vessel-walls  of  the  villi,  in 
which  the  fetiil  blood  circulates. 

Between  the  plticental  villi  tlierv  la  a  clenr  fluid  that  mntaiiitt  nuiiierouH  smiU], 
albuminoid  globules  and  is  dvsii.'naUd  uU-'im- niHk  (abundaiil  in  tliv  cgw);  it  is 
U'licvfd  l<i  origin  Mo  from  dcgcneraiion  of  dtddiiul  celU,  It  is  thc)(i|;ht,  twgi-thi-r 
with  the  bloodj  lo  take  part  in  Ihe  process  nf  tuitritinn 

'I'll*'  invcrti|pit^*"n«  »f  Walter  hii\'e  tho«'ii  that  when  i>regniini  uninmlii  mre 
poisoned  n'iih  strychnin,  morphin,  vctalrin,  cunire,  and  (rrgtrtin,  Ihcsi- substances 
(.•annol  lie  deinunstraiiKl  in  the  fetus.  CertHin  other  cbomicHi  Mibsi.inws,  for 
cxamnli-  |ihi<«tihon.Lx.  putiwsiiim  chli^mte,  pi >t ji.ssiuni  hrniuii).  jiMiiiKiiiiin  ><>did, 
nrsc-nic.  mercury,  atcnnol,  phenol,  mitri'''''''  ""■'  niethyJ'-m-JJiic  df.  hnwevtr. 
i)ti*9  -J vvr  U<  llif  frlus.  Some  subaiani-va  pass  ftUo  from  ihc  feius  10  the  niatenial 
nody.  An  t'xnminiilicm  of  the  pUieeiitiL  »huwH  thtil  ita  villi  are  Kn>ui>i-d  in  in- 
diviiJual  sections  of  considvr.iblc  iriic,  Ijctween  which  arc  furrow-like  indentations. 
These  individual  coniplcxca  may  be  compared  with  the  cotyledons  ot  lawt 
itnitnalK. 

The  position  of  the  placenta  iit,  as  a  rule,  upon  the  anterior  or  piiutt-nor  utcrinr 
wall,  less  cv.'mmoul y  at  the  (iiiidus  \Uefi.  or  Imvrdly  in  fr<«it  (if  or  beneath 
a  tubal  (ipcniii)f  (tiitWal  gilacenta)  or  In  front  of  the  internal  orifice  of  the  uierus 
61 
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(placenua  pfKvu).  The  Iaci  positiun  Is  a  dangmnis  une.  b«cau«e  ntptuie  nf  the 
vr«st-ls  at  liirth  may  cJittsc  death  t)f  the  mntlifr  from  hvmonliaKv.  implantation 
of  the  o^Tim  in  ihc  cervical  canal  is  cxtrtmily  rare. 

Till-  utsbilunJ  cotj  may  he  insk-Tti-d  i-iihrr  intu  ihc  n-titcr  nf  the  |ilac(-ntal 
disc  (central  inscrttim)  m  tnorr  unviird  ibc  lir.rdrr  {mnr^n.i)  insertion);  ur  thr 
cord  may  be  stlachcd  to  Ihir  chorion  Ikvc.  so  that  lliv  \'ci»acl«  uiiut  paae  to  tbc 
placenta  throufili  the  thin  chorion  Iwe  (v^laimmtuus  tnacrtivn).  Ranl^  then 
u  an  AccttMirv  p\actMA  sc|>aratfd  from  the  plac4-nia  proper  (placc-nta  sue- 
ccnturiata).  Kdllikfr  dcidjrnatM!  ns  marg;tnntr  piarmta  tmc  that  has  \HlIi  only  *l 
its  center  It  Ibr  ]>1i)renia  ctintiists  nf  two  halves  it  is  kncnii  us  du|ilex  or  htpjinitr 
(constant  in  the  apex  of  the  old  world). 

The  uml>ilicnl  con]  (mature,  from  48  to  60  cm.  lon^  and  from  11 
to  :8  mm.  thick)  ir  covered  by  the  amniotic  sheath,  The  vessels  make 
about  40  spirnl  turns  (beginning  after  tlie  middle  of  the  second  month) 
passing  from  the  embryo  from  left  to  right  toward  the  placenta:  they 
consist  of  two  arteries  with  a  well -developed  muscular  coat  and  one 
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(left)  umbilical  vein.  Both  arteries  anastomose  in  tlic  placenta.  In 
addition,  the  cord  contains  the  continuBtion  of  the  urarhus,  the  cnto- 
dermal  portion  of  the  allantois  (Fig.  ^76.  VUI.  a),  which.  i^tTrstm^j 
until  the  second  month,  is  ofu*n  atrophied  later.  The  omphalomo««n^ 
teric  dtict  can  still  be  dissected  at  the  timL-  of  birth  near  the  umbilical 
vesicle  as  a  tilainentous  iH:diclc(Vm.  D)  of  the  umbilical  vehicle  |N>  that 
persists  and  as  a  rule  is  situated  l>evnnd  the  placenuV  border.  ""*  ^'?' 
ttle  contains  in  its  interior  small'  villi,  squairvous  epiihebura.  anrt  tt»e 
i»*ratCTl  vessels  of  the  first  circulstion.  Pc:-,w\jrot.  tboufth  ^*'"!^: 
ohftlomesenteric  vessels  are  rare,     Wh — ^^wv'*  i«"l''  *  BP'"*""**"* 
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connective  tissue,  surrounds  all  of  these  parts;  it  contains  connective- 
tissue  fibrils,  connective-tissue  corpuscles  and  lymphoid  cells,  even 
elastic  fibers.  The  gelatinous  substance  contains  mucin.  Numerous 
lymph-channels,  hned  with  endothelium,  traverse  the  jelly;  lymph- 
vessels  and  blood-vessels  are  absent.  Nerves  are  found  from  3  to  8  or 
1 1  cm.  from  the  navel. 

The  jelly  contains  two  forms  of  mucin,  like  that  of  the  tendons,  also  globulin 
(myosin?)  and  albumin. 

The  fetal  circulation  that  exists  after  the  development  of  the  allan- 
tois  pursues  the  following  course :  the  blood  of  the  fetus  passes  by  way 
of  the  two  umbilical  arteries  (from  the  hypogastric)  through  the  um- 
bilical cord  to  the  placenta,  where  the  arteries  break  up  into  the  capil- 
laries of  the  placental  villi.  Returning  from  these  the  blood  collects 
in  the  umbilical  vein  (its  color  is  scarcely  a  little  brighter  as  compared 
with  that  of  the  venous  blood  in  the  imibilical  arteries).  The  um- 
bilical vein  (Fig.  387,  3,  m,)  turns  upward  from  the  navel  and,  passing 
under  the  border  of  the  liver,  it  anastomoses  with  the  portal  vein  (a) 
and  continues  as  the  ductus  venosus  of  Arantius  to  the  inferior  vena 
cava,  which  then  conveys  the  blood  to  the  right  auricle.  From  here 
the  Eustachian  valve  and  the  tubercle  of  Lower  (Fig.  384,  6,  tL)  deflect 
most  of  the  blood  through  the  foramen  ovale  into  the  left  auricle,  from 
which,  on  account  of  the  presence  of  the  valve  of  the  foramen  ovale,  it 
cannot  flow  back  into  the  right  auricle.  From  the  left  auricle  the  blood 
passes  through  the  left  ventricle,  the  aorta  and  the  hypogastric  artery 
back  into  the  umbilical  arteries.  The  blood  of  the  superior  vena  cava  in  the 
fetus,  by  reason  of  its  peculiar  entrance,  passes  from  the  right  auricle 
into  the  right  ventricle  (Fig.  384,  6,  Cs).  From  here  it  enters  the 
pulmonary  artery  (Fig.  384,  7,  p),  which  conveys  it  into  the  aorta 
through  its  prolongation,  the  ducttis  arteriosus  Botalli  (S),  which 
empties  into  the  aortic  arch.  Only  a  little  blood  passes  by  way  of  the 
small  branches  of  the  pulmonary  artery  (1,2)  through  the  lungs.  The 
course  of  the  blood  makes  it  clear  that  the  head  and  the  upper  extremities 
are  supplied  with  purer  blood  than  is  the  remainder  of  the  trunk,  which 
also  receives  an  admixture  of  the  blood  from  the  superior  vena  cava. 
After  birth  the  umbilical  arteries  are  obliterated,  and  become  the 
lateral  ligaments  of  the  bladder;  their  lower  portion,  however,  persists 
as  the  superior  arteries  of  the  bladder.  The  umbilical  vein  also  is 
obliterated  and  becomes  the  round  ligament ;  and  likewise  the  ductus 
venosus  of  Arantius.  Finally  the  oval  foramen  closes,  and  the  ductus  arter- 
iosus Botalli  becomes  obliterated  to  form  the  ligamentum  arteriosum. 

The  relation  of  the  fetal  membraDcs  in  multiple  pregnancies  is  as  follows: 
(i)  In  the  presence  of  twins  there  are  two  entirely  separate  ova,  with  two  placentas 
and  two  reflex  deciduas.  (3)  Two  entirely  separate  ova  have  but  one  reflex 
decidua,  the  placentas  becoming  adherent,  while  their  vessels  are  separate.  The 
chorion  is  double,  but  not  separable  into  two  lamellae  at  its  surface  of  contact. 
(3)  When  there  are  one  reflex  decidua,  one  chorion,  one  placenta,  two  umbilical 
cords,  and  two  amnia.  the  vessels  anastomose  in  the  placenta,  and,  therefore, 
the  central  stump  of  the  umbilical  cord  of  the  first  bom  of  twins  should  always 
be  tied.  Under  such  circurnstances  there  has  been  either  one  ovum,  with  a  double 
yolk,  or  two  germinal  vesicles  in  one  yolk:  or  it  must  be  assumed  that  two  sepa- 
rate ova  have  subsequently  united,  with  absorption  of  the  contiguous  parts  of 
the  chorion.  (4)  When  the  conditions  just  described  are  present,  except  that 
there  is  but  one  amnion,  they  are  due  to  the  formation  of  two  embryos  in  the 
same  germinal  area  of  the  same  germinal  vesicle. 
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Brief  Tneniion  should  be  made  hen  of  the  (ozmatioo  of  Ibc  feul  membr«a 
ia  aoinuiU,   wtiich   has   tNren   luUrjiveO   sincK  the  time  of  Hoinr.    BUmvilIe.  H. 
Milsc-BrlwardE.  Owen,  and  others,  in  the  classificatKin  of  mamtnalc. 

I.  The  oldest  msmmals  have  no  placentA  or  allantoic  vessels  at  all:  theae 
are  the  fHdniNia/i<i  impiaaniaJia.  iinmL-ly  mannipials  and  monotreniai*  (duck* 
bills  and  echidna).  In  addition  to  a  serous  cuxsulc  oad  an  amnion  dcvcid  of 
villi,  tlKtc  animaU  have  onlv  a  large  yolk-sac  wDich  coatoins  vewela,  bui  vrhicb 
never  undergowa  [•hu.-cntal  'lonniL(iof)  The  idliuitoia  remains  rudimentary  (in 
the  kangaro^vhear  it  becameii  larger,  and  together  with  the  yolkuc,  tvrvn  aa  a 
rcsr^ratory  orean).  (In  the  oviparous  moaotremata  the  ovum  dei-rlops  ouuid* 
the  maternal  body.) 

3.  The  second  group  includes  the  mammaiia  ftaceMtaiia.  Among  tbewi 
(a)  the  mammalia  HonJecidMuui  pocacss  oa\y^  cboriunic  villi  (mi>plied  by  the 
allantoic  vessels),  which  project  into  dritressions  in  the  uterine  mucosa,  ftvm 
which  tbcy  retract  durinr  parturition  (placenta  difTuEa.  [or  example  pachyiter- 
mata,  cetacea.  soliduaKula.  Ciunclida).  Tlie  umbilical  viaicle.  which,  at  the 
earliest  period,  contains  \-vsscls,  sul«<-'quently  underftoes  a  marked  involution, 
in  the  dilleront  grnupnof  nnimAU,  into  manifold  mod itoLt ions.  In  the  rtintinanu 
the  large  villi  arc  arranged  in  Rroups,  and  they  grow  into  the  ^rcatlv  hj-penro- 
phted  rolk  of  mucosa  (eotyleaovis)  corresponding  to  the  utenne  glands,  from 
which  Diey  reLraet  at  hirth.  The  ovum  ix  for  a  Icax^  time  Bptiidle-shapcd.  (6) 
The  mumntalia  lUciiiuala  form  such  an  intimate  tinion  between  the  chorionic  vilh 
and  ihc  endometrium  that  the  corrciponding  portion  of  Ihc  latter  must  be  thrown 
off  at  birth.  Here,  the  placenta  ii  either  giidle^shaped  (placenta  »jnaria).  a> 
in  carnivxn-a,  pinnipcdia,  elcph.int.  hyrax;  or  it  is  dicc-uiapea  (placenta  discoidra). 
for  example,  in  apes,  iusvetivora,  rodents,  alipeds,  and  cacntates. 

The  enme  placental  formation  as  occurs  in  man  im  found  in  the  anthropgsd 
apes,  but  in  none  of  the  others 

Certain  variations  occur  in  different  animala  in  detail  with  reference  to  the 
fonnatinn  of  the  fetal  membranes  In  rabbits  the  umbihca!  vesicle  also  is  greatly 
expanded,  and  the  large  omphalomesenteric  vessels  panicipate  in  the  formation 
of  the  placenta  ihroiigji  the  development  of  a  yolk'Sac  placenta.  Also  in  fcuinra* 
pigs  (which,  remarkably,  have  the  thiw-  Ecrminal  layers  in  a  rrvcrsc  orth-r.  the 
epiblast  within,  so  that  in  the  folding-on  of  the  embryo,  the  latier  sinks  into 
tne  iaterioT  of  tlic  umbilical  vesicle)  the  omphalomesenteric  vcweb  play  a  prum- 
inent  part  in  the  (ormatiun  of  the  placenta.  In  some  camivora  (cats),  tbe  um- 
bilical vfTsiclc  it  provided  with  vcss<-Is  until  the  limv  c<f  birth.  It  is  (O  be  noted. 
finally .  That .  in  tne  utenu  of  the  smooth  shark  (mustela  IwvisJ  a  yoUc-nc  placenta 
is  formed - 


CHRONOLOGY     OF     HUMAN     DEVELOPMENT.       FETAL     MOVE- 
MENTS. 

Development  In  the  First  Hoath. — The  youngest  o\*ura  is  described  b>-  Hub. 
Inters.  It  had  a  diatnctrr  n(  i  A  X  o.S  X  o  9  iniit..  and  conKintrd  of  a  vesicle  abOTiC 
three  days  old  The  small  villi  had  already  a  covrring  of  two  layers  of  cell*. 
It  is  the  only  observed  ovum  ai'mud which  the  capsular  decidua  had  not  yet  closed. 
At  the  point  of  attitchnient  of  thu  o\-uiii  to  the  uterine  mucosa,  there  ncrs  larxe 
blood -lacuiue.  in  which  the  ovum  aiipeorcd  embedded. 

Ova  of  from  six  to  i-ight  dayv  nave  been  dciicnbcd  by  Merttens  and  Siegrn- 
beek  van  Heukelom  They  possess  small  short  nlli  covered  by  a  double  lairr 
of  cells;  an  outer  la>-er  of  large  cdls  (syncytitmi) ,  derived  from  the  oterine  eji- 
thelium.  and  a  stibjaceni  layer,  formetl  from  the  ectodenn^^elhilar  Isyerof  Lant 
bans.  An  ovum  seven  or  eight  days  old  was  3.7  y  4  mm.  in  sire;  the  villi  aliewo^ 
had  small  ramifications.  Fro-ii 
J.J  mm.  in  diaineler)  then.'  ■ 
contains    thi.-    trrt"in.-il    ap 
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iwilfth  to  the  thirteenth  day:  (j-S  mm.  »»* 
-Jiple  giTtiiinal  vcatclc.  which,  at  ace  poU^- 
-il:  nf   t-.v'i  Liyrrs  of  cells.    Ovi»  txttsa  '•r" 

from  the  how  to  ^ve**^ 
-  fiflcetv  ^Tl-**  ^ 

•I  rmity:   tk^^*Vj»*^ 

Idcr  ovusH  .^"^c^  "l^o'^iia 
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vcidclc,  from  which  the  cmbrj-o  i».»  mm,),  with  a  closed  m^uIlaTy  canal,  had 
bwt>ua  to  be  (.-oitelriclcd  vS. 

There  now  follows  the  singe  in  which  the  formation  ci  the  allantois  nppeani. 
It  it  at  prciient  a  much-dUj^uicd  point  whotbrr  in  man  «  five  ftllantoie  vesicle, 
'gr«wing  from  the  navel,  exists  or  not.     The  youngest  rmbryo  that  hears  upon 
this  point  has  been  examined  by  v.  Pwuschen  and  theuuthor.     In  the  fresh  state. 
,thiH  measured  3.78  mm  in  length;   it  vox  dividi^d  into  lectitJtiH  and  thoroughly 
itudied.     The  brain-vcsiclcs  were   indicated;   the  orKiins  of  special  sense  were 
ranting:  the  ganglis  in  the  cephalic  region  were  visible.     The  viscera]  arches  were 
risible  as   ifaickcninsis  in  cron-secticn,  but  not  yet  isolated:   the  visceni)  clcfLs. 
"be  mouth,  and  the  aniu  were  absvnt.     The  sella  turcica  was  in  process  of  forma- 
tion.    Heart,  lunf^  and  liver  were  in  their  carticHt  form.     The  umbilical  veticlc 
(torn)  was    itpparontl)'  alill    provided  with  a  wide  oneninc.      The  allantoia  was 
distinct  as  a  Free  vessel  outside  of  the  abdomon;  its  lamella  from  the  mesoderm 
vrtui  yet  without   veiuelK.     The  extTL-miuc»  were  en^irel}'  absent.     The  chorda 
doralit    u-as    indicated,  and    on  rilher   stdv  the    primitive   vm-tebral   masses. 
A  free   proieciinE  allantoic  vesicle  has  also  been  described   in  embryoa  by  W. 
Krause  and  Brucn.  but  these  were  older. 

An  ovum  of  from  the  lifteenlh  to  the  eizbtccnth  day  has  been  dcscriljcd  by 

Cost«i  it  was  ij.smm.  long,  the  ^'illi  were  small,  and  slightly  branched;  the  embryo 

^was  44  mm,  long,  of  curved  form,  with  a  moderately  ihieWncd  ei-pbalic  portion- 

^kiuiion.  umbilical  vehicle  (with  a  larKc  omphalomeM-nteric  duct),  and  allantois 

■were  fully  developed,  the  last  already  adherent  to  the  serous  covering.     The 

S'Khapc<1  heart,  lying  in  the  cardiac  cavity,  exhibits  a  cavity  and  the  bwlb  of  the 

aorta,  but  no  ventrides  or  auricles.     The  vi-toeral  arches  ana  clefts  arc  indicated. 

but  the  latter  are  not  yet  broken  ihrtjugh.      Upon  the  uml>ilic.il  vnHelt!  tlir  lintt 

circulation    of  the    two  omphalomesenteric    arteries  is   developed;   the  folding- 

off  is  only  moderately  advanced;    the  duct  is  still  widely  open;    two  primitive 

aortas  pass  in  front  of  the  primitive  vertehme     The  allantois,  adherent  to  the 

fetal    membranes,    possesses    its    vessels.     The   two   omphalomesenteric    veins, 

united  with  the  two  umbilical  veins,  empty  into  the  lowejinosi.  venous  portion 

of  the  heart.     The  mouth  i*  in  process  of  formation.     The  exlremitie*  and  organs 

of  special  sense  are  wanttnz;   tnc  Wolffian  bodies  are  probaWy  present.     Similar 

descriptions  have  recently  been  made  by  His,  nlthough  the  length  of  the  embrj'o 

I  was  somewhat  !ess. 

There  now  fiiliows  a  stage  wherein  all  of  the  visceral  arches  are  indicated, 
t*n(l  the  clefts  arc  broken  through.  The  midbrain  forms  the  highest  point  of  the 
I'brain;  the  two  auricles  appear  in  the  heart.  The  communication  wth  the  um- 
inlical  vesicle  i&  still  prettv  fn-e.  The  embryo  is  from  r  6nun.  to  3.3  or  i  mm.  long. 
Phe  head  undcrijoca  n  defection  tn  the  side  At  a  still  later  periixl  there  apjwar 
^on  the  brain  the  parietal  and  the  nuchal  curvature;  the  hemispheres  appear  more 
distinct;  the  entrance  to  the  umbilical  vesicle  becomes  constricted,  the  rudiment- 
ary liver  is  discernible;  and  the  extremilies  ore  still  absent.  In  addition  to  the 
embryo  of  His  one  of  the  twentieth  day  descriltcd  by  Johannes  Milller  belongs 
here.  The  ovum  was  Ijctwcm  152  l)y  17  6  mm  in  siin-;  the  embryo  from,5  to 
6  mm.  long;  the  umbilical  eord  1.3  mm.  thick.  The  umbilical  vesicle  »-aa  in 
irvc  communication  with  the  bowel.  The  amnion  surrounded  the  embryo  and 
formed  a  sheath  for  ilie  umtrilieal  cord.  The  visceral  archi-s  and  clefts  were 
present;  and  behind  them  the  projecting  heart-tube;  the  extremities  were  want* 
jng. 

Third  week  (R.  Wagner):  The  ovum  mciisured  i.t  mm.,  the  embryo  from  4  to 
4%  mm.,  the  umbilical  vesicle  a-imm.;  the  bowel  wjisalmofitentirirly  closed.  Three 
^Cvixccral  clefts,  the  Wolthan  bodies,  the  first  rudiments  of  the  extremities,  three  Iwnin- 
^Bvestcles.  and  the  auditor\'  vesicles  were  present.  A  similar  embryo  described  by 
^■Hensen  should  be  included  here.  Twentyfiriit  day  <Co3te):  The  nasal  pits,  the 
^■"buccal  orifice,  the  eyes,  the  aii<Jitory  ve*iclcs.  four  \'iscenU  arches  and  the  moutb 
^■(toward  which  the  frontal  and  the  superior  maxillary  process  grow)  were  especially 
^■parked;  the  heart  M'iih  two  ventricles  and  two  auricles  and  the  \'CS5cl3  of  the 
^Viimbibcal  vesicle  were  iircsent. 

End  of  the  First  Monlh.— The  embrj-os  of  from  twenty-live  to  Iwenty-eijchl 
days  ftpc  characterise.!  by  the  distinct  pcdunc illation  of  the  umbilieal  vesicle 
and  by  the  definite  appearance  of  the  extremities.  The  Icneth  of  the  ovum  is 
I?. 6  mm.;  of  the  embrj'O  from  8  to  11  mm.,  of  umbilical  cord  4.5  mm.  with  its 
vessels. 

Second  Hontb.— Embryos  of  from  twenty-eight  to  thirty-five  days  begin  to 
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cxt«nd  to  maicr  defRc;  the  VMcenl  clefts  an  dCMed  witk  tke  eznptiaD  of  Iki 
first .  tlw  ahantou  h>H  bttt  thrae  wimIi.  u  tlw  nxht  umWIkil  nin  is  oUktcnltd. 
la  ibe  fifth  week  ihe  tmmlc  »  from  0^5  to  t  tS  on.  lane:  tbe  nlfartory  fit*  uc 
rr"f*— •^— *  whli  the  angles  <rf  ifac  maath  by  te  rtfs.  whiddooe  lo  tht  mak  wefc 
and  (arm  canaU-  In  cmbrjraa  from  thirty-five  10  UmVf-vmo  (Ujra  oJd  ihi  Bwil; 
baa  a  lc&cth<><  bctwt*ii  t.t  and  t.)  on.,  tiw  buccal  aodnanl  opcnaa ace  Mp*- 
raw.  lb*  fact  b  traocAb;  tbc  cxtmnittc*  ha«c  tbm  dtviMns;  on  dm'  fact  tb» 
toea  are  not  so  weD  devrioped  ««  tlw  fnigpn  Tbc  anride  at  ibe  ear  fanas 
6fst  a  kiw  projeetiaa  in  tlw  anvntfc  weeC  Tfae  WoUfian  hair  w  1  iifulitir 
ataiy  rvdneed-  Tha  loiftli  at  the  tnmk  at  brtwwH  tlw  anntb  and  tfea  «ghifc 
WMK  ii  fncn  1.6  to  >.i  an. 

Bad  ct  Hm  Seoood  HaocL — Tbe  oram  is  04  cm  .  thr  *iUi  t.j  mm.  km(;  tto 
ocmlatMn  in  tbr  umbiUcal  vcaadv  ts  oUtterktcd:  Uw  ciutayu  ia  aC  mm.  lo^  and 
wcishs  up  to  4  pn- :  tbe  cvrlids  and  the  aoae  aic  pi<e«ent.  The  vmibSeal  cavd  is 
8  cm.  long,  the  abdomnul  cavity  closed;  oMtficauoa  has  bena  in  the  kvwcr  jaw, 
the  daviclea.  the  nbs.  tbe  vertebra,  lex.  u  uadetemiaafab:  the  kidneys  mn 
tadtc*l«d 

Third  Hooth. — The  omm  is  as  Ur^ge  u  a  C(k>sk-*SS;  the  fermattoa  ^d  ths- 
plaiitinf  baa  befun:  the  embryo  (trmk-kngth  E»t»«»o  s.i  and  6.^.  total  IsB^rlt 
iRMBAtoii  em.:  wei^t  it  fOLi  is  6na  now  on  kiMHni  as  the  fetnr  The  aavioe* 
ci  the  ear  an  dmiopcd.  the  umbilical  ooed  is  7  cm.  low,  tha  external  aaxnal 
diflnmttiatiaa  has  bM«n:  the  navel  is  in  tbe  lower  Ibarth  of  the  Knas  alfaa. 

PoanhMsoth. — The  lenrtboC  the  fetal  tnmkisbetwccii6.9BiMlacBi.:  the  total 
leofth  Itoa  to  to  17  cm.:  the  weight  J7  pn  .  the  sex  ca  distiwct.  hair  and  oaAft 
have  be^on  to  form:  the  placenta  <ra^t»  80  gm. :  tha  "*T**wTff '  cord  is  19  am, 
loog;  the  oavcl  is  in  the  1'>w*r  Ihmi  of  tbr  hnt*  slbs:  jerUng  movemmrts  of  the 
extremities  occur:  tlw  boiveU  contain  mKOBiwa;  veneb  siv  vinbfe  floiiiuli 
the  tfuuhieeat  ilnn :    the  cycltjlc  trt  dosed 

Fifth  Voatta.— Tbe  Im^'h  of  the  fetal  tnmk  ts  ftmn  v 7  to  14.7.  tha  tnCallHiffth 
from  iS  to  18  cm.:  the  wnghl  is  up  to  aSs  gm.  The  utir  of  the  bend  aod  bunqo- 
hain  are  disunc-t;  tbe  tkia  u  nill  somewhat  ligbt  pink  and  thin,  covend  wtih 
vemix  caaeoaa.  and  not  perfectly  transparmt.  The  weight  of  the  placenta  a  17* 
gm.:  the  mBbibcal  cord  ts  ji  cm  Long. 

Snh  Kooth.— The  len^h  i:if  the  fetal  trunk  is  from  tsto  iS.j.thc  total  loigth 
from  s6  to  37  cm.;  the  n^ieht  is  634  gm.  The  faccscqmrcs  mare  fat  mod  baa  a 
km  ac*d  appcofSDce;  tbe  Uiiukd  u  thick  snd  tiunr;  tha  mmcKtsi  of  mntx  ts 
incfMaiii;  tne  lesticks  are  ia  the  abdomen:  the  popiBanr  membrane  and  the 
eye4ashes  are  present:    meconitim  is  present  down  to  the  barge  itHextuic. 

gswth  Month.— The  lenfrtfa  of  Uie  fetal  trunk  ta  from  16  to  ss.J.  tha  votif* 
length  from  35  to  j8  cm  :  the  vright  is  titS  gm..  the  lafge  ist^Oina  has  Iha  cams 
length  as  the  body  (at  an  earber  date  it  ts  shorter,  at  a  later  date  ImifEr) :  the 
descent  of  the  testicles  has  begun,  mw  testicle  *^"*w  ita  way  into  the  inxumal 
canal :  the  eyes  arr  open :  the  poptllaiy'  mcmhraiw  cntcn  has  disappcand  ai  its 
ccstiar  in  the  twcniy-eightfa  week:  in  additioo  to  the  ptimhivc  nmiiiiii  other 
hmirea  begin  to  focm  The  fetus  is  riabfc.  At  the  begioaing  of  thia  ^umlh 
there  if  a  center  in  the  os  calcis 

Bifhih  Month.— The  len^b  of  the  fetal  ttunk  is  from  14  to  17  j.  the  total 
length  from  41  to  49  cm.:  the  weight  is  1^69  gm.;  tbe  hair  of  the  baad  is  tfasefc. 
13  cm.  Irmg.  the  nails  have  narrow  mmrgias:  the  aavd  is  bdow  the  middle  of 
the  lines  alba:    one  testicle  u  in  the  scrotum. 

mnth  Moath. — The  lensth  of  the  fetal  tnmk  is  from  ij  to  30.  the  total  In^th 
from  43  loftt  cm-:  the  wci^i  is  1071  gm-:  the  fctos  at  this  age  is  oot  dtwingairti- 
able  from  the  mature   fetus. 

Tenth  Month. — The  len^h  nf  the  tnmk  is  from  30  to  37,  the  total  length  ftuoi 
4  5  to  67  cm  :    the  ircighi  is  3334  sm. 

The  Maturs  Pstits.— Tbe  tcnttb  of  tbc  body  is  51  cm.;  Uw  weight  3  kUos 
(tram  1-5  to  5  kiktf):  Iantt«o-hair  is  MtO  jKrewnt  only  on  the  riiooMws.  the  dcm 
is  white:  the  csftils)ca  of  the  ncoe  and  the  out.  are  hard  to  the  touch.  The 
trailr  pTT>ifct  h^yrmd  the  6ngrr-tip«.  The  nsn-I  is  somewhat  bdow  the  middla  of 
tt-  •. be  renin-  of  onificatiaa  ut  tbe  lower  epipfajrw  of  the  flMmir. 

fji  :rt  tranmne  diameter  (it  beguts  at  tbe  '■■"■■— """'^'"  or  the 

tnir,       «<  ii;<r  riiriiMHM|^mid  ts  from  3  to  $  mm.  wide  at  the  cod  of  the  aindi 
(Qujihi  ^'H^^^IP'  *^^  tn^ture  fetus.    There  is  ollm  a  center  of  aa»- 

fit  ^^^H^iu  ot  ;!ic  ulria  at  tbe  «nd  vf  the  tenth  month. 

K  mwoo  of  dsvalopmeot  in  the  foOowiag  amatals  wiH  hm 
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Siven:  C<>libri,  twelve  days;  hen.  duck,  twmty-one  days;  goocr.  twrnty-nioc 
ays;  Btork,  forly-two  daya,  cassowary.  «xty-live  days:  mouse,  three  weeks; 
rabbit,  hare,  fmir  wctks;  rat,  five  wptks:  ht-fiKphnj:.  seven  weekii:  cai,  marten. 
ci|{ht  weeks;  <lt>e.  (ox,  polvcnt.ninc  w<-eks:  tadgcr.  wolf,  ten  weeks:  lion,  fourteen 
wccke;  pig,  wvciiUxn  w«:ka;  sheep,  iwcnly-onc  ^vcks;  goAt,  twenty-two  weeks; 
roc.  twenty-four  weeks;  bear,  small  ape»,  thirty  wccka.  de«r,  from  thirty-six 
to  forty  vre«ks:  man,  forty  we«ks;  horse,  camel,  thirteen  monihsi  rhinoceroa, 
eighLeen  mouihw:  r-l*.-|ih«ni.  twemy-wne  raonthe  Limit«ti'»n  ci(  the  supply  of 
oxyern  lo  the  inculHiting  egg  of  birdji  is  followed  by  dwarf- form  at  iun . 

Vwioufi  iniraulerine  muvemeiit*  of  the  (eiust  are  dtsitrniible  through  the 
abdominal  wall  of  ihc  mother:  rxtennon-miivcinrntG  of  the  trunk,  miivrmcrilK  ol 
the  cxtretnitirs.  rtml  in  the  later  period  of  pncEnancy  (and  during  laborl  a  regular 
rhythmical  inovcment  of  the  rcspiratify  tnusrlis.  rL-i.-urrinR  at  intervals  and 
usually  coiitinuiuK  fi>r  siime  time.  In  iiiidilion  the  fclun  inako  sutkitii;  luiil 
swalluwicix  movcnutnts. 

D£V£LOPH£NT  OF  TU£  OSSEOUS  SYSTEM. 

Sl»nal  Column. — The  ouilicatioti  of  the  vertebrx  begins  between  the  ciKhtli 
and  thL-  (iiiith  uvck.  a  center  uppc-iiring  tirftt  in  each  half-areh,  then  a  center, 
probnbly  coneistingof  twolj-ing  dose  together,  in  the  body  behind  the  chorda  In 
the  filth  month  the  bony  tissue  has  reached  the  surfaces,  the  chorda  in  the  body 
is  displaced.  The  ttuKC  pitLces  unite  in  the  first  year.  The  aUa»  ha^  a  center  in 
the  anterior  arch  and  two  in  the  posleriyr  .ircti;  union  (iccurs  in  the  third  year. 
A  center  appears  in  the  cpisuophcus  (axis)  during  the  fust  year.  The  three 
piiintx  of  tlie  xacral  vertebne  umtf  belwteu  the  secimd  and  the  sixth  yt.'ir;  and 
all  the  vertebne  (sucrol)  join  together  between  the  eiKhleenlli  ;ind  the  twenty- 
fifth  year.  The  four  coccyet^l  vertebra:  receive  each  a  cuitcr  of  ossification 
belweoo  the  Crsl  and  the  teutL  year.  The  vcrtebrw  [>ro»luw  furtJier  in  later  life  one 
or  two  centers  m  each  spinoua  process,  one  or  two  in  each  transverse  process,  one 
in  the  miunmilh-uy  process  of  the  lumbar  vertebrir,  and  one  center  in  some  of 
the  articular  processes  between  the  eighth  and  the  liflcenth  year.  Each  surface 
of  a  verlebra  devdops  further  an  ejnphy  sis -like,  thin  plaic  of  bone,  which  may 
Ktill  be  visible  at  the  aRe  nf  (wentv  years.  Gixjupx  ut  chorda -o- Ik  percist  in  the 
adult  in  the  intervertebral  diiics.  ao  long  as  the  coccygeal  vertebrae,  the  odontoid 
process  of  the  axis  ainl  the  baM:  of  the  skial  arc  cartilaginous,  they  contain  remains 
(if  chorda.  The  coccvifciil  vcrtelirie  form  the  tail,  us  tlic  raiitinuation  cjf  which 
an  invertebrate  cauiJal  hlamcnt  is  prolonged.  The  coccvx  consists  originally 
in  man  of  a  free  projecting  tail,  vfrtebra}  tail  (l*ig.  j;^.  iX.Tj.  which  later  becomes 
covered  and  enclosed  by  the  growth  of  tlio  aofl  ports  over  it.  Rarely,  a  free,  pro- 
jecting tail  persists;  if  the  caudal  filament  alone  remains  free,  there  is  formed  the 
so-called  soft  tail. 

The  number  of  rudimentary  vertebne  is  at  first  small,  then  larger  than  even 
in  adults;  and,  linally,  again  smaller.  Eventually  the  embryo  h;u.  a 5  true  vertebra, 
the  ilium  fusing  with  the  twcoty-xixth.  Later,  the  ilium  move*  »"  far  forward 
that  the  twcnty-liftb  vertebra  becomes  the  first  sacral.  The  persistence  of  aj 
true  vcrtcbrj:  ia  to  be  regarded  as  a  developmental  delect. 

The  ribs  bud  out  iiQui  the  primitive  vertebra;;  their  hrat  rvdimenta  reside 
tn  each  vertebra.  The  thoracic  ribs  become  catilaginous  in  the  second  month 
and  grow  forward  into  the  che-st-wall.  the  upper  seven  being  joined  togeihcr  by 
a  median  strip  of  cartilage.  The  latter  represents  the  ruduoeotary  half  of  the 
sternum;  by  the  union  of  the  rudimentK  ol^the  two  ndes  in  the  median  line  the 
Rlenium  Is  iDrtiieil  The  develDpintTital  defect  of  lidsure  "f  thf  stenium  iwcunj 
in  some  howling  apes  in  which  the  manubrium  is  permanently  divided  The 
lower,  false  ribs  nommlly  exliilnt.  to  a  certain  extent,  a  fissure  of  the  sternum; 
openings  in  the  stcrrmm  as  the  n-mains  of  &  fissure  are  frequent. 

In  the  sijtth  month  a  center  of  ossilication  appears  in  the  manubrium;  then 
from  4  to  I  j,  in  pairs,  in  the  gladiolus,  and  unc  in  the  cnsifomi  process.  Each 
rib  acquires  a  center  of  usaification  in  the  btwly  in  the  second  month;  between 
the  eignlh  and  the  fourteenth  year  onu  each  in  the  tuberclC'  and  the  head  of  the 
hone;  fusion  takes  place  between  the  fourteenth  and  the  twenty-fifth  year,  Th« 
r«dimentar>'  ribs  in  front  of  the  transverse  proccases  in  the  neck  become  the 
.interior  poriion.s  of  these  processf.-);.  Rarely  i&olated,  short,  true  cervical  ribs 
persist  in  conjunction  with  the  sixth  iind  seventh  cervical  v-ertebra>  fin  birds  the 
cervical   ribs  arc   better   developed).     In  the   lumbar  region   the  cartilaginous 
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rudiments  of  itw  rilM  bvccnne  later  tbe  (jnxesstts  castarii  (uwu««n>  rd  eailiir 
writers).  OccatiuDiUly  &  thirtetmth  rib  is  formed.  The  acccuory  proom  ol 
the  liimbttr  vcrtL-bnc  is  the  tmi-  irancvrrse  process.  <u  is  casly  dunonstrsfale  in 
the  skeleton  of  the  afw.  The  sacral  vcnebrc  have  ILkcw-tse  3  or  <  rudimeBiafy 
libfl  M'liich  after  tlic  sixth  ynir  unite  with  the  suiicriicies  auriculAna.  Tbe  tio- 
piece  ban  not  yot  been  found  on  the  coccvgol  vertebra. 

The  Cimaitim,  the  cloccd  extremity  of  toe  vertebral  canal,  eontaint  the  cbofid* 
in  tb«  axial  futrt  of  its  base  up  to  the  anterior  sphenoid  body.  It  it  at  t\m  entirely 
membranotis  (membranotu  primordial  cranium) ;  then  tbe  basal  poirtioiiK  become 
cartilaginous  in  the  second  month,  being  bdd  together  u  if  cast  from  a  mold:  tb* 
occipiial  bone,  with  tbe  eatception  of  Uie  upper  half,  the  anterior  and  posterior 
■frfienoids  with  tbe  wi&«,  tne  petrous  and  matloid  poitiooa  of  tbe  leoponl 
bone,  the  ethmoid  with  the  nasal  septum,  and  the  impemctly  developed  external 
cartilajfinous  portion  of  the  noec.  The  other  portions  of  the  cranium  nnmia 
membnnous.  Accordingly,  a  tnembranouA  and  a  cartilaginous  primoidal  craninm 
have  been  dislin(ru3&be<L  In  aniinuls  (aJK*)  ttic  entire  occipital  and  a  portion 
of  the  parietal  region  may  become  cartil;iginous. 

Ossification  of  the  individual  bones  of  tbe  slnill  is  cotnpletttd  as  follows; 

I.  The  occipital  bont  receives  in  the  third  tnontb  a  center  of  oasificacion  is 
the  basilar  portion,  one  each  in  tbe  condyloid  portion  and  in  tbe  foasa  for  tbe 
cerebellum.  In  addition  two  centers  occur  in  the  membranous  fossK  for  the 
cerebrum.  The  four  centrrs  of  the  bone  urtitc  during  intrauterine  life,  although 
a  cleft  can  be  seen  on  each  side  from  the  border  between  the  upper  and  the  lower 
portion  of  the  stjuamous  portion.  Between  the  first  and  the  second  year  alt  the 
other  points  unite.  Rarely  the  upper  half  of  the  squamous  portion  persists,  as 
tbe  analogue  of  the  interparietal  bone,  which  is  constant  in  many  animals ;  this  U 
an  independent  semilunar-ahaped  bone  (of  which  tbe  author  posMsaed  a  beautiful 
example):  occasionally  one-half  of  this  portion,  ft  should  be  pointed  otit  as 
particularly  important  (also  with  reference  to  the  dcvek>pmcnt  of  tbe  brain) 
that  in  man  tl^  upper  portion  of  tbe  occipital  bone  enlarges  in  tbe  process  of 
development,  while  in  apes,  on  the  contrary,  it  diminishes  in  site.  In  tome 
slcfllls  the  upper  and  lower  halves  of  the  occipiul  l>onc  exhibit  diffeicnces  in 
development.  According  to  Albrecbt.  the  anterior  part  of  tbe  basilar  ponkn 
forms  a  special  piece  of  l>one.  the  basioticum. 

II.  Tne  posttphenvid  has  the  follotvinij  centers  of  ossifKation  trvta  tbe  third, 
month  on:  two  in  tbe  sella  turcica;  twc>  in  the  carotid  gnovK,  and  two  is  both 
KTcat  wings,  which  form  also  the  external  plate  of  the  pterygoid  process  (while 
nie  previously  formed  noncartilaj^nous  internal  plate  is  aerived  from  tbe  superiorr 
maxillary  process  of  Uie  finit  vuceral  aich).  In  the  second  half  of  fetal  life,  these 
centers  unite  to  from  the  cn-at  wings.  The  dorsum  sellir  and  tbe  dtvus  remain 
cartilaginous  up  to  the  splieno-ocdpital  synchondrosis,  which  ocsifies  from  tbe 
thirteenth  year  on 

Il[.  The  prtspti^Movi  has  from  the  eighth  month  two  centers  in  tbe  small 
win^:  then  two  in  the  body.  In  the  sixth  month  these  unite,  olthougih  canilafc 
is  still  found  within  Lliem,  remains  of  whicli  persist  until  the  thiitcenih  year. 

IV.  The  fikm^id  contains  at  the  fifth  month  a  center  In  the  lubyrinth.'to|;ctfccr 
with  tbe  OS  planum,  the  spongy  bones  and  the  cribriform  plate;  then  in  the  first 
year  there  is  s  center  in  the  perpendicular  plate  and  the  crista  galli .  Fusion  talnc 
place  between  the  fifth  and  sixth  years. 

V.  Among  the  bones  developed  from  membrane  are  the  inner  lamina  of  tbe 
pterygoid  process  (one  center):  the  upper  half  of  the  occipital  bone  (two  ccnterri; 
the  parietal  bone  (one center  in  the  parietal  eminence);  the  frontal  bone  (a  double 
center  in  the  frontal  eminence) ;  in  addition  three  small  centers  in  the  nasal  spine, 
tlic  trochclenr  spine,  nnd  the  zygomatic  process;  the  aatal  bone  (one  centcr)i 
the  squamous  portion  of  the  temporal  bone  (00c  center) ;  the  tympank  ring  (osie 
center) :  the  lacrimal  bone,  the  vomer  and  the  inlcrmaxi!Iar>-  bones.  All  of  tlH«e 
bones  are  designated  co^-ering  or  protecting  bones;  they  are  fonoed  in  a  special 
membranous  deposit,  which  is  applied  externally  to  the  prunordial  crmmtm. 
O.  Hcrtwig  consideTs  tbcm  as  due  to  ocsiftcation  of  skin  anti  nmcous  membtaac 

Goethe  appreciated  that  the  cranium  of  mammats  was  "derived  from  irer- 
tebral  bones.  The  three  first  verlebrx  are  admitted:  the  occipital  bone. 
the  poctsphcnoid.  nnd  the  pir!(]>lienoid. "  The  arch  of  the  middle  cnuiial 
vertebra  is  closed  by  the  Krcat  wings  and  the  parietal  bones:  the  anterior  bv  tbe 
frontal  bones.  The  condition  is,  however,  much  more  complicated.  Gegcnbaur 
and  StAhr,  after  careful  investigation  as  to  the  distance  the  chorda  extends  an- 
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tcnorly,  the  iiMinber  of  crvnilil  ncrtts  that  corr^fpoind  to  spinitl  nerves,  und  th4 
number  of  vjgccrai  nrchcs,  concluded  that  there  nre  at  least  nine  cranial  vcrtebne 
throuffh  which  the  chorda  {muescs.  To  thip  vcrichra]  portion  of  the  head  is  sub- 
jomea  It  prevertebral  or  an  evertebral  portion,  comprising  the  ethmoid  and  anterior 
orbitnl  repiou.  Prorie|>  nhowed  that  the  hyiioRlossal  «it\'c  reiirfwiits  the  (uKJoo 
of  wveraT  spinal  nerves.  In  maminiiU  the  craniwm  up  to  the  vagus  rcsiilm 
from  the  fusion  of  four  rudimentar>'  vcriebrar,  while  the  anterior  portion  of 
the  skull.  tlixDush  the  craJiial  nerves,  aituait-'d  further  fonriifd.  iiermits  the  recog- 
nition of  a  aystcraatic  arraneement  of  the  vertcbrn:. 

The  d*Ttlopm«ot  of  tb«  dodh  of  the  face  is  intimately  related  to  the  trass* 
formation  of  the  viscwal  arches  and  clefts.  Toward  the  large  l>uoc.-al  opening 
th«K  projects  from  each  sid«  tlie  medial  extremity  of  the  first  visceral  arch,  tvitn 
two  processes:  the  siijmrior  maxillarjr  process  (Fij(.  381,  A,  3),  which  grows  more 
toward  the  side  of  tho  buccal  opening:  and  th»T  inferior  maxillary  process  (it), 
wliioh  extends  along  the  lower  border  of  the  mouth.  From  above  (lownwaM 
ther«  now  {rruws  ttie  frontal  prcxmx  (^  as  a  prolongation  of  the  liiise  nf  the  skull. 
a  chick  process,  provided  at  its  lower  oiiti-r  ancle  with  a  spine  (r,  the  internal 
naaal  process).  The  frontal  process  and  the  superior  maxillary  process  Cj)  unite 
in  such  a  mamier  that  the  former  </)  insinuates  itself  betwi-en  the  latter  on  each 
side,  At  the  same  timc^small  cxtcniLtl  nasul  process  (1).  a  continuation  of  the 
lateral  portion  of  the  crnnium,  situated  at>ovc  the  superior  maxillary  process,  unites 
with  the  latter.     Between  the  superior  mnxillar)'  process  and  the  external  nasal 

firocesB  there  is  a  cleft  leading  to  the  eye  ^j),  which  grow*  together  to  form  the 
Bcrimal  duct  \B.  O).  The  bucuul  opening  is  thus  sejjuriited  from  the  nasal  open- 
ing above  Lt.  Thv  division.  h')w*rv<^r.  extends  also  in  the  deptb  of  the  mbutli: 
tlie  xuptarior  maxillary  process  produces  the  hard  palate,  the  frontal  process  the 
intermaxillary  bone  (Fig.  3S3.  W.  >?),  which  occurs  also  in  man.  and  later  uniles 
with  the  upper  jaw.  In  many  animals  the  inter- 
maxillary bone  persists  as  s  separate  bone  (os 
tncisit'uiii) ,  and  bears  the  incisor  tcctb.  The  hard 
palate  is  closed  in  the  ninth  week:  and  upon  it 
the  nasal  septum,  which  is  derived  from  the  fron- 
tal process,  is  supported  at  right  ansles.  From 
the  inferior  maxtllarj-  procea  there  uevGlopc  the 
lower  jaw  <,B.  t/).  At  the  margins  of  the  Duccat 
cavity  the  lips  and  alveolar  border  arc  formed. 
The  tongue  (3}  develoiis  behind  the  junction  of  tlic 
second  and  third  pairs  of  visceml  arches,  according 
to  Bom  from  on  intercalated  piece  between  the 
inferior  muxiUary  processes;  its  root  from  the 
second  %'isceral  nrch. 

These  formations  may  suffer  intemiptiofi. 

t     Hn*f-iip    (oronnnal     tissure.    Fig.    381,  C) 

results     from    nonunion     of    the    intcmaf   n.nsal 

prociss  on  the  one  hand  and  of  the  superior  maxillary  and  extmial  nasal 
processes  on  the  other  hand.  The  cleft  run.t  into  the  nus;d  orifice.  As  a 
rule,  it  passes  between  the  incisor  Iccth.  .ilthoush  riirvly  also  in  front  of  the  canine 
tooth.  In  the  presence  of  maxillary  fissuic  there  arc  often  supernuracrary  inasor 
teeth,  The  intermaxillary  bone  has  two  ct-ntcrs  of  o«sificati«»,  one  in  the  internal 
nasal  process,  the  other  in  the  region  of  the  superior  maxillftr>'  prnce-ss.  From 
the  e.\tenial  nasal  process,  which  docs  not  extend  all  the  way  down,  no  especial 
bone  results.  The  nose  and  the  mouth  may  be  united  either  only  througli 
the  soft  pnrts  (hare-lip,  Fig,  381),  or  entirely,  also  tbrough  the  h;ml  palate  (wolf's 
throat):  both  malformations  may  be  uiul.itcral  or  bilateral  The  formation 
of  cleft  palate  in-iy  be  due  to  the  dreumslance  cither  that  the  superior  maxiltar}- 
and  the  frontal  process  wholly  or  in  part  remain  too  short,  so  tnat  they  do  not 
come  in  contact;  or  the  frontal  process  grown  too  far  forward  lilic  a  snout,  and  often 
also  is  diminished  :n  si«c:  bo  taat  the  superior  niaxil!ar\'  proct-ss  cannot  rcAcli  it. 
a.  A  failure  of  uniim  between  the  internal  and  external  nasal  proces*  on  the 
one  side  and  the  superior  maxillar>-  procesi  of  the  other  sid<-  results  in  the  cihtiqv* 
facial  cU-fl  (oro-orbital  cleft.  Fig,  jHa,  D) :   the  nasal  orifice  is  not  slit. 

3.  The  ^ral  elift  [niacmtnomia)  is  an  abnormally  large  lateral  cleft  between 
the  superior  and  inferior  maxillary  processes,  which  may  extend  ax  far  as  the  ear 
(Fig,  38a.  B.  m). 

4.  The  occurrence  of  a  ^stula  of  the  iouvr  lip  is  cxireitw^y  rare:  it  is  regarckd 
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M  the  Rrmain*  tit  m  fcul  cMt  between  tbc  middle  and  Utcnd  portkM  af  tb> 
fanntBg  kpwtr  Up. 

Pram  (be  jtoncrior  pcvtioa  orf  tbe  fini  visceral  arch  then  ilcvdop  Um 

tbe  mallnu  (wbicb  uoa«r^  outflraiton   tn   ibv  fuunh   mooth).  snd   tbe  Ic 
canilmgtncNu  pTixi»  of  Urclu'i.  which  axisn  frcm  the  [iia0«u»  brbind  tbe  t^ 
panic  rinx- lUta  paasea  forward,  and  wliicb  extends  on  tbe  toner  side  of  the  lower  j 
aliWMt  o  ita  median  anioa.     This  [iroces*  bectna  to  almphy  at  the  Btxtk  bum 
Ncvcrtbi-lcM.   ita  {MitcTiur  portiaa    forms    the    internal  lateral  lJ|e>Ka3it  of 
tcrap^jinmaxillary  loint,     Cloac  to  it.  at  it^  Ofigin  trom  the  malicis.  the  procei 
F«lh  )■  foraMrd.     A  portion  tii  tt«  median  catreiiuty  in  t^sifyriit  wOateS  witlt 
in{eh<^  maxilla.     The  lower  f  aw  onginatea  in  merabeane  ai  a  protecting  bene  i 
(biT  lirKt  viaeeral  arch:  ihr-  angle  and  tbe  eondylv  devvlop  man  a  eartilag^ 
depodt.     The  symphyau  irf  ihi>  lower  jaws  unttec  in  the  fint  year      Fraen 
■apenor  nuuullary  procen  tliere  ilevckifat  in  addition  to  tbe  upper  faw  also 
iniemal  plate  u(  the  jitery£md  procem.  as  well  as  the  palatine  proecaa  al  the 
per  jaw  and  the  palatine  hone  at  the  eiid  of  the  second  months   and.  finaUy, 
zysomatic  bone. 

Tbe  aecuad  \'isccral  ardi.  nriifinatinc  from  the  temporal  bene,  asMl  ntaa 
parallel  with  tbe  &rst  visceral  arch,  fr»rms  successi^'d)'  the  stapes  (accotdtnf 
BAlensky.  however,  tbi*  •^nginat*^  fmm  a  carttlacinoua  tnasa  coaneeted  wit 
tbe  tirtt  areh).  the  pyramidal  eminen.ce  with  the  stapedius  ntoKle.  the  tyi 
process;    tbe  (previooily  canila^nous)  stjplohyoid  ligament,  the  teasel 
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the  hjroid  bone  CLandois  saw  tbe  styloid  process  transformed  into  tMnc  down 
to  the  leaser  comu  on  both  aidea),  and  Anallv  the  gloasopalatioe  arch. 

Prom  the  third  visceral  arch  then  develop  ihc  KrCAter  cornu  and  the  body  ol 
the  hyoid  bone  and  finally  the  pharyncopalatinc  arch. 

Tne  fourth  visceral  arch  contaioa  the  rudiment*iY  thj-ivid  cuiilage. 

The  branchial  or  visceral  arches  may  in  general  be  rvffard'd  as  the  analo 
of  the  h!«.  _.•_». 

Of  the  vi«*»TttI  clefts  only  the  lirrt  reinain»— as  the  anditory  canal,  whidb 
ts  transformed  into  the  tympanic  cavity  and  Ihe  Euslachian  tulie.  all  of  th*  Othtf" 
fuse.     If  on*  or  another  reniaioK  ujien  (arrest  ■»(  development,  occawiaially  mmdJ- 
tar>'  in  certain  familjr»)  there  th*-n  rrsiiltt  the  cunvenital  complete  cervical  firtula^ 
(mostly  arisin;;  (r<jm  the  sccnt>d  cleft   alcmcV     The  luucsaccs  may  P'^'*^,^!!?] 
cither  an  inntr  ur  an  ■mlL-r  opening  <xily;   there  then  remit  blind  pawages  or  di™»l 
ticuU,    which    art    ili-jHirnaud  mcompWc  cervical   fistula.     Also  ^>**"^'J*j*^^l 
tum<w>  and  cysts  take  ibcir  onK>i>  from  the  I'iiccral  fomwttions-      Partial  duj^>cafj 
tion  of  the  lower  jaw,  which  is  exceedingly  rare,  is  lo  be  attributed  to  an  W»cr« 
in  1h<?  numl^ee  of^vtswral  ar^^hc*  ,  -  .    _ j 

"'  ■       !^  are  formed  as  paired  diverticula  "^   ,    '     ^tI 

Infr  ;>^  visceral  aithts.     The  thyroid  K  ' 

fir  1    i.ri'.   !.•"  lateral  rudiments,  which    Bub*e<('> '  '  _■ 

TIk  I  111  two  pharynaral  clefts  docs  not  «tr«»phy  l»*uw'' 
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prr-jlift-rates,  <lfivc«  tin.'  cylindritnl  processes  inward  and  develops  itilo  two  epi- 
thelial vciiiclt*  (the  t>a:rt*l  nidimtiil  of  ihe  tJiyrftid  j;'*'^'"  These  vesicles  have 
a  ccntriil  cleit,  whit-n  at  limt  still  fomnmiijcMtcs  with  the  phar>Tix  Thtf  paJr*(I 
rudiment  of  th>r  thyroid  gi\t'e  ofl  from  the  original  cavity  buds  that  smc  at  first 
Milid.  bui  subsequently  become  bollaw;  later  ttie  paired  rudimencs  fuse.  Ac- 
cordinu  to  His.  tlu-  t!t>'riiid  (man.  fnurth  wixk)  in  the:  n-|cio»  of  the  second  pair  of 
viscenu  nrchrs  lic»  in  frrnit  of  the  tongue  bs  an  epithelial  vesicle.  Of  the  cpi- 
ihdiaJ  ponion  of  ihi;  thymus  eland  (which,  accordinc  to  Bom  and  Fischclcsf. 
urigiaaii-3  fruni  the  thinl  vi^cerul  cleft)  then:  tiersint  initv  the  sot-allcd  conccnlnc 
bodies.  His  describes  in  mun  (fourth  week)  epithelial  ^ivcrticulu  from  the  sides 
of  the  fourth  and  hlth  nortic  nrchcs  a^  the  rudtmoniary  thymus.  The  carotid 
gland  also  is  of  epithelial  origin,  a  variety  of  the  thyroid. 

Tb«  Extremities.— The  eoursi'  and  the  origin  of  the  nen-v*  of  the  brachial 
plcxuu  tndic»Le  tliat  the  upjier  exiri'mity  has  harl  a  jiiitHtiini  moru  toward  the 
cranium  tm  the  vertebral  column  (last  cervical  and  first  diarsa!  vcrtebrw).  The 
nidinu.'nt  of  the  lower  extremity  corresponds  to  the  region  between  tlie  last  lumbar 
and  the  third  nr  finirlh  utrnd  vurtel>rii 

The  clavicle,  iin-dirmcd  not  in  connective  tiuue.  but  in  cortila^.  like  the 
fiucula  of  birds,  cxnibits  marked  growth,  so  that  in  the  second  month  it  is  four  times 
as  large  as  the  thigh.  It  oetiJies.  llie  first  of  all  uf  the  bones,  in  the  leventh  wei-k 
At  the  time  of  puberty  a  f  Umal  epiphysi.i  n  uddi^d.  Epiict«ma]  (ormation.4  miist 
b«  referred  Lii  the  clavtele.  Ruge  regiirtln  (■artil.iginims  jiieces  iM'lwcen  the  cluvide 
and  the  sternum  as  the  analogues  of  the  epistcmum  of  animals  The  clavicle  in 
wanting  in  many  mammals  (hoofed  animals,  beasts  of  prey);  in  alipeds  it  is  ex- 
ceedingly targe,  in  rabbits  half  mi-mbnmous.  Tlie  furcula  nf  birds  represents  the 
united  clavicln, 

The  scapula  when  first  indicated  is  united  with  the  clavicle;  at  the  end  of 
the  Mrcuiid  ini>nLh  it  exhibits  a  central  nucleuii.  which  M>on  enlarges.  Of  the 
aoc«»ory  ccntvre  uf  os»lic;ition,  thut  in  the  coracoid  process  is  of  interest  morpho- 
logtcally;  the-  lattL-r  fornix  at  the  xamo  time  the  uppermogt  portion  of  thr  iirticular 
Burfaec  In  birds  this  rudiment  grows  as  the  coracoid  bone  up  to  the  sternum, 
while  in  man  only  a  membranous  band  pa.<ses  frutn  the  apex  of  the  coracoid 
process  to  the  EtemuTQ.  The  lung  basal  scparattf  strip  of  bone  corrcspumU  to 
the  supraacapular  bone  of  some  animals.  Other  centers  of  ossification  are  as 
follows:  One  in  the  lower  allele,  twoor  three  in  the  acromion;  one  in  the  articular 
surface:  an  inconstant  one  in  the  spine.  Complete  consolidation  occurs  at  the 
time  of  puberty. 

The  buiaenis  undergoes  ossilication  l>etween  the  eiehlh  and  the  ninth  week 
in  the  diaphvsis.  Other  crnten  of  ossification  on:  as  filows:  One  in  the  upper 
epiphysi!<  and  one  in  the  emincntia  capitata  (first  year) ;  one  in  the  greater  tuber- 
osity, and  one  in  the  leswr  tuberosity  (second  year);  two  in  the  condyles  (between 
tli4i  fifth  and  the  tenth  year):  one  in  the  trocnlea  (twelfth  yearV  The  diaphysis 
unites  with  the  epiphyais  between  tht;  sixteenth  and  the  twentieth  ycar. 

The  radiua  osxifn-K  in  the  third  month  in  the  diaphysis.  In  addition,  a  center 
occurs  in  the  l<jwer  epiphysis  (fifth  year) :  one  in  the  upper  epiphysis  (sixth  year); 
the  centers  in  the  tuberosity  and  in  the  styloid  pmcciuare  iiicunataut.  Union 
occurs  at  the  time  of  pul>erty. 

The  ulaa  ossitics  in  its  middle  portion  in  the  third  month.  In  addition  there 
is  a  center  in  the  lower  extremity  (sixth  year)  and  two  in  tlic  olecranon  {between 
the  elevt-iiih  and  fourteenth  j-ears);  u  center  in  the  coronoid  process  and  one 
in  the  styloid  proce**  are  inconstant.  I'onsolidation  of  the  bone,  takes  place  at 
pubt-rty.  In  the  Hying  dog,  pteropus.  the  olecranon  persists  as  a  special  bone, 
cubital'  patella. 

Tlie  carpal  bones  in  vertebrates  are  arranged  in  two  rows.  The  first  rriw 
contain>  three  linius  side  by  sjile.  the  radial,  the  intermediate,  and  the  ulnar. 
These  ore  represented  in  man  bv  tjic  scaphoid,  the  semilunar,  and  the  cuneiform 
(the  pisiform  is  only  a  sesamoid  bone  in  the  tendon  of  the  flexor  carpi  ulnaris). 
The  second  row  contains  actually  (for  cxumplc,  in  the  aotamandert)  as  many 
tiones  as  there  arc  digits;  in  man  the  common  rudiment  of  the  fourth  and  filth 
finger*  eorresponds  to  the  unciform  bone. 

Mfirpholngically  it  is  noteworthy  that  between  both  rows  there  is  at  first 
formed  a  central  Iwtie  (contsponding  to  ilie  central  carpal  iMjne  of  reptiles,  am- 
phibia, and  sumc  matninals).  but  this  airoiihies  in  the  third  month  or  fuses  with 
the  scaphoid.     Only  in  rare  instances  does  it  persist.     It   persists  constantly 
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in  the  anag.    AU  vl  Or  c«tp«l  boow  ate  atffi  innffapncBi  at  Iwtb.    Tte^ 
aa  BOOmn  i    Ot  mapmsA  vnaum  {ftnft  ^cat^ ,  cmBUfsi  CiAtra  i^af} , 
avaihmar  (fifth  ytati.icajboid  (sxtb  jrtai).  tnpcseid  vmnta  jrear). 
(twdfth  yon- 

The  OMtMaffal  haoaa  exinbit  a  center  in  tbc  dXaiAirfa  at  the  end  o<  tlic  tlanl 
montli.  the  Home  is  tnte  of  the  ptilanna.  AH  of  toe  |iliahiiu^i  *ad  tfac  fint 
booe  of  the  tliBmb  h«*c  eartilacnoaa  yyfcytca  at  the  rT"*!"**^  ^ctnattr^  tfaC 
laioaitMoe  lataoMy*!  booaa  at  Um  oatal  axtmBtlT-  Accordiaj^.  tli*  fint 
boae  of  tac  tlm^  ia  to  be  fcpfded  aa  a  lAalaaz.  tte  ep^ATMa  of  tba  ■>■>»- 
f  amal  tifniii  iiwifji  tn  tlw  nif  nnil  ji<ear;  ihiar  of  tlw  nhilinjrf  i  m  the  tfeud 
■tMo  talcc*  place  *t  the  thna  of  pnlwrty.  Tha  nwrrtinw  nf  llrtiw^  is  bo 
that  m  the  ant  lonaMicm  a  tracer  amalbtr  of  ibints  (op  to  atDe)  are  : 
whicfa  later  diminiA  to  five.  AccowMpfly.  pohrdactyly  raar  be  nfanled  aa 
awUbrinatkn  tfoe  to  anrvt  of  dcTatepmeitt-  Uimava.  rudinicxitaiy 
of  a  Bzdi  6ager  (radial  aa|KCi)  asd  of  a  aixth  toe  (tSiiBl  aifiect)  are  prtamt 
suttT  tnaiBiBala,  tor  cxaoiplc  in  f"«^'"  t,  Batddeban  dHnnaus  tK«-y^  ; 
ivdvprepoHet  aoxl  pwhaOua.  Tfaer  are  nre  in  man  aa  an  animal  anaJocacT 
Hie  iwniiilnaM  boac.  in  Ifae  cartilagbioBa  atagc.  cnmiatt  of  two  firfik 
pobu  asd  the  iichimn ,     OMtfieati'M  bc^iaa  at  thn*  oeatcta:  Oot  m  the 

(between    the  third  and    foortfe 
motitha).  one  in  the   rtrapmdmg 
ramoi  of  tba  isctiioBi  (Inlwai 
the   (ottnli   and   nhb   nooika}, 
uoe  in  the  bonaonta]  racnn 
the  pabiw  (between  the  fiftti 
aamnh  nwotfas).     Dctw uen 
sixth   and    tbe   loortaeath 
three  owiten  appear  vbeie 
bodied  of  the  th>«c  booca 
to  fofiB  the  aeetaboUm: 
tn  the  aipeifieiei  aKricalana  j 
one  is  the  sympbftit. 
acoeeeorr  cestco  an  aa 
One  eacn  in  the  anterior  i 
Bpioc.  the  crest  of  tlw  iliaoii, 
tubercMttr    aod    aptne    of 
ijcfaitm,  the  splBe  of  tbe 
tbe   3iopcctiaeal    eminence 
the  floor  of  the  aoetabnluBL. 
deaoendtBg  noma   r/t  the 
and  the  aseending  n 
tschinai  arc  the  mat  to  nniu 
twtcn    the    nrventh   and 
yesn.     Tbe  Y-*bapcd  em 
the    aoetabnhua     peciim 
paberty.     A  special  oentcr  in 
margm  of  the  acrtabnhim  * 
aa  the  os  aceUboH  (twelftfa'^rearlj, 
which    fusrc    with    the   adjacent' 
bnoes  in  the  cighteemfc  year 

The  fanor  aoqaires  'its  taad- 1 
die  center  of  oeeificatioa  at  the  end  of  the  woood  mooth.     At  birth  there  ia  i 
oeater  in  tbe  lower  epiphyel*.  and  aomewbat  later  one  in  tbe  head- 
There  are  in  sflaitinn-   r>n?  in  the  j^atrr  tmchwitcr  O'etwacn  the  thiid 
ckvcnth  yean) .  one  m  the  lesser  trucbantcr  (betwrni  the  tbtneenth  and  fov 
jrarx.  twn  in  the  coodylea  (letween  the  fourth  and  dKhlh  ^'vaia).     tJoian  olas 
oecun  at  alxiQt  tbe  time  of  puberty.     The  patella  is  a  sesamoid  booc  in  the  *— ■^■*t 
<A  tl-^  quadriocpa  Cem'jdc      In  tococ  toafsupjals  it  unite*  with  tiac  Sbula  as  tbe 
abulu-  olecranon      The  patella  is  eartiUginoui  in  the  ateood  nonth;    it  «i itili ii 
b*ntvpn  the  ftmt  v\^  \h\ry\  vean. 

Thr  tibia  and  the  ObuU-tndergoMJdiiattirniin  their  diaphyaca at  tbe  befbmn 
pi  ttv-  tJiifii  incin:h       Tli  ■   morr  rpiphyctt  fatt  oootaiiis  a  centar  <between 

■  r.     Accessory  center*  are  ptvaeni  ic  the  tal 

'  ii.     Consofidatfoin  o(  aD  tana  plsoe  at  pabcrtj 
:;^cii  in  a  manner  analogous  to  those  of  the 
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In  the  first  row  the  astragalus  corresponds  to  the  tibta,  the  calcaneum  to  the  fibula. 
As  a  third  bone  of  the  first  row  there  is  particularly  worthy  of  note  a  small  piece 
of  bone  adherent  to  the  astragalus  at  the  insertion  of  the  posterior  fibular  liga- 
ment of  the  tarsus.  This  corresponds  to  the  semilunar  bone  of  the  carpus, 
is  indicated  in  the  second  month  as  an  independent  cartilage,  and  appears  in 
urodela  and  marsupials  as  a  typical  intermediate  tarsal  bone,  mhough  it  does  not 
undergo  development  in  man. 

In  the  second  row  (as  in  the  carpus)  the  rudiments  of  the  fourth  and  fifth 
bones  are  united  as  the  cuboid.  The  tarsal  bones  ossify  in  the  following  order; 
Calcaneum  (beginning  of  the  seventh  month) :  astragalus  (beginning  of  the  eighth 
month) ;  cubotd  (end  of  the  tenth  month) ;  scaphoid  or  central  (between  the 
first  and  fifth  years) ;  first  and  second  cuneiform  (third  year) ;  third  cuneiform 
(fourth  year) .  In  the  heel  of  the  calcaneum  an  accessory  center  develops  between 
the  fifth  and  the  tenth  year,  and  unites  after  puberty. 

The  metatarsal  bones  are  formed  in  the  same  way  as  the  metacarpal  bones, 
but  later. 

After  numerous  measurements  of  the  diaphyses  of  long  bones  in  embryos 
and  fetuses,  the  writer  has  been  able  to  establish  the  following  general  principles: 
I.  Up  to  the  ninth  or  tenth  week  the  ossified  middle  portions  of  the  long  bones  in 
the  upper  part  of  the  body  are  the  largest,  and  in  the  followingorder:  Inferior  max- 
illa, clavicle,  humerus,  radius,  ulna,  ^mur,  tibia,  fibula,  a,.  From  the  sixth  month 
they  range  in  size  as  they  do  in  the  adult.  3.  The  diaphyses  of  the  tubular  bones 
of  the  upper  extremity  are  at  ^1  periods  of  fetal  life  relatively  larger  than  those 
of  the  lower  extremity.  4.  In  the  first  half  of  fetal  life,  the  diaphyseal  bones 
grow  in  the  same  length  of  time  much  more  than  they  do  later;  even  twice  as 
much  and  more.  Of  the  epiphyses,  ossification  takes  place  earliest  in  those  that 
have  the  greatest  relation  m  weight  as  compared  with  their  diaphyses. 

In  the  formation  of  bone  from  cartilage,  the  cartilage-cells  multiply  in  the 
dilating  spaces  in  which  they  are  contained.  The  latter  unite  to  form  large 
cavities,  upon  whose  walls  the  new  bone-mass  is  deposited  in  layers.  Whether, 
under  such  circumstances,  the  descendants  of  the  cartilage-cells,  greatly  increased 
in  number  by  division,  become  transformed  into  bone-cells,  or  whether  the  cells 
utilized  for  this  purpose  grow,  together  with  the  blood-vessels,  into  the  ossifying 
cartilage  (while  the  cartilage -cells  degenerate)  is  still  an  open  question. 

Dried  bone  consists  one-third  of  organic  matrix  (bone -cartilage,  by  boiling 
reduced  to  gelatin),  further  of  neutral  cScium  phosphate  (57  per  cent.),  calcium 
carbonate  (7  per  cent.),  magnesium  phosphate  (from  i  to  2  per  cent.),  calcium 
fluorid  (i  per  cent.)  and  a  trace  of  chlorin.  Fresh  bone  contains  about  23  per 
cent,  of  water;  the  marrow,  fluid  bone-fat.  albumin,  hypoxanthin,  cholesterin, 
and  extractives.  Red  marrow  contains  more  iron  in  conformity  with  the  hemo- 
globin present. 

The  bones  (for  example,  the  tubular  bones)  grow  in  thickness  by  deposition 
from  the  periosteum,  the  cells  of  the  latter  being  transformed  as  osteoblasts 
into  bone-corpuscles. 

In  part  the  peripheral  regions  (parietal  layer)  of  the  osteoblasts,  resembling 
epithelium  lying  close  together,  are  transformed  into  the  hardened  matrix  of  the 
bone,  the  cells  ^coming  star-shaped  bone-corpuscles.  In  part,  however,  isolated 
star-shaped  periosteal  cells  also  are  transformed  into  bone-cells,  a  hardening 
blastema  being  poured  out  between  them  and  taking  up  the  fibers  of  the  perios- 
teum as  Sharpey's  fibers  into  the  substance  of  the  bone.  Coincident  with  the 
growth  of  the  bone  at  its  periphery,  the  medullary  cavity  becomes  larger  through 
absorption.  Rings  placed  around  the  shaft  of  long  bones  in  young  animals  subse- 
quently come  to  be  within  the  medullary  cavity. 

The  growth  of  the  bones  in  length  takes  place  in  such  a  manner  that  the  strip 
of  epiphyseal  cartilage  adjacent  to  the  diaphysis  undergoes  constant  ossification, 
while  new  cartilage  is  being  constantly  produced  at  the  peripheral  extremity. 
When  the  growth  of  the  bone  is  completed,  the  epiphyseal  cartilage  finally  ossifies 
as  a  whole.  Whether  in  addition  to  this  growth  of  the  bone  through  apposition, 
there  is  growth  also  through  intussusception  or  interstitial  expansion,  investiga- 
tion (whether  two  peg?  driven  into  the  shaft  of  a  growing  bone  become  further 
removed  or  not)  has  not  yet  determined  conclusively. 

The  form  into  which  the  bones  develop  depends  also  upon  external  influences. 
They  develop  the  more  rapidly  the  greater  the  activity  of  the  muscles  attached 
to  them.  In  overcoming  pressure  normally  applied  to  a  bone  it  yields  in  the 
direction  of  least  resistance,  and  becomes  thicker  in  this  direction.     The   bone 
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enmt  man  slowly,  ftmhrr,  upon  the  side  at  Uw  ipcBtcr  vJctenuJ  pmstav. 
Dtndx  in  the  prawaee  of  ooe-uded  promre. 
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loUcr  S  (Fir  ^84,  i)  and  a-vm  cxhibiU  a  di Son-ntiatioo  into  the  opfxr  »MtW 
porttrm  ('J)  wttli  tbr  bitib  (h).  the  middle  venihculor  yiontom  and  Ihr  low«r 
venous  portioa  (p).  The  v«ntriciiltirjK>niuti  miw-  Itrnds  upon  itwlfm  the  shape  of 
thestoioach  (»),  the  venous  portkin  in  cntrec<|iienee  taking  a  hight^  )mhiik«)  (.1) 
and,  later  on.  one  sooirwlvat  iiaclc  of  the  artenal  portion  h"nxn  the  venoai  pfx* 
Uan  therv  grty»i%  to  rieht  ind  to  left  a  UithI  nr,  the  fiTmunner  of  the  larfv 
auricle  (j.  f  ^,).  The  tamd  of  tlie  heart  body  cormpondinK  to  the  gicaler  Citm- 
ttire  (j,  In  is  divided  extrmally  by  s  shalknv  grrtovc  into  tvm  htrge  puts  fj). 
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tea,  j»  J .— l>evdnt«iKm  Dfilw  titan  <ial^n  Dla(runm>ik}.  i.  Flm  iBdiubtainl  itabcait,  ■,  aink  |mM 
wlib  the  bulb  iky.  *.  veaoum  pnntan.  *.  Sutauti-tbmpti  flftura  of  tb»  hmn,  «.  aanlc  tonlaM.  oak  ita 
bulb  !t>i  V,  ivDDitlr:  .t.  uLrinitu  purUM.  j.  DtmJoijiuciu (4  ihc •uricvUt  iiipcadua  •.  *■  aoil  ibc  o- 
l0iul|tniDVTonihc  imuldc.  4.  BrnnitlnirihWeoct  ilieiiiint  (•)  JDiutwnloain'wIUartalEt  <•).  i  Vk« 
bum  bihind  Ihrmuth  Ibt  lFnlru|«kcJsi)rl<lc  I v,  t)  {)■<■>  Ihi  led  r£)  uit  itic  rii^  'Jin  irMnclr.  hlvrtca  vUffc 
Iht  •c|)tum  irci)cm.  md  Id  which  mimioly  thr  Hhj  larsr  iRmal  iiwU  (J>  anna  and  IH  (adOt^MfT 
■ncfycniiMT.  ft,  KiJAljiuiu<4Uwnilisim  <>[  i1i  ii|iiii  ii  H'lliii  1  iiili  ii  i  r(  i1  i  i  i  m  ilii  iialilii  lilfcumft 
mmtic  Hew  (mm  sliinc).  x,  diicrlifin  nl  the  IiImhI  ittnaiii  Inim  Iht  Hiirni  a\a  bits  Ike  i^l  vmoiili; 
jr.  thai  at  the  bt>ud-im«ni  rrem  th«  MmSw  mn  ;nii.  (h«  Iifl  vn>fH(b:  li.  tulfnb  o(  LiVRvt.  :.  UMfl 
d  ibe  DMUK  (nut.  M,  rishl.  £,  left  >aiutde.  a.  ai>Ra  >Kiib  ihc  iiuumiuK  mivij  (nl.  lUvcid  «tl  and  kk 
WibclairtaD  (t)  anenr:  B.  dutt  iif  Biitil.  f.  iJulmuBaty  xnirj  mih  Ihr  WIB  JImiauliw  pulncaafr  taaaikB 
laali- 

The  Urge  truncuE  venoeus  (4.t>),  which  bccumos  embcddi-d  in  the  middle  of  tha 
po«lerior  wall  of  the  nunculnr  portion,  it  formed  by  the  unir.«i  of  the  Bvpenor 
anrt  iiifi;nur  cuvne  I.au-r,  ihiK  roinnwin  inink  in  (]r;iiii)  into  thv  wall  irf  the 
enlarging  •urivic,  und    in  thig  w>v    ihrrr    rrnilt    thr  st^Lrali?  ofirninn  for  tha 
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1>Mlivciiiru!le);,  lying  butwoen  an  anterior  and  a  posi«hor  lipof  projectmg  endotbe- 
1iuni.  frwn  which  the  Miiricultn'enuicular  valvm  arc  formed  Thtr  ventricular  sep* 
turn  STOK'H  upward  toward  tticauricutar  cannlnnd  fuses  at  this  point  with  two  cndo- 
ihrltal  pniliferalions  (endothc-lial  cushiuna),  which  in  thv  lumen  of  ihi-  auricular 
canal  traverse  the  mouth  "f  the  tranal  from  bt'fur*'  und  bcliiml.  In  the  df;hti) 
week  ihc  ventricular  septum  is  fully  dcvt.-l'>ix:d  A  (rcc  cointnunic»iit>n  thus 
«xiiit9  between  the  large  undividi-d  auriclr  and  the  corrvspfwiding  ventricle  {5) 
hv  wa.y  at  a  right  and  a  left  aurieulo-vcntricular  orifice.  There  inen  grow  into 
tlic  lars<^  truncus  nniTiiimii:  (4,  p)  two  wing-like  septa  (4,  p  a),  which  fmally 
meet  in  union  and  di^-ide  the  tube  inlo  two  Itibet  (5.  a  p).  The  InttiT  lie  panilk'l 
lu  one  anoilior  like  the  barrels  of  a  double-barreled  gun  (a«rta  and  pulmonary 
arlerjO  Thr  seiitiiin  1h*iww^  the  two  aaxumci  a  downward  direction  in  such  away 
as  to  meet  the  intcrvcniricular  scirtiim  (s>,  in  thiii  way  thr  righl  wntricfe 
tiimmumcati'a  with  the  pulmonary  artcr>-  and  the  left  with  the  aoria.  The  divi- 
sion of  the  truncus  art<;ri(Bu».  however,  takes  f)''*^'^  ""'y  *"  '^  ''f^'  part.  FurtJier 
on.  it  is  not  complete,  that  is  tlic  pulmtmary  strter)-  and  the  aorta  luiitc  above 
lo  form  a  ommon  trunk— the  ductus  arti^nosu*  Botolli  (7,  it).  In  the  luincle 
tk^n  gr'^y  (tan  before  and  b:?hind  a  portion  of  a  septum  that  ends  within  the 
cavity  in  a  concave  hordtrr.  The  superior  cava  (6,  C's)  cnlere  to  the  riRhl  of  this 
[old.  so  that  its  blood  would  have  a  leiulency  to  pnra  into  the  riahi  veiuride  (in 
the  diivctton  of  the  arrow  6.  t)  The  inferior  cava  (6.  CO.  on  the  conirar>'.  opens 
directly  ojiiKmi te  the  m-'irpn  of  the  (old.     There  is  thus  fonned  to  the  left  of  its 
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Fio.  }■].— l>ovclot""*ril  Iron  fhr  Aoitir  AnVt  1,  Tht  nrfinmiucy  .«!.  jii.  »nd  iil  anrllr  urliA.  j.  Five 
Mtik  aKllM:  M.  mnunoa  ^iittit  iniDk;  t  il.  ttmriuliiw  soiii.  i.  Aimtih;  i>l  ihr  Imi  iiii|i(iini>I  lUcJio 
oa  caA  rid«:  S.  iub<1i>ixn  ■tirry;  ti.  vcnr1.nl  utrry:  .»,  iiilliiy  iir-n  4,  TNiiwiiinn  ^>  thr  duniuilw 
Muc  el  (omiuiini.  F.  111.lm1.nn7  Mini;  A,  mtu;  tit,  iluctu-.  Uoulii.  S.  njrbl  •utrtU*i«i  wlciy.  Iiniicd 
«lili  ih*  rifbi  anrnncni  rsruuil.  ihiih  iliildn  loin  iba  iatrnul  tCii  uid  Iht  nlfrnal  (Cf)  nmtidi  a*,  uUtuy 

(entrance,  oppoBite  the  auricular  fold,  tin-  valve  of  the  oval  foramen,  which  permits 
the  blood  to  flow  only  to  the  left  in  the  direction  of  the  arrow  v.  To  the  right 
of  the  mouth  ol  the  cava,  oopoiute  the  (old,  thcra  is  formed  the  SuKtachiiui  valve, 
w.iich  together  with  the  tubercle  of  Lower  ^IL^  piides  the  Gtream  of  the  inferior 
cava  to  llie  left  into  the  left  auricle  After  birth  the  opening  is  closed  by  the 
valve  o(  the  oval  foramen.  In  addition,  the  ductus  Bfitalli  is  nblilerated  (by 
iticrejiw  of  the  pn-*sun-  in  the  aorta,  which  closes  the  lumen  of  the  mouth),  so 
that  the  blood  ol  the  pulmonar>-  artery  is  now  forced  to  pa**  through  the  distend- 
ing  pulmonary  brancnea. 

The  persistence  of  the  oval  foramen  is  a  develop  men  tnt  defect  that  causes 
•  aevcnc  circulatory  distuthances,      Kcrgcradck  diucuvcred  the  fetal  heart -sounds. 
Many  anomalous  peculiarities  in  the  development  of  tht'  heart,  which  have  been 
I  studied  especiallv  by  Bom  and  Rose,  eannot.be  dcwribcH  here, 
]  ArUriW. — W'ith  the  development  of  the  visceral  arches  and  clefts,  the  num- 

ber of  aortic  arehei  on  each  side  boeomei  increased  (rnm  one  up  10  live  (Fig  3*5). 
and  these  pass  above  and  Ih-Iihv  each  vi»reral  cleft.  Inil  nuhse'iiiently  unite  lolorm 
a  tommrm  tnink  (j.  mil       The  vessels  persist  onK'  in  Rill-bniithcrs.  F'E    74  _    In 

t  Iran,  the  two  uppermost  no  riie  arches  on  each  side  (j)  atrophy  first.  In  the  division 
of  the  truncus  arteriosus  into  lliepuluionary  artery  and  the  aorta  (4.  f'A)  the  lower- 
m^t  arch  on  each  side,  together  with  its  origin,  becomes  the  milmonarj-  arter\' 
(4)  and  therefore  arises  from  the  right  heart.  Of  these,  the  Icit  lowermost  axcn 
formn  the  dticlus  Holalli  (ilB).  and  at  its  origin  the  pulraooary  branches  of  the 
pulmonar)'  arterj-  ari-te      Of  the  archen  joined  to  thp  aorta,  tfic  left  middle  one 
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(into  which  the  ilnctiu  Botalli  emptieit)  becuo^s  the  pemuaent  aocu,  tbe  ii| 
the  right  subclavian  (Si-    The  uppermost  arth  on  each  side  becomes  the 
of  thcckrotida  (C'l.Ce).     According  to  ZimmrnnanQ  tbcir  occur  to  tnaasDdtD] 
bits  tbe  rudimvnts  o(  a  hitherto  unlmown  tnmailon-  aicb  between  the  lowrnDovt 
and  the  next  higher  aortic  arch  on  each  nde. 

The  arU-ncs  of  the  hrst  and  the  (ircond  circulation  hare  already  been  eoo- 
■idered.  With  the  disappearance  of  the  orephaloaie*ent«nc  circtilation,  there 
ii  but  one  otnphalomesenierto  artery  present,  and  this  aoon  gives  off  a  btsacb 
to  the  intt^siine.  Later,  the  nmbdiical  artery  atrophim.  bo  that  the  trunk  of  tfa* 
intestinal  artery  (the  superior  mesenteric  artery,  tbe  largext  oS  all  arteriM)  is 
oeigioally  an  omphaloaicscntcn'c  artcrv. 

TheVeiii*  Ct  the  Body.— Thi-  veins  that  finrt  develop  in  the  body  of  the  embryo 
itadf  are  the  two  cardinal  >'cins.  on  each  side  an  anterior  (Pie.  386.  I,  es)  and 
a  posterior  (ci).  which,  passing  toward  the  )>cart,  unite  od  each  Hide  to  form  a 
large  trunk,  the  duct  of  Cuv-ier  {D  O.  The  latter  jom*  the  venous  portion  of 
the  haart.  The  anterior  cardinal  v-einn  gi\*e  off  the  culxlavian  veint  (6  bi  and  the 
common  juguUr  veim,  which  di^-idc  into  the  intcmul   (7<)   and  rxtcmal   (M 

jugular  voitis.  In  addition. 
there  is  a  transverse  anas- 
fe         t  tomoting  branch   nascini;  0^ 

liqucl>;  crom  the  left  (where 
■I  divides)  toward  the  nsbt. 
and  emptying  into  ita  tnoik 
at  a  aotDcwhat  lower  lovcL 
In  the  definilive  devcloptnnti 
(II)  this  noaatomoitng  branch 
{As)  beeomes  large  (forminK 
^^^   -      ^.  the     left     innominate     vcia); 

C*  ^tr"  besides  tbe  subclavian   veins 

(b  b)  increase  in  sice  with  the 
fTowthof  the  extremities:  and. 
finally,  the  caliber  of  the  two 
juKular  veins  is  rcdprocaDy 
altered,  so  that  the  rudi- 
mentary internal  jugular  ^-eja 
becomes  l^nC^  ij*)-  while  the 
external  jugular  vein  beco«nc4 
smaller  (M.  in  many  aniiiuda, 
for  example  dogs  and  lab- 
bits.  the  rmbryunal  pmpor* 
tinns  persist.  The  porttoo 
of  the  left  superior  cardinal 
vein  from  tbe  point  of  ana^ 
tumoais  down  to  the  Irft  duct 
of  Cuvier  atrophies.  The  pos- 
terior cardinal  veins  divide 
in  the  pelvis  into  the  hyp«- 
Raitric  [I.  h)  and  the  exter- 
nal iliac  (/  /).  Tbe  inferior  cava  is  at  lint  small  (1.  V  c):  it  divides  at 
the  pelvic  inlet,  and  passes  over  on  each  side  to  the  point  of  division  of 
the  citrdinal  veins.  In  addition.  Uicre  exists  a  transverse  ascending  anas' 
tomosinR  biTinch  between  the  riKht  and  left  airdinal  veins,  Par  tbe  cstabKah- 
ment  of  ibc  dottnitivc  condition,  the  inferior  cava  dilates  (II.  Ci),  and  with  it. 
downward,  the  hypogastric  aud  cMtmal  iliac  o"  each  side  The  rijfM  cardinal 
vein  is  rcpUiccd  by  the  small  vena  aj;yin«  lAi).  and  on  the  left  side  up  l'*  the  trans- 
verw  anaal'*"''''"'^  >.rnnoh  in  an  Analngoui  manner  the  vena  herniary gns  (Ws' 
On  the  oth'-*  ui>p<-'r  piwlion  alwvc  the  iinastomoKini;  bmoch  up  the  Irfl 

dttct  of  CuviL  5      IIh  sitr  .'if  entrzuice  of  llie  vena  maifna  cordis  is  the 

remaiDl^^^fefilF.  Finally,  the  cumbiced   venous  trunk  is  »u 

I't  that  Ilie  two  cava  acquire  indtTcndenl 
■    nidinierttHfy    venous  lysl^m   in  the 
in  Ssliei  (K14:    ;*,  /^  ,    ^ 

-;;)-'^nf    and  the  Dewu^m""  "1  '"• 
Veins  (i>iH,tfM,l  ■  ' 'W 

':t!trv  heart  (Pig 
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The  right  of  these,  however,  soon  atrophies.  As  soon  as  the  allantois  is  formed, 
both  allantoic  or  umbilical  veins  unite  to  form  the  trunciis  venosus  (i,  m  m,). 
At  first  the  omphalomesenteric  veins  are  larger  than  the  umbihcal  veins:  later, 
the  conditions  are  reversed,  and  also  the  right  umbilical  vein  atrophies.  As  soon 
as  the  veins  of  the  trunk  itself  are  formed,  the  inferior  cava  also  empties  into 
the  tnincus  venosus  (j,C»).  Gradually  the  umbilical  vein  becomes  the  chief 
path  (j,  M[),  to  which  the  small  omphalomesenteric  vein  (z,  otti,)  sends  but  little 
blood. 

The  umbilical  and  omphalomesenteric  veins  pass  in  part  directly  beneath 
the  liver  to  the  heart;  in  part,  however,  they  send  also  branches,  carrying  arterial 
blood,  into  the  liver,  which  grows  around  the  vessels  from  above — the  vense 
advehentes  (2  and  3,  a).     The  blood  from  the  latter  passes  back  through  other 


om 


Fjc.  j87.-  -Dcvelo^eni  of  Ihe  Veins  of  I  hi  Firji  and  the  Second  Circulation,  andof  Ihe  Portal  Sjstem:  H.hnn; 
R,  right,  L  left  side  of  the  body;  em,  right  omphalomgienteric  vdo,  OBii,  left  omjAaloineKnleric  vein:  «, 
right  umbilical  vdn;  ■,.  left  umbilical  vein;  Ct,  inferior  vena  cava;  a,  vcme  advehenlei;  r,  vens  reve- 
henles;   D.  intalioe:  n.  mesenteric  vein;   4/,  apletuc  vein;  3  J,  Uvcr.     (Diagiammatic.) 

veins  (venae  revehentes.  a  and  3,  r),  which  again  unite  with  the  main  trunk  of 
the  umbilical  veins  at  the  blunt  border  of  the  liver.  In  the  liver,  the  umbilical 
vein  (3,  II,)  anastomoses  with  the  omphalomesenteric  vein  {3,  om,). 

With  the  development  of  the  bowel  (3,  D  )  the  mesenteric  vein  (im)  empties 
into  the  omphalomesenteric;  as  docs  also  the  splenic  vein  (4.  /)  with  the  develop- 
ment of  the  spleen.  When,  later,  the  omphalomesenteric  vein  atrophies  (4,  o»«,), 
the  mesenteric  vein  is  the  sole  trunk  of  these  previously  united  vessels.  It  is, 
therefore,  the  vein  that  unites  with  the  umbilical  vein  in  the  liver,  and  it  thus 
represents  the  trunk  of  the  portal  vein.  When,  finally,  at  birth  the  umbilical 
vein  atrophies  (4.  «i).  the  mesenteric  vein  alone  remains  as  the  portal  vein.  This 
must,  however,  send  all  its  blood  through  the  liver,  as  the  ductus  venosus  of 
Arantius  (4.  D  a)  becomes  obliterated.  In  this  way  the  portal  circulation  is  com- 
pleted. 


DEVELOPBCENT  OF  THE  ALIMENTARY  CANAL. 

The  prireiitive  intestine  is  originally  a  straight  tube,  passing  from  the  cranial 
to  the  caudal  extremity.     The  omphalomesenteric  duct  is  inserted  at  a  point 
that  corresponds  later  to  the  lower  part  of  the  ileum.     Here  the  tube  in  the  fourth 
vtreek  makes  a  slight  bend  toward  the  navel  (Fig.  388.  /).     It  has  already  been 
pointed   out  that  the  duct  later  is  obliterated  (intestinal  navel)    and  is  finally 
detached  as  a  thread  from  the  intestinal  tube;    it  is  still  discernible  in  the  third 
nionth.      In  rare  cases  a  short  blind  tube  joined  to  the  bowel  persists  as  a  vestige 
of  the  incompletely  obliterated  duct.     This  is  the  so-called  true  intestinal  diver- 
ticulum:    occasionally  a  cord  (the  obliterated  omphalomesenteric  vessels)  passes 
from  it  to  the  navel;    in  rare  cases  the  duct  may  remain  open  through  the  navel 
even  after    birth,  so  that  a  congenital  fistula  of  the  ileum  results;    or  finally  the 
divertiQuitim    may  be  the  seat  of  cyst-formation.     In  human  embryos  four  weeks 
old.  His    was    able  to  differentiate  the  mouth,  the  pharynx,  the  esophagus,  the 
stonUc^,     -tine    duodenum,  the  mesenteric  intestine,  the  end-gut  and  the  cloaca. 

63 


994 


DBVELOPMEST   OP  THE   AUUBNTARV  CANAL. 


At  a  Utcr  period  the  bowel  form^the  firet  loop  (Fiit  38*.  If}.  brinK  routed  aa 
itacH  .It  the  sittiation  of  iht  intcsiinal  umbilicus,  so  that  thr  Imxct  pcftitm  of  the 
bowct  lying  next  to  th*;  kfH-t-shapod  flexure  is  lumed  upward,  and  the  iiiT^r 
portion  is  turned  downwiu^.     Procn  tbc  lower  limb  vt  llus  luop  tbcrr  gron'  tbe 
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cndrlc  iluci;  (,  uaiall  inleuliwi  c.  uilon; 
t.iKlum.    (Duttamnuur.) 
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coil»  of  snuiM  iiiirHttTu-,  constantly  incirasing  in  !enj[th  (///.  r)  Prum  the  ufiieT 
limb,  which  incre-.-ues  in  Iftivth.  the  Xargs  intrstmc  is  farmed  in  imch  a  numi-rr 
that  iirst  the  descending  colon,  then  by  elongatioo  tbc  tran«»r-crsc  colon,  vid 
finallv  also  the  ascending  colon  results 

'The  intc«linal  canal  uives  rise  through  cvagination  to  x-arious  {•lands.    This 
prooMC  is  participated  in  ny  the  cell*  of  the  hypoMast,  which  become  the  necnMiry 

cells    of   the    glands,  as 
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well  as  the  Kptanclitto- 
pletire.  which  supplin 
the  'Itmiting  mcfDnnuie 
of  I  he  glands.  Thc*c 
diverticula  arv  in  order: 
<i)  The  lalivury  glaniit, 
which  at  first  are  »olid. 
but  soon  devc lop  f roitn 
the  oral  cavity  as  intn- 
ralely  ramifying  gUniln- 
liirtwdies.  (i)  TbvlMngt, 
which  develop  as  iww 
M;i>arHtr'  hollow  vrsicica 
(Fig-  i»Q.  A.  I),  which 
subMi^uenLlv  take  their 
origin  froiij  a  common 
tubular  evaginaiion  •)/ 
the  cKvpha^tua-  The  u|>- 
per  portion  otf  the  united 
traioieal  lubr  liecomc* 
the  larynx  Thr  rpi. 
gldtii*  and  the  th\r  h- 


cartiUgc 
from  the  ri' 
tongue.  Thr  1 
grow   accord  1 

lynr     o(     a 
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vclopment  then;  ■ 
brorohi  and  thai 
ImmUo,  however,  do  »m 


.illU-iJ    ■T 
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the  mciOKastrium  in  the  Kcnnd  month:  the  lalt«r  arc  at  firrt  Urgcr  thAti  the  kid- 
neys (.il  The  fancrcai  dpvclopti  in  xhu  same  w»j-  ax  the  aalivar\'  j;iand*.  and 
rtfininally  in  two  rudimemarv  parts,  n  dorsal  nnd  n  vcnlml,  II'  is.  howfViT. 
not  y«.'l  indicated  in  the  fourth  week  (4)  The  iiwr  appears  early,  beginning  as 
an  fiva^natioii  by  meonic  of  two  hollovr,  primitive  ducts,  which  break  up  to  form 
the  biliary  passages.  At  their  [icriiihery  tht-y  exhibit  wilid  cellular  maueii,  the 
liveixreUs.  which  thus  also  arc  derived  irom  the  hypublast.  As  early  .-is  the  second 
month  tlie  Itver  is  lar^e;  it  aciTOies  as  early  as  ihc  third  month.  According 
to  KuplTcr  a  single  Un^c  jflaiul,  whii^h  in  lower  aniinalB  exiunOa  IhnniKhoul  the 
length  of  the  uiid-bowc],  corresponds  l*>  the  liver,  itplcen  and  piincrcos.  Frcrm 
this  the  three  organs  arc  subsequently  differentiated  (<;)  In  birds  two 
smiill  *.ic*  an.'  formed  from  the  hind-jfiil  (6)  The  fotal  respirator)'  organ,  the 
HlUntois.  ha<  .tln-ady  Iwen  considered  (p.  974)  The  inner  surfaL-e  of^  the  ca-lotn, 
the  siirlace  of  the  IkiwpI  and  (if  the  nu-Kentcry  liectnne  covereil  with  a  mrfntR  mem- 
brane, the  peritoneum.  This  micIobcs  the  bowel,  which  for  a  time  remains  simple. 
in  a  dupliciitiire  or  fold.  On  the  stom*ch.  which,  at  limt.  occupies  a  vertical 
position  as  a  spin  die- shaped  dilntatiun  nf  the  dixeMivc  tract,  this  fold  is  known 
na  the  moaDgastrium.  Subsciiucntly  Ihc  stnuinch  comes  to  lie  upon  it«  side,  and 
in  icuch  A  way  that  the  left  iLSDCct  becomes  the  anterior,  the  right  the  posterior. 
In  this  way.  the  in.->erlion  of  the  mc»ogastrium.  which  at  first  was  directed  pos- 
torii>rly,  townrd  the  vertebral  culuran.  becomes  directed  toward  the  left.  The 
line  01  insertion  is  formed  by  the  region  of  the  greaUT  curvature,  which  subsi-- 
Huenity  becomes  more  markedly  curvorl.  From  the  greater  cur\-atun?,  the  nieso- 
gostritim  iK^iroltmsed  as  a  pouch -shaped  appendage  (Fijj.  3')C.  J  and  U.si) ,  the  omen- 
tal bursa,  srt  far  <iownwanl  as  to  cxtriul  over  the  transverse  c<'l'in  ;md  the  coils  of 
small  intestine  III.  N)  As  the  mesoKnstriiini  consisted  originally  of  two  layers, 
the  diiplicatnre  formed  from  it.  thu  trmental  bursa,  must  consist  of  four  layers. 
In  the  fourth  month  the  posterior  surface  of  the  omental  bui^a  beeomes  adherent 
to  the  surface  of  the  tran3%'cnH:  colon. 


DEVELOPMENT  OF  THE   URIKARY  AND  SEXUAL  ORGAHS. 

Urinary  ^HfiUa. — ^Thc  urine-forming  i-land  oriKiuates  devc  lop  men  tally  from 
three  organs,  which  succeed  one  another  m  function  (i)  The  r^idimenlaiy  kid- 
ney (pronephros),  (s)  The  primitive  kidney  ^mcsonephrM),  (j)  Dehnitive 
kidney  (melanephros). 

I.  The  rudimentary'  kidney  is  in  the  anmioia  (and  salachianii)  only  a  rudi- 
mentary cmbrj-iMial organ ;  in  the  remaining  vertebrates,  it  still  exhibits  some 
functional  activity  in  the  cmbrvnnal  or  larval  period:  it  is  here  the  provisional 
Mnbryonal  kidney  (as  the  Wolrlian  body  is  for  the  araniola)  In  hiiny  tish 
cantds  can  be  diUerentiated  that  bi-gin  anteriorly  wiUiin  the  abdinninal  cavity 
by  means  of  funndahaiKd  openines  and  unite  to  form  a  common  excretory  duct 
tliat  empties  into  the  cloacn.  In  in>nt  of  the  funnels  lies  tlit  glomerulus,  whooc 
secretion  is  carried  outward  in  the  canals. 

1.  In  the  amniota  the  primitive  kidney  (mejEonephros)  is  the  fetal  urinifcroua 
organ,  from  thin  there  ari&es  ai  the  lirsi  fomtation.  in  the  chiek  on  the  second 
day.  In  rabbits  on  the  ninth  dav.  the  duct  of  the  primitive  kidney  or  WoHliaii 
duct  (Fig.  it)3.  !,  IV).  which  is  formed  from  cells  of  the  eclodenii  and  at  first  is 
solid,  to  the  sidn  of  a.nJ  .somewhat  behind  the  primitive  vertebra:  and  extending 
from  the  fifth  to  the  lasl  primitive  venebrjc  Seated  within  this  duct,  there  arise 
in  the  ineaoblast  from  the  level  of  the  liv^rr  dcwnward  a  aerii-a  of  tullllU■-^.  which 
in  the  chick  ar«  belieeed  at  first  to  open  free  at  their  other  extremities  into  the 
peritoneal  cavjiv,  and  which  become  transformed  into  structures  similar  to  the 
glomerulus  of  tnc  kidney  by  the  mgrowth  of  vafuulnr  convolutions  into  their 
extremities  The  tvibuk-s  elongate,  become  twisted  into  convolutions,  and  increase 
W  the  addition  of  newly  formed  communicating  accessory  t«tu.-!c,  'ITie  caudal 
eitremily  of  the  Wollha'n  duct  is*  at  lii^it  cloied.  iLi  itiwer  extnrmilv.  which  lies 
in  a  fold  projecting  inlu  ihe  alxlominal  cavily  (plica  urogenitalis),  opens  <in  the 
rabbit  on  the  eleventh  day)  into  the  urogenital  sinus.  In  the  anainnia  the 
primitive  kidney  i»  the  permanent  uriniicrous  gland. 

y  Just  above  the  outlet  of  the  Wolllian  duct  the  dcAnitivc  kidney  (meta- 
ncphros)  arises  in  an  upward  direction  as  the  renal  duct.  The  elongated  <luct 
divides  at  its  upper  extremity  like  a  shrub.  These  accessory  branches  finally 
form  convoluliona.  Each  canal  at  it*  extremity  assumes  the  form  of  a  pedun- 
culated hollow  rubljer-ball.  with  a  cup-shaped  ilepn-ction .  into  which  the  vascular 
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convolution  formed  independently  penetrates,  and  here  it  becomes  closely 
surrounded.  The  duct  of  the  kidney  later  empties  separately  into  the  urogenital 
sinus,  and  becomes  the  ureter.  The  point  where  the.branching  begins  becomes 
the  site  of  the  pelvis  of  the  kidney:  the  branches  themselves  become  the  urinary- 
tubules.  Toldt  found  as  early  as  the  second  month  complete  Malpighian  bodies 
in  the  human  kidney;  in  the  fourth  month  Hcnle's  loops.  The  urinarj-  blad- 
der arises  in  its  first  indication  as  early  as  the  fourth  week,  becoming  more 
distinct  in  the  second  month  from  the  first  portion  of  the  allantois  (Fig.  192. 
4.  a).  The  upper  portion  passes  over  into  the  middle  ligament  of  the  bladder 
as  the  obliterated  urachus,  which  often  remains  permeable  for  a  short  distance 
beyond  the  bladder;  although  even  in  adults  there  often  persist,  in  the  lower 
third  of  the  urachus,  unoblitcrated  portions,  which  may  give  rise  to  cyst-forma- 
tion. 

According  to  Keibel,  the  development  of  the  bladder  takes  place  in  such  a 
manner  that    the  common  cloaca!  space  is   divided  by  two  lateral  folds  into  an 

anterior  (the  rudimentan." 
urinary  bladder)  and  a  poste- 
rior space  (rectum).  Con- 
genital communications  be- 
tween the  bladder  and  the 
rectum    are    thus    easily    ex- 

Iilained  as  develcnmient^  de- 
ects.  Congenital  fissure  of 
the  abdominal  wall  and  the 
bladder  results  from  persistent 
patnlou.sness  of  the  blastopori'. 
Internal  Organs  of  Gener- 
ation.— In  front,  and  internally 
to,  the  Wolliian  bodies  thtre 
develops  in  the  mesoblast  the 
longitudinal,  projecting  sexual 
gland  (Fig-  393,  /.  D).  which 
originally  is  the  same  in  both 
se.\os  (hermaphroditic  stage) 
In  addition,  there  forms  parallel 
to  the  Wolliian  duct  [iV)  a 
canal,  which  empties  down- 
ward likewise  into  the  ur-iijen- 
iial  sinus,  the  duct  of  MulKr 
or  llu'  sexual  duct  {.\f<.  The 
Sf.Mial  gland  appears  lirst  as  a 
li'nHitudinal  protuberance,  ar.d 
is  covered  with  the  high  epi- 
ihvliura  of  the  mesoblast,  the 
germinal  epithelium  of  Wal- 
deyer.  The  duct  of  Muller 
(which  is  not  vet  present  at 
the  fourth  weekl  ap[>ears  at 
first  as  a  linear  furrow  m  the 
Rerminal  epithelium,  which 
then  l>ecomi-s  deeper  and  ci'n- 
stricts  itseif  iff  to  a  cord  that 
is  at  first  solid,  but  later  K- 
comes  hollow.  The  upjier  out- 
let of  the  duct  opens  free  into 
the  abdominal  cavity;  the  !"Wfr  exiri'inilii-s  ■■!  both  ducts  fuse  for  a  short  dis- 
tance In  tile  cvniuti'm  "f  the  feuKile  m'\,  ova  ilL-Vthip  in  ihe  germinal 
epithelium,  and  sink  inrn  "|ii'ii  tubular  Ir.rtnatioiis  of  the  ov3r\'  lin  man  u[>  to 
the  time  of  birthV  In  the  iViii.'ili-  tbi  lini't  'if  Mviller  becomes  the  oviduct  ill. 
T)  and  the  lower  fu-ed   i-xtreniHie-   of   b.'th.  the  uleriis  (/'>. 

In   the   male   sex   the    eLr1nn1.1l   eiiithel^niii   i-   lower  (ahhough   at   first    it  st:ll 

exhibits  nidinientary  ova*.       .\cc'>nlini;  t'>  W.iMever.  of  the   two  kinds  of  tubules 

that  can  be  'bstingLiished   in    the   \V'iI::,an    ii-ily,  ihe   smaller  penetrate   the   mdi- 

"nentary    sexual    gland  (si.'\u:il  iJ"nii>n    .if   the    Wnliiian    liodv),     Thesi'    tutiules, 

llich   communicate    with    the  \V.>l:i^;yn   lUu  '  ,   become    the    seminifeDus    tubules. 


Ftc.  ^<Hr — T^Jai^c^s^'  Jk'ciinn  ihjounh  The  Frimiliic  Kidney,  ihc 
Rudjmenury  lIucT  til  Muller,  and  Lhe  ^luid  Giand  iri  a  r.'hiif^ 
at  ihc  Fourth  Day  [aflcr  V\'aldi-yer):  pnlargnl  i6o  lin'rs:  m, 
mescnlory;  L.  abdominal  wall;  a',  ihc  reflicn  oi  The  Rcmiin^i! 
ciHlhclium  fnjm  uhicb  ihc  anli-riur  exlrcmily  of  Tht  dud  of 
Muller  (r)  hjs  lEivagLnalfd  itself:  a.  ihiclinied  laver  nf  ihe 
terminal  epilhelium,  in  «hith  ihe  primary  Ktrm-tplls  ill  nriil 
ol  he,  K  mcvnthyma,  fiYim  nhi4.h  ihc  stroma  ol  the  ^iu.il 
flhinif  \^  formed:  \\'Jv.  primitixt  kidney;  y.  duel  vi  ihi'  prin-j- 
Live  kidnvv. 
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and  the  Wolffian  duct  in  man  becomes  the  vas  deferens  (///,  V^,  together  with 
the  seminal  vesicle.  According  to  Semoff,  Bomhaupt,  Egli  and  Biegelow,  autoch- 
thonous strands  of  cells  develop  within  the  sexual  gland  of  man  and  these  are 
transformed  into  the  seminal  ducts,  and  later  communicate  with  the  WolfSan 
ducts. 

The  Mullerian  ducts  (the  true  excretory  ducts  of  the  sexual  glands)  undergo 
atrophy  in  man,  with  the  exception  of  the  lowermost  portion,  which  becomes 
the  masculine  utricle  or  the  prostatic  vesicle  (///,  u);  this  is  the  analogue  of  the 
uterus.  In  camivora  and  ruminants  the  Mullerian  ducts  attain  a  greater  size, 
to  form  a  rudimentary  vagina  and  a  uterus  bicomis;  in  rare  cases  a  true,  small 
uterus  has  also  been  found  in  man.  The  upper  tubules  of  the  Woiiiian  bod)^ 
unite  in  the  third  month  with  the  sexual  gland,  and  become  the  coni  vasculosi 
of  the  epididymis,  which  is  furnished  with  ciliated  epithelium  (E) ;  the  remaining 
portion  of  the  primitive  kidney  undergoes  atrophy.  A  number  of  detached 
tubules  become  the  vasa  aberrantia  (a)  of  the  testicle.  The  pedimuculated 
hydatid  of  Morgagni  (h)  at  the  head  of  the  epididymis  is,  according  to  v.  Luschka, 
Becker,  and  M.  Roth,  a  constricted-off  vesicle  of  the  epididymis,  occasionally 
containing  semen  and  lined  bv  ciliated  epithelium;  according  to  Waldeyer  it  is 
the  homologue  of  the  infundibuliform  portion  of  the  oviduct,  while  according  to 
Toldt  it  is  derived  from  the  abdomin^  extremity  of  the  duct  of  Miiller.     The 


Fig.  393- — Dtvdopmdil  of  the  Internal  Orgdos  of  Grncnilion.  /,  UndiflMen listed  stage:  D,  seiual  gluid 
lying  upon  the  tubules  of  the  Wolffian  body.  W,  Wolffian  duel:  M.  duct  of  Miiller;  J,  urogenital  liDiii.  //, 
Transionnation  inio  [he  Female  typt:  F,  fimbria  niih  the  hydatid  (A');   T,  oviduct;  U,  tilenis;  S,  urogeniwi 


(Diagi^mraalic) 


organ  of  Giraldfes  (convoluted  tubules  with  ciliated  epithelium)  at  the  upper 
extremity  of  the  testicle  is  probably  also  a  vestige  of  the  Wolffian  body.  The 
Wolffian  duct  itself  becomes  the  vas  deferens  (V),  together  with  the  seminal 
vesicle  (as  an  outgrowth).  The  two  Wolffian  and  the  two  Miillerian  ducts  lie 
close  together  at  the  pelvic  inlet  in  a  cord  (genital  cord).  Later,  when  the  Mul- 
lerian ducts  have  undergone  atrophy,  the  seminal  ducts  formed  from  the  Wolffian 
ducts  become  more  widely  separated. 

In  the  female  sex,  the  tubules  of  the  primitive  kidney,  with  the  exception 
of  a  vestige  within  ciliated  tubes  (parovarium  or  Rosenmuller's  organ)  and  a  portion 
in  the  broad  ligament  resembling  the  organ  of  Giraldfes,  undergo  atrophy  {II,  P); 
as  do  also  the  Wolffian  ducts;  although  they  are  still  visible  in  fetuses  of  five 
months,  but  downward  only  as  far  as  the  re^on  of  the  vaginal  vault;  below 
this  and  toward  the  urethral  orifice  they  disappear  completely.  Diminutive 
vestiges  of  the  ducts  are  often  found  anteriorly  and  laterally  embedded  in  the 
uterine  and  vaginal  muscularis,  chiefly  on  the  right.  They  persist  permanently 
in  ruminants,  the  horse,  the  pig,  the  cat,  the  fox,  as  Gartner's  ducts;  in  man 
they  may  give  rise  to  pathological  cyst- formation.     The  Mullerian  ducts  become 


998 


OSVELOPHBNT   OP  TaC    CRINAKT   AXO  5BXUAL  ORGAXS. 


frr-:^  it  thrir  nppFT  opeTiing  to  form  the  ftmlwiaf  <F).  Qpon  whi'-H  >iff'-n  »  hydatid 
i'.  'ii'}.     Acccifding  u>  Thirrsch  and  L«uck»n  the  tw<<  .i>d  Uir 

tv.  :in  ducts  be  Kwetber  bchiw  in  The  g<.-nit;tl  ilrxnd       >  >iuOeiiao 

ducU  now  iinitr  at  their  Wiwer  cxtrmtilirs  (rnd  <if  (fir  second  numlhi  and  fom 
in  their  comlniM-d  lumen  ihc  vseina  and  the  uterus  (t'l,  white  the  tipper.  J(W 
porti'm  u(  each  Ixxnnnca  tlic  uvidui-t  <7').  It  is  thun  citur  that  the  ocndttiun  of 
double  utcru9  and  vajcina  i»  due  to  u  dcvt:]<.^pnH:nt^  dcf<rct.rcn]ltu>icfrotaa  failoiv 
in  union.  Thi-  vaj^inii  in  onj^inall)'  closed  hv  •.-pilhrliuin,  arrr*l  oi  d*-wiof-ti*ait 
may  rt'fult  in  .itrrsia  of  tbp  va^na  The  ^^lllk'^a^  ducts  empty  orifrinaUr  into 
the  I'jiwt-Tmoii.  po«erior  portion  of  the  urinary  bladder,  below  the  iiret*-r»^-tm*- 
|;cnitul  Kinus  (,S1 :  lati--r  this  portion  of  the  UaddiT  liccontvs  rUmKaird  yaUmr^y 
m  such  a  manner  that  thr  vaifinn  (the  united  Mullman  ducts)  2nd  tbc  nnrthn 
•re  united  only  at  a  puint  deep  down  in  the  vi-stibule  of  the  VB^na. 

The  vai^ina  and  the  utenu  arc  f\nl  diMinctly  lepamted  mm  each  othrt  in 
the  fourth  motith.  Wlween  the  fifth  and  itixlh  immlhs  the  uteni*  lieroaics  cbaive- 
tcrisiically  difTercntiaicd.     Tbc  hymen  is  fonncd  in  the  fifth  monib. 

■ph,-   ..,-•  ,  r..  ij^j,  (,rii(inaily  in  the  inguinal  rejj'ion  of  tbc  »(■-'■ -    'Pil    JW. 

V,  t).  v  a  fold  of  peritoneum  (tnvsorchium.  m).     Vr-  -  of  tb* 

tcitiel'-  '       '  '^•'P  throuj;h  the  inffumal  canal  to  the  hajw  of  th'  .accord- 

ing to  C  Weil,  rmly  to  the  root  oi  the  pimis)  n  cord,  the  Ruhemacuium  «  Hunter. 
At  thi-  liainc  time  there  is  fomicd  inckpendently  from  ine  |H.-nirfnt-uui.  a  sbeaih- 


IF. 


K 


Fw.  Mj.— DnckipoMBl  «1  Ik  Exlannl  Ganlttbt.  t  ind  //,■  Uenlul  rvumtc:  >.  ■rn'u'  <*v*c.  1.  (noyii 
tr.  (Ultrmwt  «4rfBl»iM.  IV.  /*,  wnit.  R,  njih^af  Ov  i>-ni>,  A,  xnidm.  JIf  i.ilihjm,  I.  ithm  naioi  1 
/..lahbinalon;  «.  iniu     I'  imi  Vf:  I^nciwoJ  ihc  intlili.-.  i  lailrk.  M.nmiinkMiD:  fv.ngimJ  |(an« 

like  piTtccss  extending  down  to  the  bas«  of  the  semtuni  (J>v).  Arrested  dvwtop- 
ment  or  atrophy  of  tne  f^ubemaculum  of  Hunter  causes  the  testicle  to  be  draws 
down  ihrmiKli  the  fn);t>iiutl  canal  into  the  Kcrotum.  In  itx  juuuuiiiv  the  tc«tic1e 
takes  with  il  from  the  supcrtscial  ifT  tramnvrrw  nhdominal  fascia  the  titnics  vmcin- 
alis  conmiunis  as  a  covering;  and  with  ii  the  muscular  tibcrs  carried  down 
from  the  oHCfiiding  and  iraji.KVi-ne  oblique  form  the  cremoater  muscle.  The 
peritoneal  covering  of  the  lenticlr  lucmnc.i  the  dmiblc  «ic  uf  the  tunics  vnginalit 
propria;  the  vaginal  process  of  the  pcriloneum  is  obliterated  as  a  rulr.  nnd  Icavea 
irregular  vestiges  as  the  vaginal  ligament  If  thi*  vaginal  prnccss.  ccminunicatini; 
with  the  peritoneal  cavity,  remains  palulou*.  a  pas^anc  is  afforded  fiw  the  develop- 
ment lit  a  n^mgeniial  external  ingiiiniil  hernia. 

The  ovaries  aim  pass  Bnmewhui  don-nward.  A  strand  similar  to  tbe  jiuhrr- 
naculumofHtinier,  passing  through  the  inguinal  canal,  later  liecomes  iheniuscnlar 
round  Ii([ament  of  the  ulcrtu  Atnit  in  nomcri  the  |irrtt'ii>runi  wndit  a  vaginal 
process  through  the  ingiiinnl  cannl  (canal  of  Nuck)  Rarely  even  the  o^nrira 
descend  into  the  labia  majora,  while,  conversely,  a  rcicniion  of  the  testicles  in 
the  abdominal  cavity  (cryriHirchium)  must  be  lin>l<cd  up'm  as  an  anvKt  o(  develop- 
ment. 

T*if  external  geniulU  arc  at  firfl  not  to  be  differentiated  in  the  two  tcXea 
1 1  ''Hirth  w«>k  there  is  a  single  orifice  at  the  caudal  eKtnrmity, 

'  me  time  the  anui:  and  tlw.-  opening  of  the  iirachut,  thus  a 

ciiL:"''  't-iL'  •iv  (,  K).  In  the  Kixlh  week  an  elevation  n[iT)ear«  in  (rotn  of  thr 
C  ^       19JI,  I.  h),  the  geiiitnl  eminence,  then  laterally  from  the  npemnc 
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on  either  side  a  large  cutaneous  elevation  (//.  w).  At  the  end  of  the  third  month 
there  passes  on  the  under  surface  of  the  genital  eminence  to  the  cloaca  a  groove, 
on  whose  two  sides  distinct  folds  appear  (//,  r).  In  the  middle  of  the  third  month 
the  cloacal  orifice  becomes  divided,  prolongations  from  above  and  from  each 
side  insinuating  themselves  as  the  perineum  (m)  between  the  urachus,  which  has 
now  become  the  bladder  (Fig.  392,  5,  b),  and  the  rectum  (A/), 

In  the  male  (/V)  the  genital  eminence  now  becomes  large,  and  its  groove  closes 
from  the  orifice  of  the  bladder  (the  urachal  orifice  of  the  former  cloaca)  to  the 
apex  of  the  eminence  in  the  tenth  week.  The  entrance  to  the  bladder  is  thus 
displaced  to  the  apex  of  the  genital  eminence.  Should  this  closure  fail  to  take 
place,  either  wholly  or  in  part,  there  occurs  the  arrest  of  development  known  as 
nypospadias.  In  the  fourth  month  the  glans  is  formed,  in  the  sixth  month  the 
prepuce;  both  are  at  first  adherent.  The  cutaneous  folds  that  unite  in  the  raphe 
form  the  scrotum. 

In  the  female  {///)  the  undifferentiated  condition  of  the  original  rudimentar>- 
sexual  organs  remains,  to  a  certain  degree,  permanent;  the  small  genital  eminence 
becomes  the  clitoris,  the  genital  folds  the  nymphas;  the  cutaneous  folds  remain 
separate  as  the  labia  majora.  The  urogenital  sinus  remains  short,  as  it  was, 
and  it  becomes  the  vestibule  of  the  vagina;  while  in  the  male,  through  closure 
of  the  genital  groove,  a  long  additional  canal  is  formed. 

HermaprodiBm. — In  rare  cases  the  external  genitalia  persist  in  their  original 
undifferentiated  rudimentary  stage  (somewhat  as  is  shown  in  Fig.  393,  11),  con- 
stituting an  arrest  of  development.  Under  such  circumstances  an  external 
determination  of  sex  is  impo.ssible  (pseudohermaphrodism).  In  isolated  cases 
there  occurs  the  development  on  one  side  of  male,  and  on  the  other  side  of  female 
internal  organs  of  generation;  the  external  genitalia  are  then  not  typically  de- 
veloped. Such  cases  are  designated  true  lateral  hermaphrodism.  The  condition 
is  not  rare  in  swine,  goats  and  beeves,  but  it  has  probably  never  been  established 
in  man  beyond  all  doubt. 

The  cause  of  sexual  dcTelopmeat  in  one  or  the  other  direction  has  not,  as  yet, 
been  determined  with  certainty.  From  statistical  data  (80,000  cases)  the  influence 
of  the  age  of  the  parents  has  been  established.  If  the  husband  is  younger  than 
the  wife,  boys  and  girls  will  be  produced  in  equal  number.  If  both  parents  are 
of  the  same  age,  there  will  lojQboysand  1000  girls;  if  the  husband  is  older,  as  many 
as  1057  boys  to  1000  girls.  The  general  application  of  this  law  is  contested  by 
some.  Nutrition,  further,  appears  to  have  some  influence.  Fetuses  with  ad- 
herent placentas  that  communicate  through  the  fetal  vessels  are  always  of  the 
same  sex.  Acardiac  twins  that  receive  blood  that  has  already  nourished  the 
normal  twin  are  always  of  the  same  sex  as  the  well-developed  twin.  These 
facts  find  explanation  in  the  remarkable  observations  upon  armadillos.  In 
these  mammals,  the  numerous  young  of  the  same  brood,  all  of  which  develop 
normally  within  the  same  chorion,  are  always  of  the  same  sex.  In  insects  the 
nutrition  plays  an  important  r61e.  the  best -nourished  brood  forming  females  in 
preponderant  degree.  In  man,  impaired  nutrition  of  the  mother  leads  to  the 
expectation  of  male  children.  It  has,  further,  been  maintained  that  more  male 
progeny  result  when  greater  demands  are  made  upon  the  father,  also  when  im- 
pregnation of  the  wife  occurs  late,  and  finally  when  the  father  is  very  young 
or  very  old  (when  the  father  has  reached  middle  age,  more  girls  are  bom).  Ac- 
cording to  Dusing,  in  general  the  impregnation  of  a  young  ovum  with  an  old 
spermatozoid.  when  the  mother  is  well  nourished,  more  frequentlv  results  in  female 
progenv.  and  conversely  the  impregnation  of  an  old  ovum  with  a  young  sper- 
matozo'id.especially  when  the  nutrition  of  the  mother  is  somewhat  imp'aired.  more 
frequently  results  in  male  children.  Thury  believed  that  animals  (cows)  that 
are  co\-ercd  shortly  after  heat  more  frequently  bear  female  offsprmg.  Fiirst 
hc;lieves  the  opposite  is  the  rule  for  man.  Piquet  maintained  that  female  calves 
can  be  produced  if  the  cow  is  poorly  nourished  while  the  bull  is  well  nourished 
for  weeks  before  intercourse.  Other  investigators  have  come  to  the  conclusion  that 
the  sex  is  unalterably  established  already  at  the  time  of  conception.  Also  Pfltiger's 
investigations  have  shown  that  all  external  influences  (in  frogs)  during  develop- 
ment are  without  effect  upon  the  development  of  the  sex,  that  the  latter,  there- 
fore, is  definitely  established  before  impregnation.  Hermaphrodites  are  common 
among  tadpoles,  later  becoming  males  or  females. 
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l-]ioii  i-;ich  side  of  the  foro-brain  vfside,  prosencephalon,  which  is  covert-'l 
cxtiTiially  by  epiblast  and  inteniaily  by  ependynia,  there  p:x)ws  a  large  pc- 
liuncnbitt'ii  hulkiw  vesicle,  the  rudimentary  cerebral  hemisphere,  teii-nce])haion 
(the  foromnner  of  the  rhinencephalon.  pallium  and  coqius  striatum).  The 
relatively  iiarriiw  opening  in  the  pedicle  is  the  rudimentani'  foramen  of  Monro.  The 
small  middle  jiorlion  behind  the  two  hemispheres  is  the  interhrain,  dioncephali m 
(the  forerunner  of  the  thalamus.  (t*t'ether  with  the  metathalamus  and  the  epithal- 
anuisl.  The  interior  of  this  contains  the  third  ventricle,  which  about  the  second 
month  becumes  elonRnted  toward  the  base'  in  the  shape  of  a  funnel  as  the  tubtr 
eineri'uni,  with  the  infundibulum.  The  thalami.  developinE  on  each  side  from 
the  floor  of  the  interbrain.  reduce  the  foramen  of  Monro  to  a  semilunar  cleft. 

In  the  second  month  the  coq^ora  alliieantia  also  develop  at  the  base,  in  the 
thin!  month  the  chiasm;  the  commissures  are  formed  within  the  third  ventricie. 
in  the  third  month.  The  hypophysis,  belonging  to  the  mid-brain,  is  a  diverticulum 
of  the  pharyngeal  mucosa  through  the  base  of  the  cranium  toward  the  hullvw 
infundibuhim.  w-hicli  grows  lo  meet  it,  and  which  subsequently  become  constnctid 
off.  There  is  thus  an  eiTort  at  union  between  the  cavity  of  the  fore-gut  anil  the 
medullary  canal.  It  should,  further,  be  mentioned  here  that  in  the  amphii.'X;;-, 
thegoosi.',  some  parrots  and  the  lizard,  the  medullarj' canal  originally  cornmun;caii  > 
with  the  rudimentary  hind-giii  by  means  of  a  passage-way  (myeloenteric  cans' 
The  choroid  plexus,  which  grows  into  the  cavity  of  the  hemispheres  by  way  <■{ 
the  foramen  of  Monn>,  is  a  vascular  hyperplasia  of  the  ependyma.  In  the  fourth 
month  the  ci'r.artum  develops,  and  at  this  time  the  quadrigeminal  l-iid^es  are 
already  covered  by  the  hemispheres.  Within  the  cavity  of  the  her::!iipherf 
there  develops  in  ilie  si'cond  month  the  striate  bi:>dy,  in  the  fourth  nicr-ih  the 
I'oniu  Ammonis-  In  the  third  month  there  develops  the  fossa  of  Sylviiis.  at  ih.e 
bottom  of  which  the  insula  is  formed  as  a  part  of  the  ori.^inal  tn:rk  •  I  :he  fori'- 
brain  and  v>vcr  which,  at  the  end  of  itt.al  life,  the  oj-*reul',:m  rro'ee;*  Frc:n 
the  seventh  month  the  remaining  convolutions  of  the  Irain  art  :'.rn:i.d.  Med-.:i- 
latei!  lilvrs  ,irc  a!re,\dy  present  in  the  cortex  of  the  riewbom  in  the  civ.'.ra!  C'M;- 
volutions.  as  wcl'i  as  the  paracentral  lobule.  Finalh-.  :n  ;he  :h:rd  m- n;h  such 
libi't^  appe,ir  i;;  so:ne  rei;!ons  ol  the  frontal  av.d  parri:  .■-:(::■.;    r-il  '.."Li!! 

The  nr.d-'T.ii:''.  ves:e!i'.  nu-si' nee: 'h .lion  sr;:d::'.:i:;:  ■. :  :r.i  :u.i  irjir.i:::  j".  ":.:d:i> 
and  eerelir.ii  ;  .. d-.:';c'.is  beciimes  .gradually  c -Vir-..:  vy  ;ht  .,t  ■■.■.::  '  iekv.,-iri  .  f 
the  hem'.svhiT.s.  :;•;  c.iv.iy  1  >i. i- -tv-i-s  rt  hTc^^I  :  '.'::•.  .-.  r-.nv.-.c:  ;  :>>lv:-.:>  1'::i- 
siiriace  ■-'•'  t ".<-'  ^"l■>:^*.l^  :\' v^r^T'.ii.  ■*  dt\":kLt  .i  "'."."  I  *'."r  ■  ,ir".i?  .v.-,  -■,i."i..r'  j', ti"_t«,  l  '^i:!  ^ 
a  lo:ii:'t:v!i:%it  i;:\  .  ve  .;:  tv.ir;::^  ::;  :;:.  ;h:r  :  :-;  r:'::  ..-  :  ..  :r,.r:-vvr~  ,:r  vl  :r 
:lic  sovir.th  :".■.:■.:;■..      Ti'.i.-  viri.'..Tal  :  i:.!-.-.r:i-!i>  .-.ri   :  r^v..  :    r.  ::;-,  r.     r  .:•■  \'::- .'kc:- 

i^lj;^ '.     .  ......  :  ■     ■• 

r'.'.'tv.  '  i*.e  ■'.'.■'  '.-iT.i'T^,  "'.ett"fc*i'  I*.,"..  "".    r\M"'~v."  '     '  '".'.  '  ■".'^  .i'.\  z  ."■.rv'-.-.'.:rT 
•.ice:".;   ■.-.:'. >,"-  ■*<.:■.'  r::   r      t  *  :■■,   -v.,  ■;■,;... ,r'.    V'    ,  '  "■   '.      '  ■      . .;   ,■"".■.:-        .  "■.      ■  -. "  ■ 
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shnuld  be  k«xjt  in  mJiitl.  The  lACtile  ncrvcx  of  the  fetus  are  capable  of  executing 
rcficx  movement,  for  example  on  pressure  upon  the  piiljtaWt  teial  pan«.  Tlic 
first  indications  of  ilie  ntusdes  appear  upon  tlic  bock  in  the  scconil  month;  in 
the  iwurUi  month,  they  becQnic  wdjish.  The  finst  appreciablo  fetal  movements 
occur  about  the  mitidJe  of  pregnancy;  these  arc  reflex,  as  they  are  observed  alw* 
in  acvph&lmis  fetuses.  It  is  noteworthy  thftt,  in  the  early  periodK  of  develop- 
Rieat,  the  central   ner\*ou*  system  has"  no  functional   influence  tiT^nn   tht-  vitul 

Sroc«3iteji,  having  no  «.-nsory.  or  motor,  ot  iruphie  CniorphoBeneticj  function.  »s 
as  bc«n  demonstrated  by  the  extirp.it it m-exiipnninits  of  All.  Schapec. 

The  spiiial  sanglia  develop  from  a  special  hard,  situated  on  each  lide  of  the 
medullary  canal,  and  forming  the  direct  connixtion  between  this  and  the  epi- 
dermis. The  spiniil  jf.viKliu  un:  the  miclri  of  orititn  of  the  si-nsory  ncr^Ts, 
whence  a  communicanon  with  the  tpin&l  cord  is  established  and  the  peripbernl 
ner>'c-lruiika  grow  in  a  centrifugal  direction.     The  nerves  of  special  scnsv  also 
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Pm.  JM-— I'"^I"P<™^i  "'  "i^"  ^rf  ■  J<  la*  luulian  of  th*  Icniiculu  Mc  {£)  mto  lb*  nrimtfy  «p(k  «n>4l*  ll|): 
(.Eliilrm;  a ,  nir*alil«l ,  //,  [tic  innutlnjilcd  (rinuryolJlk  irjUlcitciial  fnon  brio*;  <i.  oiClcDcn*;  a  Ibc 
xulcr.  I  the  iniirr  ln>(i  t>l  Iho  tavaipnutal  nmilc:  L.  IcBi.  HI,  Ihc  uni<  luiivilion  in  loacilDitiiul  kcIiob; 
IV.  funlirr  ilcnluiiinciil;  c.  tumral  c|iiiticlluin.  t,  lunm;  tn,  u[>ulupur>lUkn'  [utmtmic;  L,  kn*-,  «, 
<ciunil  antry  «f  Ihc  nilno:  i.  idrrn:  ek.  chflmlil;  p.  |il|niEnt-*|illh''linin  nl  the  Mlna;  r,  rHlra;  V.  pn- 
ibiint  lo^ol  the  paxWarj  iBcmbraiir.     (DuitiininuiicO 
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grow  from  the  periphery  into  the  central  organ.  The  motor  nerve-roots  grow 
from  the  rudimcntiLry  K^^K^i^  i"  t**^  central  organ  (neiiro blasts)  into  the  r>efipher>-. 
At  first  the  nrrvcs  arc  non-mcdullatcd.  Human  embrj-oa  four  weeks  old  possess 
spinal  ganglia,  anterior  roots  and  in  part  the  trunks  of  the  Kpmal  nerves, 
whereas  the  posterior  roota  are  absent.  The  ganglia  of  the  fifth,  seventh,  eighth, 
ninth,  and  tenth  cranial  nerves,  and  in  part  their  origins,  are  present:  on  the 
other  hand.  His  failed  to  find  the  first,  second,  third,  and  twelfth  crania!  nerv-es. 
as  well  as  the  syrapatbctics-  FeHiscs  with  absence  of  the  spinal  c<>nl  shfiw  that 
the  uostcrior  roots  iircscnl  and  the  stnsor>'  nerves  originate  from  the  spinal 
Cuniilts.  tn  the  new-born  the  cranial  mutor  nerves  &nd  the  auditon-  arc  already 
pTOvicled  with  medullary  sheath^:  the  others  are  not.  Their  cn\"«lopment  prf>- 
greSMB  peripherally.  In  the  peripheral  npinul  nerves  the  (ormntiun  of  the  medul* 
huy  sheath  docs  not  take  plae«  ocfore  the  second  and  third  years. 

The  Kvmpathctic  ganglui  of  the  viscera  moke  their  way  'from   the  sytnpa- 
theticcordimo  the  organs, 

DEVELOPMENT  OF  THE  ORGANS  OF  SPECIAL  SENSE. 

E3re. — The  primarv  optic  vesicle  gro-vs  out  to  the  external  covering  of  the 
head  Cepihifist]  and  then  bccomeji  tnvuxinaled  into  itself  from  before  backward 
(as  has  been  seen  to  take  place  in  hiim.in  enibT>'os  finir  weeks  old),  so  thai  the 
pedunculated  vesicle  has  acquired  ihc  shape  of  an  e^-cup  (Pig-  J04.  /)•  The 
interior  of  thix  cup,  the  itubtequent  ca^'ity  of  the  eye,  i3  now  caJlcd  the  secondary 
optic  vesicle.  The  portion  of  the  oriffinwl  vesicle  that  has  underROiic  invagina- 
tion, namely  the  anterior  convex  portion,  now  made  concave,  hecoines  the  rotina 
iiV.  r):  the  posterior  portion  of  the  \*csicl«i  becomes  the  pigmented  choroidal 
(retinal)  epithelium  {IV.  p).  The  pedicle  is  the  subsequent  optic  nen,*e.  The 
invaginatioti  i>f  the  piiinary  mjtic  vesicle  takeit  place,  however,  not  exactly  accord- 
Eng  to  this  simple  plan ;  but  there  is  formed  below  on  the  cgg-cup-shaped  structure 
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;»  ck'fl.  which  jirrmits  ciTtnin  portioTis  of  tho  mesoblast  to  iTitiT  tho  ocular  caviiy. 
This  cli-'ft,  which  oxtfiids  from  tlie  pcdit-li"  nf  the  uplic  vcsicU-  to  thi.'  lii>r<U-r  I'l 
Ihe  invaKinatod  cup  {ID.  is  known  as  tho  colnhitma.  It  is  delimited  anteriorly 
as  an  nn  piemen  led  cleft.  At  the  jH-ilicle  of  the  optic  vesicle  it  continues  as  a 
furrow  to  the  base  uf  the  cerebral  vesicle;  and  in  this  furrow  lies  the  central  arter>' 
of  the  retina.  The  marjjins  of  the  cololwima  suliseqnently  unite  completely, 
il',  liowever,  in  ran.'  cases,  this  union  fails  to  take  place,  a  stri](  will  l*  wanlin;; 
in  the  reliiia  and  in  the  cliomidal  pigment.  There  then  results  a  con;;en:tal  mal- 
fiirniatioii.  or  arrest  of  development,  or  cololwima  of  the  choroid  and  retina  In 
birds,  the  embrvonal  eoloboma-eleft  dues  not  close  at  all.  but  thri.uti;h  il  a  vascular 
process  i  if  the  mesoderm  jK-nelrates  into  the  inierii.ir  i  ■!  the  eye :  this  i> 
the  subseiiuent  pecten.  A  similar  ciinilitii^n  occurs  in  t:sh.  in  which  the  esji.- 
ciallv  larjre  invaj;inated  prix-ess.  consisting  of  portions  of  mes^iblast  and  epiblast, 
persists  as  tho  falciform  process. 

Why  diH'S  the  primary,  pedunculated  optic  vesicle  become  inva.yina'.ed  ml', 
itself  in  the  fonn  of  an  ei:g-cup:  Because  a  sac,  derivei!  iv:n  the  let'-U-nn.  in 
ihe  fourth  week  still  pedunculated.  l>ecomcs  lod^'ed  in  the  prim;ir>-  ■■ptic  vi-sicli- 
(/.  /.I.  Fri>m  this  the  crystalline  lens  is  formed,  whose  epithelial  oHjiir.  ifr-.r^ 
epiblast*  is  indicated  even  in  later  life  by  its  peculiarities  i>f  yrowlh  The  cap-u;i 
of  the  lens  is  a  eulicular  formation  of  the  ectodennal  cells.  The  ji'-rti'-n  •  :"  th' 
eelodenn  that  covers  the  optic  vesicle  in  fn-'int  of  the  '.ens  subset  pjently  bee-:;'.i- 
ihe  laminated  anterior  conical  epithelium.  The  c-mea  exists  as  .arly  a>  thi 
si.\ih  week.  The  pijjmentary  layer  of  the  invapinated  optic  vesic'.e  j  a>ses  irijr; 
the  marjrin  of  the  eKfl-cu]'  over  the  ciliary  bixly  and  i  vi-r  the  posterior  suriaci 
of  the  subsi'iueiilty  fonneil  iris.  It  is  clear  that  a  persistcr.t  C'^'b-Tiia  tt!',;s: 
;hus  j;ive  rise  to  ihe  f'lrmaiioii  of  an  un:>igmei:;ed  s;r::  ir.  the  ■rii.  ''r  i  \\r.  a  I'rf: 
;he  co!o!"i!ii:i  of  the  iris.  The  substaiuv  o;  the  ch'  r":-^:.  thi  -c!i  ra.  ,ir.d  :l'.e  .:  r:"«:i 
i<  formed  lr.>:;-.  the  me.s.-blast  surr'''u:'.i'.;  !■.;„■  the  r;;.'.-T:-ir.:.-.rv  i -.i-  'Ihv  ■.■Jt  s-j!-. 

"I  the  iins  is  a:  lir.-^t  wh-'lly  s',;rro;;:;.!id  !y  a  v.isc-l.ir  -.•.:.:•.•.' r.vr.t.  ::::  i,i--'jl  ■■ 
;>:ipii].irv  i!ii':r.''r.i:;e  Sub-eii-,K:;;!\',  the  UT'.-i  ":  Vis  fu'thi'  ': -■c'l^'.^Ar^.:  ::::  "he 
^•cu!,lr  civ.'.y.  !■,;:  the  a:ueri"T  ;-.  rri.  ;;  ■■i  the  c.-.:  *::'. . ;  -.::  il'.ir^/  :;".e:r.':-r.-.;".i.  r-.Tr.j:;;? 
in  i!;e  anteri'-r  y'K::-".:  oi  the  vve.  atto  :  ■.■,.-,r;  :t  trt,  :'.:.:T^"  i  the  :r:s  .-'-■■■!? 
tSe\e'ith  wier*  .  ?■■  th..i"  the  t"-:!"':.  iS  c..  si*:  :  '."  liiz-^  '.  .Tt:  -z^  ■  t  t^^i  'i'*iSe-..'-r  ^:.i]  s-,-.- 
■;*":';I^ir\'    ;"i"tlT>it'.i.   .      Ih.e     ves*''s    oi    'he     '.r:;    -ire    C-r.t::".-.:"'js    v.'r.    th.ji- 
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the  neck  of  the  uterus  also  becomes  obliterated,  and  after  ten  periods  of 
ovulation,  therefore  about  the  two  hundred  and  eightieth  day  of  preg- 
nancy, labor-pains  set  in  for  the  expulsion  of  the  contents.  The  pains  are 
separated  by  intervals  of  freedom;  each  pain,  further,  begins  gradually, 
then  reaches  its  height,  and  diminishes  slowly.  With  each  pain  the 
temperature  of  the  uterus  increases.  The  activity  of  the  fetal  heart  is, 
further,  somewhat  stowed  and  enfeebled  with  each  pain,  as  a  result  of 
irritation  of  the  vagus  in  the  oblongata  of  the  fetus. 

The  uterine  contraction  passes  in  a  peristaltic  manner  from  the  tubes  to  the  os 
in  from  twenty  to  thirty  seconds.  The  curve  traced  by  this  movement  has  usually 
a  much  more  steep  ascending  than  descending  limb;  rarely  the  reverse;  occasion- 
ally, both  limbs  are  alike.  The  curve  of  contraction  increases  slowly,  persists  on 
the  average  about  eight  seconds  at  its  height,  and  then  falls  in  from  five  to  Iwenty- 
hve  seconds.  The  frequency  of  the  pains  increases  to  the  conclusion  of  labor. 
The  pains  are  shortest  in  the  first  half  of  the  period  of  dilatation,  while  the  ele- 
vation of  the  curve  is  lowest,  and  the  intervals  are  long;  in  the  second  half  the 
pains  become  longer  and  stronger  with  the  dilatation  of  the  os;  and  combined 
pains  appear  (Xike  superposed  contractions).  In  the  first  half  of  the  period  of 
expulsion  the  curves  are  higher,  in  the  second  half  more  frequent  and  higher, 
but  of  shorter  duration  and  with  shorter  intervals. 

The  pressure  within  the  uterine  cavity  during  a  maximal  contraction  increases 
from  li  to  6  fold  in  the  course  of  labor  m  consequence  of  the  progressive  expul- 
sion. The  increase  in  pressure  depends  upon  the  increased  thickness  of  the  uterine 
walls,  somewhat  also  upon  their  increased  curvature.  Both  factors  would  of 
themselves  tend  to  increase  the  degree  of  pressure,  were  it  not  that  the  strength  of 
the  muscular  libers  is  considerably  reduced  hy  the  shortening  that  occurs  in  the 
process  of  evacuation  of  the  uterus, 

Polaillon  estimates  the  pressure  that  the  uterus  exerts  upon  the  ovum  with 
each  pain  at  154  kilos;  and  that  the  uterus  with  each  pain  performs  work  equal 
to  8820  kilogram- meters.  The  intra-utcrine  pressure  is  greatest  up  to  the  rupture 
of  the  membranes,  after  which  it  diminishes,  to  regain  its  maximum  toward  the 
end  of  labor  (on  making  bearing-down  efforts  it  may  reach  400  mm,  of  mercury). 

After  expulsion  of  the  fetus  the  placenta  remains  (jehind  for  a  time ,  and  about  it , 
with  further  pains,  the  uterus  contracts  tightly.  In  consequence  a  not  inconsider- 
able amount  of  placental  blood  flows  to  the  child.  Therefore,  it  may  be  advis- 
able not  to  tie  the  umbilical  cord  immediately  after  the  birth  of  the  child.  After 
some  time  placenta,  fetal  membranes,  and  decidua  are  expelled  as  the  after-birth. 

With  respect  to  the  dependence  of  the  movements  of  the  uterus  upon  the 
nervous  system,  the  following  is  known:  (i>  Irritation  of  the  hypogastric  plexus 
causes  contraction  of  the  uterus.  The  fibers  arise  from  the  spinal  cord  (the  last 
dorsal  and  the  3d  and  4th  lumbar  vertebr.-e).  enter  the  abdominal  symnathetic. 
and  pass  from  here  into  the  plexus  named,  (1)  Also  irritation  of  tne  nervi 
erigentes,  arising  from  the  sacral  plexus,  has  a  motor  effect.  {3)  Irritation  of 
the  lumbar  and  sacral  portions  of  the  spinal  cord  causes  strong  movements. 
A  center  for  the  act  of  parturition  is  situated  in  the  spinal  cord.  (4)  The  uterus 
probably  possesses,  like  the  intestine,  parenchymatous  centers  of  its  own,  which 
can  be  stimulated  to  movement  by  suspension  of  respiration  and  anemia  (through 
compression  of  the  aorta  or  rapid  hemorrhage).  Reduction  in  the  bodily  tem- 
perattu^  diminishes,  while  increase  augments  the  contractions,  which  cease  in 
the  presence  of  high  fever.  The  experiments  made  by  Rein  on  pregnant  bitches, 
in  which  he  divided  all  of  the  nerves  passing  to  the  uterus,  have  yielded  the  re- 
arkablf  result  that,  in  the  uterus  freed  from  all  connection  with  the  cerebro- 
spinal centers,  all  of  the  principal  phenomena  are  jpossible  that  are  connecteJ 
with  impregnation,  pregnancy,  and  parturition.  The  uterus  must,  therefore, 
posses;^  its  own  automatic  ganglia,  under  whose  control  the  processes  named 
take  place.  According  to  Dembo,  a  center  is  situated  in  the  upper  portion  of 
the  anterior  vaginal  wall  (rabbits).  According  to  Jastreboff  the  vagina  of  the 
"'it    iitiiUrgoea  independent    rhythmical  contractions.     Sclerotic    acid   excites 

oorements  energetically,  as  does  likewise  anemia,      (5)  v,  Basch  and  Hoffmann 

ired  reflex  contractions  after  irritation  of  the  sciatic;    Schlesinger  after  cen- 

Irritation  of  the  brachial  plexus;    Scanzoni  after  irritation  of  the  nipples  in 

(6)  The  uterus  contains  for  its  vessels  both  vasoconstrictors  (by  way  of 

pc^jastric  plexus),  derived  from  the  splanchnic,  and  vasodilators  (by  way 
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of  the  ncrvi  erigentes).  The  vasomotor  nerves  mav  be  excited  reflexly;  also 
through  irritation  of  the  sciatic.     The  internal  os  is  especially  rich  in  nerves. 

After  birth  the  entire  uterus  is  deprived  of  its  mucosa  (decidua) ;  its  inner 
surface,  therefore,  is  like  a  wound-surface,  upon  which  a  new  membrane  is  formed, 
with  a  secretion  at  first  resembling  an  infusion  of  meat,  later  containing  a  larger 
number  of  cells,  and  finally  becoming  mucoid  (lochia).  The  thick  muscular  layer 
of  the  uterus  undergoes  gradual  reduction  through  partial  fattv  degeneration 
of  its  filwrs.  Within  the  lumen  of  the  large  vessels  an  obliterating  connective- 
tissue  hyperplasia  begins  from  the  intima,  and  in  the  course  of  several  months 
diminishes  the  lumen  of  the  vessels  or  occludes  them.  The  unstriated  muscle- 
fibers  of  the  media  undergo  fatty  degeneration.  The  relatively  large  blood- 
spaces  at  the  placental  site  are  plugged  by  thrombi,  and  the  latter  are  invadvd 
by  con  nee  live -tissue  from  the  walls  of  the  vessel. 

After  birth  secretion  of  milk  sets  in,  with  a  peculiar  effect  upon  the  vas- 
cular nervous  system  (milk-fever?),  an  increased  amount  of  blood  being  sent  to 
the  mammary  glands  on  the  second  or  third  dav.  The  institution  of  the  first 
respiratory  movements  in  the  new-bom  is  discussed  on  p.  755. 

COHPARATIVi:.     HISTORICAL. 

EmbrT,-olog\-  must  not  omit  to  take  into  consideration  the  general  develop- 
ment of  the  entire  animal  kingdom.  The  question  "How  have  the  innumerable 
animal  forms  at  present  living  originated?"  has  in  part  been  answered  by  the 
statement  that  all  species  have  been  created  as  such  from  the  beginning,  "every 
form  is  an  emlxxliea  idea  of  creation";  all  species,  further,  remain  as  such  without 
alteration;  ihe  "constancy  of  species  prevails."  In  opposition  to  this  view. 
held  by  Linn.Tus.  Cuvier,  Agassiz,  and  others,  Jean  Lamarck  in  iSoq  developed 
the  doctrine  of  "the  unity  of  the  animal  kingdom,"  embod\-ing  the  old  idea  of 
Empedocles.  namely  that  all  species  have  developed  by  variation  from  a  few  funda- 
mental species,  that  originallv  onlv  a  few  fundamental  species  of  lower  formation 
existed,  from  which  the  new,  numerous  species  have  evolved — a  view  supported 
also  by  GeofTrov  St.  Hilaire  and  Goethe.  After  a  long  inter\-al  this  thought  was  de- 
veloped in  a  particularly  fruitful  way  by  Charles  Danvin  (iSqg).  He  supported  his 
"'monistic  conception"  of  the  animal  kingdom  by  a  description  of  the  manner  in 
which  gradii.il  evolution  of  species  can  be  explained,  .-^mong  the  creatures  of  the 
earth  there  takes  place,  for  the  preser\-ation  of  litV.  a  struggle  of  all  against  all,  and 
from  this  "stni£;i;le  for  existence"  onlv  those  will  ;jn  forth  victorious  that  arc  char- 
acteri7ed  hv  p.irticularlv  striking  qualities.  Such  qualities:  strength,  speed,  size, 
color,  fniitlulnoss,  are.  however,  hcreditan,',  and  thus  it  is  evident  that,  in  thi,* 
manner,  to  a  certain  degree  through  naiiiT.il  seIeci;''Ti,  an  unmterruptcd  pnr^vsi 
of  improvement  and  thereby  a  gradual  variation  in  species  takes  place.  In 
addition,  the  creatures  are  capable,  within  certam  l:miis.  01  adaptmi:!  themselves 
to  their  surroundings  and  the  prevailing  necessities  of  external  mriucnces.  In 
this  way.  certain  organs  may  undergo  3  useful  traiisf.irmation,  wh:Ie  ir.act-.vc 
parts  can  graihiallv  undergo  involution  to  n.iiiinie:;tar>-  organs  The  gradual 
alteration  ol  atiimal  forms  thus  resulting  ■.!ir.,>u;;h  natural  selcctior."  linds  its 
protot\-pe  in  "artilicial  se'leetion"  amv'nc  ,inim,ils  ;ind  plan:?,  1;  is  kr.own,  !i'r 
instance,  that  I'reeilers  r,(  animals  are  .'iMe,  lu  :i  rel:i::\eiy  short  time.  '.:■  ;ri""iui.-i 
varialio:)-;  in  i..rni  ;h.H  are  nuieh  in^re  c>>ns:der.i!''.e  tha;;  tk^'Se  l-etv  ter.  two  wi-W- 
eharaeter;,'eil  :>;ee:i,s  01  animals  Thus,  the  sk;;:i  ■:  a  m.-\s'.::?  ar.;  that  ■:-:  ir. 
Italiar.  gr.iviii '■.;'.",ii  exhil^it  a  Tuueh  gre;iter  .i;::iri:',i't  '.i^an  iha',  of  ;>  :■  x  c^s  c-n,- 
pared  w.th  that  ■  ■:"  a  s:milar  sveciis  of  li'^g  As  :;;  :i-,e  case  !,■■:  art::  .-..i.  s»:n"t--r, 
howev.r.  theri  is  iSserved  a  sudiKn  rever>;  ■■•  :  ,,"  r.rce-^tr.il  t>"pc,  .-  jIs-  :"  '-!"■ 
devtl>>;';i'.i :'.:  ■■;  ::,iv.:r.i'.  sj'ieies  a;,iv:s:;i  ::"..;>  ■,L-.:r  '  ';■'.; -•■.:s!y  the  t  .-.se  o:  v.-.r.a- 
lion  i<  i::>re.i,sni  ^v  •':;<■  w'de.^preai!  ^i'.str::  ■,:::  r:  :  j.  ^■:\t:-.  sti.":i-  -:'.  (•■T^trt-t 
e!i;:;.ili-..  .is::-  i-::^ -.v.iv  i:^i-ri-;:  I'-hi'.iV;-  '  ^  ^  -:;  :  i.r.i::vv  T.%\:>  :hT.  rr;;^:-..- 
lior.  ■         rj.r'.-"".-  :".:,^v  .:r,i  '.■,;.!"'.■  c   -.'.r;'  ;:■,■    :        ,.'  .."'  ■">  '.v,   ?:!:■::■--     .M    \\  j_.r^:ir  r 
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a  ccelom,  etc.,  indicate  an  equal  number  of  animal  varieties,  from  which  the  human 
race,  in  the  course  of  inconceivable  time,  has  gradually  evolved.  The  separate 
steps  through  which  the  human  race  has  passed  in  the  process  of  transformation 
have  been  briefly  repeated  in  its  embryonal  development.  This  exposition  has, 
naturally,  not  escaped  criticism.  In  any  event,  the  comparison  of  human  de- 
velopment with  relation  to  the  individual  organs  with  the  corresponding  fully 
developed  organs  of  the  vertebrates  is  important.  Thus  also  mammals  possess 
in  the  development  of  their  organs,  originally,  the  simple  heart,  the  visceral 
elefts,  the  undeveloped  rudimentary  brain,  the  cartilaginous  chorda  dorsalis, 
various  arrangements  of  the  vascular  system,  etc.,  that  are  peculiar  to  the  lowest 
forms  of  vertebrates  throughout  life.  In  the  higher  classes,  these  incomplete 
rudimentary  structures  gradually  approach  perfection.  The  morphological 
differences  between  man  and  the  gorilla  or  the  chimpanzee  are  slighter  than  those 
between  the  anthropoids  mentioned  and  other  apes.  The  fossil  Pithecanthropus 
erectus  was  at  first  regarded  as  an  extinct  link  between  anthropoids  and  man, 
but  recently  more  correctly  as  a  powerful  long-armed  ape  (hylobates,  gibbon); 
the  Palffiopithecus  sivalensis  may  occupy  an  analogous  position,  with  its  cranial 
cavity  two-thirds  the  size  of  the  human  cranial  cavity  and  occupying  an  inter- 
mediate position  between  the  cranial  cavity  of  the  anthropoids  and  the  lower 
races  of  man.  In  detail,  however,  there  are  still  many  difficulties  in  the  way  of 
establishing  the  Darwinian  theory  and  the  fundamental  biogenetic  law. 

Historical. — Although  the  discoveries  in  embryology,  more  than  those  in  any 
other  branch  of  biological  science,  belong  especially  to  modem  times,  it  is,  never- 
theless, interesting  to  consider  the  views  01  the  ancients  upon  different  points, 
Pythagoras  (550  B.  C.)  rejected  the  theory  of  spontaneous  generation:  All 
life  results  from  seed.  According  to  Alkmaeon  (580  B.  C.)  both  sexes  furnish 
the  fecundating  material;  the  sex  of  the  offspring  corresponds  to  the  sex  supply- 
ing the  most  seed.  In  development  the  head  is  formed  first.  Anaxagoras  (500 
B.  C.)  believed  that  boys  came  from  the  right  and  girls  from  the  left  sexual  gland. 
Empedocles  (473  B,  C)  recognized  the  nutrition  of  the  embryo  through  the  um- 
bilicus; he  was  the  first  to  designate  the  chorion  and  the  amnion,  and  the  segmen- 
tation of  an  embryo  as  complete  on  the  thirty-sixth  day.  He  taught  that  the 
first  animals  of  creation  were  the  most  incomplete.  Hippocrates  considered 
the  seventieth  day  the  earliest  time  for  movement  and  the  two  hundred  and 
tenth  day  as  terro.  He  taught,  with  Democritus,  that  the  sexual  material 
came  together  from  all  parts  of  the  body  (Darwin's  pangenesis),  thus  accounting 
for  the  resemblance  of  the  offspring.  He  observed  incubating  eggs  from  day  to 
day,  and  saw  in  them  the  allantois  emerge  from  the  umbilicus,  and  the  chick 
escape  on  the  twentieth  day.  He  taught  that  seven-month  children  arc  viable, 
explained  the  possibility  of  superfetation  from  the  horns  of  the  uterus  and  de- 
scribed the  lithopedion.  According  to  Plato  (43a  B,  C.)  the  spinal  cord  is  formed 
first,  as  the  appendix  of  which,  the  brain  appears  anteriorly.  The  writings  of 
Aristotle  (bom  384  B.  C.)  are  rich  in  observations  of  which  many  have  already 
been  cited  in  the  text.  He  taught  that  the  embryo  received  its  blood-supply 
through  the  vessels  of  the  umbilical  cord,  and  that  the  placenta  absorbs  blood 
from  the  vascular  uterus,  as  a  tree  absorbs  moisture  through  its  roots.  He  differen- 
tiated the  polycotyledonarj-  and  the  diffuse  placenta ;  he  attributed  the  former  toant- 
mals  that  do  not  have  complete  rows  of  teeth  in  both  jaws.  In  the  incubated 
bird's  egg  he  recognized  the  vessels  of  the  yolk-sac,  which  convey  nourishment 
from  the  latter  to  the  embryo,  and  the  vessels  of  the  allantois.  The  statement  is 
correct  also  that  the  chick  rests  with  its  head  on  the  right  leg,  and  that  the  yolk- 
sac  finally  enters  the  body.  In  the  birth  of  mammals  when  the  head  alone  is 
bom  it  does  not  breathe.  The  formation  of  double  monsters  is  ascribed  to  the 
Junction  of  two  germs  or  two  embryos  lying  in  close  proximity.  In  the  process 
of  conception,  the  female  supplies  the  material,  the  male  the  principle  that  is 
responsible  for  form  and  movement.  With  regard  to  reproduction  in  the  lower 
animals,  reference  may  be  made  to  the  generative  arm  of  the  cephalopods,  the 
volk-sac  of  the  cuttle-fish,  the  yolk-sac  placenta  of  the  smooth  shark,  the  con- 
jugation of  snakes  and  the  absence  of  the  amnion  and  the  allantois  in  lish  and 
amphibia,  Diocles  (a  contemporary  of  Theophrastus,  bom  371  B,  C.)  appears 
to  have  seen  the  ovum  as  early  as  the  second  week  as  a  cutaneous  vesicle,  marked 
by  bloody  points  (villi?);  he  describes  also  the  cotyledons  of  the  uterus,  Erasist- 
ratus  (304  B.  C)  taught  the  development  of  the  emhrj'o  by  a  neoplastic  process 
in  the  ovum  (epi  genesisj ;  he  considered  scar- form  at  ion  in  the  uterus  as  a  cause  for 
sierility.     His  eontemporarj'  Herophilus  found  that  the  pregnant  uterus  is  closed. 
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He  noted  ihi-  glandular  character  of  the  prostate  and  named  the  seminal  vesicles 
and  the  fpididyniis.  Aret*us  (8i  A,  D.)  recognized  the  decidua;  Galen  (131-303 
A,  D,)  the  oval  foramen  and  the  passage  of  the  blood  in  the  fetus  through  it  and 
through  the  ductus  arteriosus.  He  was  familiar  with  the  physiological  relations 
between  the  vessels  of  the  breasts  and  the  uterus,  and  he  knew  that  the  uterus  con- 
tracted upon  pressure.  The  Talmud  contains  the  statement  that  an  animal  with  an 
extirpated  uterus  can  live;  that  the  pubic  bones  separate  during  labor,  and  an 
account  of  a  successful  Cesarean  section,  with  a  living  mother  and  child,  pcrformid 
at  the  request  of  Cleopatra.  Svlvius  (1555)  described  the  valve  of  the  oval 
foramen,  Vesalius  (1546)  the  follicles  of  the  ovar\-,  Eustachius  (died  1570)  the 
ductus  arteriosus  (Botalli)  and  the  branches  of  the  umbilical  vein  to  the  liver. 
Arantius  examined  the  duct  named  after  him,  and  stated  that  the  umbilical 
arteries  do  not  anastomose  with  the  maternal  vessels  in  the  placenta.  Libavius 
{1597)  makes  the  statement  that  a  child  had  cried  aloud  in  the  uterus,  Riolan 
(1618)  recognized  the  corpus  Highmori,  Pavius  (1657)  examined  the  position 
(if  the  testicles  in  the  incumal  region  of  the  fetus.  Harvey  {1633)  laid  down  the 
fundamental  principle:  Omne  vivum  ex  ovo.  Fabricius  ab  Aquapendente  (1600) 
described  the  embryological  development  of  birds.  Regner  de  Graaf  (1668) 
described  the  ovarian  follicle  named  after  him;  he  found  the  ovum  of  mammals 
in  the  oviduct.  He  produced  erection  in  the  cadaver  through  tense  injection 
of  the  cavernous  body.  Mayon  (1679)  obser\"ed  in  the  placenta  the  respiratorj' 
activity  of  the  lung.  Schwammerdam  (died  1685)  discovered  metamorphosis; 
he  developed  the  butterfly  from  the  caterpillar  before  the  Grand  Duke  of  Tuscany 
He  descrioed  the  cleavage  of  the  frog's  egg.  Malpight  (died  1694)  described  the 
embryologv'  of  the  chick,  with  illustrations.  The  first  half  of  the  eighteenth 
century  was  Riven  up  to  a  discussion  as  to  whether  the  ovum  or  the  semen 
was  the  more  important  in  development  (ovists  and  animalculists) ;  further, 
whether  the  progeny  was  newly  formed  in  the  ovum  (epigenesis),  or  whether  it 
merely  evolved  and  grew,  thus  lodged  in  the  ovum  as  a  being  already  formed 
(evolution).  The  ancients  attributed  the  fructifying  power  to  the  odor  of  semen 
(aura  seminalisV  The  question  of  spontaneous  f^eneration  has  been  studied 
exhaustively  particularlv  since  the  time  of  .N'eedham  (1745).  and  it  has,  until 
recent  times.  In^en  made  the  subject  of  numerous  investigations,  until  it  was 
finally  overthrown  chiefly  through  the  efforts  of  Pasteur  and  of  Robt.  Koch 
and  his  pupils. 

A  new  epin-Ii  began  with  Caspar  Fried.  Wolff  (1759).  who  first  taught  the 
formation  of  the  embryo  from  germinal  layers,  and  who.  hi-sides.  first  described 
the  tissues  as  emupi'si'd  of  minute  "  globules"  (cellsl  ^an  idea  that  was  lirst  thor- 
oughly inve!^li,i;ated  by  Schleiden   (i8jS)  with  respect  to  plants,  and  by  Schwann 
(iS^gi   with  respi'ct   to  animals.      U'olff   published,  as  a   model  of  investigation 
in   special   embryology,   a   monograph   upon   the   development   of   the   gut.      Will. 
Hunter  descrilK'ii  (1775)  the  fetal  membranes  and  the  pregnant  uterus.  S-jmmering 
(i79g)   the  development  of  the  external  bodilv  form  o(  man.  Oken  and  Kieser 
that  of  the  intestine.     The  intermaxillary  bone  in  man  was  viewed  by  Gi-eihe 
(17X0*   in  ils  correct    sij^iiticance:    he  also  sugjjested  the  corrt-et  morphological 
conception  of  the  development  of  cleft  palate.      Even  prior  to   1701  Goethe  recog- 
nized  the   ennsiriiction   of   the   cranium    from   vertebra',      Tiedemann    U^id*    di- 
scriln-d   the   development   of  the   brain,  Meckel   that   of   monstrosities.      The  work 
of  Pan.liT  u^ir'.  '-■•'""l  i^TtMi  v.  Baer  (1S2.S- tS,i4l.  Rathke.  Th.   BischotT,  Robert 
Remak  and    manv  iitlier  living  investigators,  laid  the  foundation  for  studies  nf 
the  develnpnieni  lif  imlividual  organs  from  the  three  germinal  layers.     Theodofv 
Schwann  lirst  i.iS;i)>  traced  the  development  of  all  of  the  tissues  from  the  prim- 
ordial germinal  eelN  to  the  stage  of  complete  evolution. 
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Abasia  596. 

Abdominal  pregnancy  958. 

Abdominal  pressure  10$,  jS6. 

Abdominal  respiration   ita. 

Abducens  ner\'e  693. 

Abiogenesis  938. 

Abomasum  344. 

Absence,  801. 

Absolute    muscular    energy    570,    596. 

Absorption,  from  the  stomach  348, 
from  the  intestine  354,  of  effusions 
373'  oi  gases  75,  of  proteid  356,  of 
salts  354-  °^  soaps  356,  through  the 
skin   539. 

Absorption,  nerve  control  of  359. 

Absorption  spectra  55. 

Acataphasia  797. 

Accessory  nerve  712. 

Accessory  sexual  glands  946. 

Accommodation  of  the  eye  83 1 .  mechan- 
ism 831,  phenomena  833,  for  distant 
vision  835,  in  animals  835.  measure  of 

837- 
Accommodation  phosphene  846. 
Accommodation -spot  846. 
Accord  900. 
Acetone  315,  359,  489. 
Achromatopsia  861. 
Acid-albuminates  in  the  stomach  297. 
Acid  rigor  554. 
Acoustic  nerve  699. 
Acoustic  normal  formula  699. 
Acoustic  tetanus  646- 
Acromegaly  693. 
Acrylic  acids  463. 
Action  current  651,  659. 
Active  insufitciency  586. 
Actual  energy  20. 
Acuity  of  smell  915. 
Acuity  of  hearing  901. 
Adaptation  1004. 
Adaptation  of  the  ear  893. 

eye  855- 

"     "     ins  843. 
---ijiiddiaoa'B  disease  197. 
-"-^'n  467- 

Bte  stimuli  813. 
««  445. 
•ala  197. 

Urth  1003. 
tontraction  573, 
m^cs  863. 
ttlaxation  573. 


After-sensations  814. 

After-taste  918, 

After-tension  573. 

After- vibrations  of  the  tympanum  890, 

Ageusis  919. 

Agglutinin  74. 

Agonal  respiration  iii. 

Agrammatism  797. 

Agraphia  797,  800. 

Air- tube  599. 

Albumins  457. 

Albuminimeter  496. 

Albuminous  glands  159. 

Albuminoids  460. 

Albuminuria  494,  physiological  494. 

Albumose  in  the  stomach  397,  in  the 

urine  496- 
Alcoholic  drinks  439. 
Alcohols  464- 
Alexia  799. 
Alexin  47,  74. 
Algesia  737. 
Alkaloids  418. 
Alkapton  489. 
Allantoin  485. 
Allantois  974.  975. 
AUochiria  934- 
Allorrhythmia   145. 
Alternating  hemiple^a  747. 
Alternation  of  after-images  864. 
Alternation  of  generations  941, 
Amaurosis  680. 
Amble  597. 
Amblyopia  680. 
Ambulacra!  organs  599> 
Ameboid  movements  of  leucocytes  46. 
Amido-acids  467. 
Amids  467. 
Amimia  797. 
Amins  467. 

Ammonia  derivatives  467. 
Ammonicmia  516. 
Amnesia,  senile  797. 
Amnesic  aphasia  797. 
Amnion,  formation  of  974. 
Amniota  974. 
Amniotic  fluid  974. 
Am<rba  46,  939, 
Ampere  640, 
Ampere's  rule  641. 
Amphiarthrosis  583. 
Amphoric  breathing  222. 
Ampullse  898. 
Amusia  797. 
007 
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Bass- deafness  901. 

Bdellotomy  345. 

Beat  of  the  heart  96,  loo,  pathological 
107. 

Beats  909. 

Beer  430. 

Bee-colonies  941. 

Bell's  law  714. 

Bile  315.  analysts  319,  action  334,  fate 
326,  pigments  ,^17,  325,  resorption 
3^3,  326,  secretion  319,  341,  abnormal 
secretion  341,  vomited  325. 

Biie-acids  315. 

Bile-ducts  309,  310. 

Bile-duct,  obstruction  of  331. 

Bile-mucin  315,  325. 

Biliary  colic  341. 

Biliary  fistula  319. 

Bilicyanin  317. 

Bilifiiscin  317. 

Bilirubin  63,  317. 

Bilirubin-lime  341. 

Biot's  respiration  212. 

Biogenetic  fundamental  law  1004. 

Bladder  518,  519,  development  975, 
996. 

Bladder  center  522,  735, 

BJastomere  961. 

Blastopore  962. 

Blastula  961. 

Bleeder's  disease  68. 

Blinding  of  the  eye  855. 

Blind-spot  850. 

Blood,  color  29,  odor  30,  taste  30, 
specific  gravity  30,  freezing-point  31, 
corpuscles  31,  isotonia  37,  laking  39, 
stroma  39,  development  41,  destruc- 
tion 43,  white  corpuscles  45,  plates  48, 
elementary  granules  49,  abnormal 
changes  50.  parasites  51,  coloring 
matter  51,  plasma  65.  fibrin  65, 
clot  65,  crusta  phiogistica  66.  de- 
fibrinated  blood  66,  fibrin  66,  86, 
coagulation  67,  bleeder's  disease  68, 
action   of  peptone   and   of   ferments 

68.  fibrinogen  69,  fibrin  ferment  61), 
coagulation  experiments  69,  thrombm 

69.  constituents  7  2 ,  proteids  73 , 
fibrino-plastin  73,  salts  74,  serum 
pigments  74,  bactericidal  substances 
74,  gases  74,  qualitative  estimation 
of  gases  76,  quantitative  77,  arterial 
and  venous  81,  amount  83,  abnonnal- 
ities  84,  hemorrhage  86,  circulation 
88. 

Blood  channels  131. 

Blood    circulation    86,   in    the  smallest 

vessels  178, 
Blood  corpuscles  in  the  retina  845. 
Blood  crystals  52, 
Blood  distribution  188. 
Blood  gases  74.  78,  extraction  77. 
Blood  in  active  organs  188. 
Blood  parasites  5 1 . 
Blood  plasma  65, 
Bloixl  plates  48,   70. 
64 


Blood-pressure  in  the  arteries  166,  in 
the  capillaries  168,  in  the  veins  169, 
in  the  pulmonary  artery  i6g. 

Blood -pressure  measurements  162. 

Blood- pressure  variations  170. 

Blood  sweating  539. 

Blood-vessels,  development  42,  971, 
sensory  nerves  771. 

Blood  volume  83. 

Bojanus'  organ  534. 

Bone,  development  from  cartilage  989. 

Bone  deformities  588. 

Bone,  growth  of  989. 

Bony  processes  581, 

Bradyphasia  797. 

Brain  extirpation  775. 

Brain  functions  in  animals  776. 

Brain  pressure  810. 

Brain  pressure  and  respiration  755- 

Brain  schema  742. 

Bread  427. 

Brenner's  normal  formula  699. 

Bromidrosis  539. 

Bromo^enic  bacteria  330. 

Bronchi  201. 

Bronchial  breathing  221,  322. 

Bronchial  fremitus  222. 

Bronchial  tree  306. 

Bronchial  vessels  203. 

Bronchophony  233. 

Bronzed  skin   107. 

Brunner's  glands  336, 

Brush-fringe  of  Tomier,  193 

Buccal  fluid  263. 

Buccal  glands  256. 

Buccal  organisms  264. 

Budding  939. 

Bulbar  paralysis  750. 

Butaianin  305, 


Cachexia  strumipriva  196. 

Calories,  adult  production  390. 

Calorimeter  379, 

Calorimetry  379,  389. 

Calory  32. 

Campanula  Halleri  883. 

Canalis  reunions  897, 

Canal  of  Schlemm  817. 

Capacity  of  the  ventricles  176. 

Capillaries,   structure    130,   movements 

132- 
Capillary  circulation  ij8. 
Capillary  electrometer  649. 
Capillary  pressure   168. 
Capillary  pulse  160. 
Capillary  tubes  128. 
Caput  obstipum  712. 
Carbohemoglobin  81. 
Carbohydrates  464. 
Carbohydrate  absorption  355. 
Carbohydrate  diet  443. 
Carbon -m  on  ox  id  in  the  blood  58 
Carbon*monoxid  poisoning  59. 
Cardia.  movements  280. 
Cardiac  brancncs  of    the  vagus  710. 
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Cardiac  dulness  zao. 
ganglia  114. 

impulse  100,  abnormal   107. 
"         murmurs  113. 

nerves  114- 
"         oritices,  stenosis  of  99. 

plexus   114. 
"         poisons  no. 
stimuli  J18. 
Cardiac  valves  92,  97,  98,  incompetence 

100. 
Cardinal  points  of  the  eye  829. 
Cardinal  veins  99 j. 
Card io- accelerator  nerves  761. 
Card  io- augment  or   center    760,   nerves 

761. 
Cardiogram  100. 
Cardio-inhibitory    center    758,    nerves 

Cardtopneumatic  movement   11 1. 

Carnivorous  plants  346. 

Carotid  glands   197.  development  987. 

Castoreum  540. 

Catacrotic  pulse    137. 

Cataphoric  effect  644. 

Cavernous  spaces  111. 

Cell   division    966 ,   direct   and   indirect 

966. 
Cement  173, 
Center   of   gravity   of   the    body    589. 

determination  591. 
Center  of  rotation  of  the  eye  866,  868. 
Centrifugal  nerves  677. 
Centripetal  ataxia  716. 
Centripetal  nerves  678. 
Centripetal  venous  pulse   187. 
Centrosome  966. 
Cereals  426. 
Ct're!>cUuin  807. 
Cerebellar  tracts  808. 
Cerebral  ataxia  794. 
"  chorea  794, 

epilepsy   783.   795- 
''  membranes  809. 

"  monoplegia   794- 

monospasm  795. 

motor  tracts  744. 

movfmcnts  810. 

murmur  1S4. 

nervi'S  678. 

paralysis  of  childhood  794. 

l)odunc!es  S04. 

pressure   8ro. 
"  vessels  744. 

Ccrebrin  627, 
CerL'bros]iinal  lliiid  367. 
Ceriniiininis   t:l:irii!s   531. 
Cerviral   hstula   ijSd. 
Charecit's  cry-itiils   251. 
Chc'ck-lij;;miiiU^   ^Si. 
Cln-esi,'-::pirilli  33.! 
Cliemieal   ;illMiilv    23. 
Chemoiavis  45.  4O. 
Chest-roj;isIiT  (locj. 
Cheyiie-Stiikes   respiratiiji:    211. 
Cbiasnia  'i;ii. 


'-   Chief-cells  189.  393, 

Chit  in -shields  541. 

Chlorocruorin  41. 

Chlorosis  50. 

Chocolate  4^8. 

Cholalic  acid  316,  325, 

Cholemia  322. 

Cholesterin  318.  325,  464,  637. 

Cholesterin  stones  341. 

Choletelin  74,  318. 
■   Choluria  500. 

Chondroclasts  46. 

Chorda  dorsalis  969. 

Chorda  saliva  360. 

Chorda  tympani  694, 

Chordae  t'endineie  98. 

Chorion     Iseve     976,    frondosum    977, 
primitivum  963. 

Chorionic  villi  976, 

Choroid  817. 

Choroidal  vessels  818. 

Chromatic  aberration  840, 

Chromatophores  541. 

Chromidrosis  539. 

Chrttnogenic  bacteria  330. 

Chromopsia  680. 

Chronoiog>'     of    human    development 
980. 

Chyle  366,  propulsion  371. 

Chyme  397. 

Cicatrix  454. 

Ciliary  bodies  816. 

Ctliospinal  region  843,  center  734. 

Circulation  of  the  blood  88.    135,   158, 
in  the  smallest  vessels  178. 

Circulation  schema  160. 

Circulation-time   177. 

Clarke's  column  724. 

Cleavage  961. 

Cleavage -spheres  961, 

Cloaca  998. 

Closing  contraction  633. 

Closing  tetanus  633. 

Closure  of  the  glottis  278, 

Clotting  398. 

Coagulation  65.  67. 

Coccygeal  glands   197,  540. 

Cochlea   898. 

Cochlear  duct   897. 

Ccelom   969. 

Ccemirus  041 . 

ColVec   42S. 

Cog-wheel  respiration  223. 

Coin-sound  121. 

Cold,    inlhience    upon    the    l»>dy    408. 
emyiloymont  of  411. 

Col<l-Mijoded  animals  3S1. 

Cold-lili'odedness,  artilicial  40Q. 

CMlla]ise,  temperature  of  39;, 

CollaUTiils   625,    715. 

Collateral  circulatii.in,  e^labtUhment   of 

7".=; 

Ci'ljoiils  353. 
Ci  ilol"  irna    1002. 
l'olor-lilin<lness   S60, 
Coldreil  lu'aring,  911. 
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Colored  reflections  86$. 
shadows  865- 
'■         vision  799. 

Color  center  798. 
"       chart  858. 
mixing  857. 

perception,  peripheral  853,  861. 
"       theones  859. 

Colorimetric  hemoglobin  estimation  53- 

Colors  856. 

Colostrum  417.  43i. 

Columella  oia. 

Column  cells  734, 

Coma,  diabetic  315. 

Comedo  539. 

Commissure,  anterior  802,  posterior 
806. 

Commissural  fibres  74a,  cells  734. 

Common  sensation  934. 

Complemental  air  jo6. 

Complementary  colors  857. 

Composite  marginal  cells  358. 

Compressed  air  253. 

Compression  reaction  667. 

Conception  958. 

Concord  908. 

Concrescence  940. 

Conduction  in  animal  tissues  639. 

Conducrion  through  the  bones  of  the 
skull  885. 

Conduction  resistance  639. 

Congenital  hernia  998. 

Conglobate  follicles  363. 

Conjugation  940. 

Conservation  of  energy  33. 

Consonants  615. 

Constancy  of  energy,  23. 

Constancy  of  species  1004. 

Constant  batteries  643. 

Constipation  343. 

Contact  spectacles  841. 

Contractility  of  the  vessels  131. 

Contraction,  laws  of  663. 

Contraction -curve  560,  isotonic  560,  of 
the  loaded  muscle  561.  in  fatigue  56s. 
white  and  red  muscles  563,  action  of 
poisons  563  pathological  565,  sum- 
mated  565,  isometric  568. 

Contraction  of  the  visual  field  851. 

Contraction  rate  of  muscle  568. 

Contraction  remainder  564, 

Contraction  without  metals  651- 

Contracture  564. 

Contrast  864. 

Contrast -colors  857. 

Convulsions,  path  of  the  impulses  740. 

Cooling  of  the  body  409. 

Coprosterin  325. 

Corium  525. 

Cornea  815. 

Corneal  pressure-folds  844. 

Coronary  vessels  93. 

Corpora  quadrigemma  805. 

Corpulence  445. 

Corpus  albicans  954. 

Corpus  callosum  802. 


Corpus  luteum  955. 

Corfius  striatum  80  a. 

Cortical  blindness  786,  799. 

Conical  centers,  motor  780,  792,  stimu- 
lation 780,  794,  positions  781,  792; 
sensory  785,  798,  visceral  790,  ther- 
mic 788,  797. 

Cortical  color  center  798. 
"         deafness  787,  799. 

heat  center  797. 
"         iris  reflex  843. 

Cortico-motor  paths  792. 

Corti's  membrane  899, 

Corti's  organ  898,  899. 

Costal  respiration  aio. 

Coughing  335. 

Coughing-center  749. 

Cracked-pot  sound  aai. 

Cranial  nerves  678. 

Cranioscopy  775. 

Cranio- tympanic  conduction  885. 

Cranium,  development  of  984. 

Crescents  of  Gianuzzi  358. 

Crista  acustica  898. 

Croaking  experiment  730. 

Crop  344. 

Crop-milk  344. 

Crymg  325. 

Crypts  of  Lieberkdhn  326. 

Crystalline  compound  882. 

Crystalline  rod  883. 

Crystallized  bile  316. 

Crystalloids  353. 

Crystal -sphere  882. 

Cupping-boot  253. 

Curare  556. 

Current  of  action  652,  659. 

Currents  of  the  skin  65 1 . 

Cutaneous  absorption  539. 
pigment  535. 
respiration  341. 

Cylindrical  lenses  S41. 

Cyrtometer  217. 

Cystoma  lymphatica  375. 

Cysttcula  912, 

Cystin  503. 

Cysticerci  941. 

Cy toglobin  7 1 , 


Damping   of  the   tympanic   membrane 

889. 
Darwinian  theory  1004. 
Deafness  805. 

Decidua  975,  menstrualis  953, 
Deciduous  membrane  975. 
Decubitus,  acute  791. 
Decussations  in  the  cord  747. 
Deep-hearing  individuals  901. 
Defecation  center  734. 
Delicicncy  664. 
Deficiency  phenomena  789. 
Defibrination  66. 

Degeneration  of  divided  nerves  716. 
reaction    of    669,    673 . 
Deglutition  277. 
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Dcgliititi<m,  disorders  of  3,39. 
Deglutition,  niTves  of  ayS. 
Dcgiutition  sounds  378. 
Dcplutitional  breathing  755. 
Deiter's  cells  Sgg. 
Delirium  cordis   145. 
Dendrites  635. 
D<.'ntin  372. 
Dental  sac   274. 
Dental  calculi  161. 
Deniiuii!  tihrils  271,  tubules  2ja. 
Depressor  nerves  707,  764, 
Descent  of  the  ovaries  998,  of  the  tes- 
ticles 908. 
Dextrin  364. 
Dia.l>ctes  mellitus  31,1. 
DiaK'tes.  i)oisons  causing  314. 
Diabetic  coma  315, 
Diapedesis  iSo, 
Diaphragm  J13. 
Diarrhea  3S3.  343. 
Dinrticular  muscles  5S6. 
Diastatie  action  of  saliva  264. 
Diastcr  i)bo. 
Dicrotic  pulse   141. 
Diencephalon    1000. 
Differential  rhcoionie  654. 
Differential   tones  «iO- 
Diffusion  351. 

Digestibility  of  various  foods  300. 
Digestion  of  living  tissues  301. 
Digestive  fennoms  of  plants  34S- 
Dionca  340 
Diopter  S3S 
Dipnthongia  ^I,■'. 
Diphth'ings  Mi,  . 

Diplacusis  oc 
Dtuvl    visi.'ii   >;■, 
Disvoril,i;u   sciisiition  goy. 
Dishiinn.TW   oc, 
^iss^vi,^:i^'ll  i-l"  j;.iscs  ^40 
Disiauvv.   iudi,^i;etu   of  S7S. 
Distribiitii'ii  '•{  the  M.-vh!  :SS. 
Division   u  ;S 
Division  .'I  laN'r  m4C 
Diveri'.ciil.i  irotn  '.ho  in'.estiue  004. 
IX>rs,il   vcsse'.    :■,■• 
Doii!>!e    .trtoH.i'.    s. '■,::>!    in    anacrotism 

D'u'.'U-  c-':;i:-.:v;i.-;'.  i:;  r.t-rves  pog. 

Di'ubii'  :ii,.r".r.i:  oc> 

IX'nS\  ;■:■..;-,;   >-.- 

D.^;;M<  ::":r--:r    :-4 

lX~-,::-U  ■.::^^-,l^  ,,:■.'.  v.i.;-.:-.,-,  .itiS. 

ivi;;::--    ■  -—-,   ;-; 

Pr  -     -..:  ■:    ■-: 
Pr  ^  -:■.    :  •  ■ 
P;:.M:-    :•    :-. 


Dynamids  ig. 

Dynamometer  572. 
Dysarthria  618. 
Dyschromatopsia  860. 
Dyperistalsis  287. 
Dyphagia  196. 
Dyspnea  211,  752,  753. 


Ear -muscles  890. 

Ear-wax  534- 

V.   Ebner's  glands  356. 

Echinococcus  941. 

Echoes  911. 

Eclampsia  784.  in  uremia  7S4  and  in 

autointoxications  784, 
Ectoblast  963. 
Edema  374. 
Edentata  376. 
Eel  serum  68. 
Egg,  development  of  946- 
Egg-membranes  in  multiple  pregnancies 

979- 
E^-membranes  in  animals  980. 
Egg  nucleus  960. 
Eggs  433. 

Egophony  133. 

Ejaculation  957. 

Ejaculation  center  735. 

Elasticity  of  active  muscle  574. 

Elasticity  of  muscle  573. 

Elasticity  of  the  blood  vessels  13J. 

Elastic  elevations   141. 

Elastic  traction  of  the  lungs  111.  333, 

Eleidtn  granules  527. 

Electrical  i-diir  qi6. 

sensations  665. 

ta:5te  sensations  ij:». 

unit?  040. 

Vertigo   >cg. 
Electric  char;.;e  of  the  i«xiv  07*. 
hsh  P75. 

v,iriati'">ns  as  stini-^i  r-ji 
Elect ri>-cardiogT-Am  t'53. 
EUxtroiysis  ^4; 
EUvt ri ■m"".>"'rs  r;>. 
Electri'Tiiu-k-u; jr  str.sibi'iity  4:7 
E'.i c'r  ;hi r.i:i,-i::ic5  fCr-j 
E!ii-tr-;  r.ii  ■.-urrerrs  055. 
E'.iV.r'  :    r.-^is   ct 

t  .^'TV.i  T"  Af"*'    i^JT^U.tS    4'L 

Er.-'.  r.i^'ir.i:  t .v. Tr::r.cn".   7;; 

Erv  r-.    r.^:   -.r.:-.:'.   ;'^ : 

l"  ■*         J    *  ^ 
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EBd(.vai\i;<:>{Taptik'  experita^W  i; 
Eadocardhnn  91. 
;  EBdntnmih  Sqr. 
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Endosmosis  351. 

Endosmotic  equivalent  35a. 

Enemata  283,  359. 

Energy,  unity  01  25. 

Entobtast  963, 

Entoptic  shadows  844. 

Entoptic  pulse  phenomena  156. 

Entotic  phenoniena  911. 

Enuresis  ^34. 

Eosinophile  leucocytes  47- 

Epiblast  962. 

Epidermis  527,   533. 

Epididymis  997. 

Epigastric  pulsations  157. 

Epigencsis  1006. 

Epiglottis  604. 

Epilepsy,  cerebral  8or,  Jacksonian  783, 
795.  medullary  773. 

Epileptic  condition  774. 

Epileptic  insanity  801. 

Epileptogenous  zone  774. 

Epileptoid  hallucinations  801. 

Epislemum  987. 

Epithelio-muscular  cells  599. 

Equilibration,  disturbances  of  805. 

Equilibrium  91a. 

Equivocal  generation  938. 

Erection  955. 

Erect  ion -center  735,  956, 

Ergograph  580. 

Erythroblasts  41. 

Erythrocytes  31,  discovery  31,  volume 
31,  weight  31,  specific  gravity  32, 
number  32,  enumeration  32,  physical 
properties  34,  destruction  34,  43, 
structure  34.  vital  phenomena  34, 
color  35,  contraction  35,  changes  in 
form  35,  changes  in  position  35, 
rouleaux  35,  influence  of  heat  36, 
erythrocytotripsy  36,  erythrocyto- 
Ivsis  36,  preservation  36,  preservative 
fluids  36,  permeability  37,  isotony  37, 
hyperisotony  38,  hypisotony  38,  os- 
motic tension  38,  solution  36,  38,  44, 
laking38,  stroma  39,  dissolving  agents 
39.  gas  content  40,  resistance  to 
solution  40,  in  various  animals  40, 
development  41.  division  41,  nu- 
cleated 41,  conditions  of  origin  4a, 
disintegration  43.  sign  of  degenera- 
tion 44,  abnormalities  50.  dwarf  and 
giant  erythrocj-tes  50,  pigments  go, 
parasites  51.  chemical  constituents 
51,  protcids  63,  diastatic  ferment  63, 
stronia-fibrin  63.  other  chemical 
constituents  64,  quantitative  analysis 
65,  relation  to  fibrin  formation  71, 
gases  78,  polycythemia  85. 

Erythromelalgia  770. 

Erythrophobia  798. 

EiTthropia  799. 

Esbach's  albuminimeter  496. 

Esophageal  plexus  709, 

Esophageal  stricture  339. 

Baophagus  ajg. 

SftneBJometer  934. 


I  Esthesodic  tracts  736. 

Estimation  of  size  877. 

Ether  18. 

Euperistatsis  387. 

Eupnea  75?, 

Eustachian  tube  894,  opening  of  894, 
!       sounds  895,  catheterization  896. 

Evaginations   from    the   intestine   994. 

Evolution  1004. 

Excitomotor  nerves  677. 

Exophthalmic  goiter  196,  770. 

Exophthalmos  866. 

Expiratory  muscles  aia. 
'    Expired  air  231. 
I   Exponent  of  refraction   835,   830. 

External  ear  887. 

External    genitalia,    development    998 

External  transmigration  959. 

Extirpation  of  brain  tissue  775. 

Extra-current  apparatus  645- 

Extremities,  development  973. 

"  development  of  the  bones 

of  the  987. 

Eye,  development   looi. 

Eye,  illumination  of  847. 

Eye  movements  866. 

Eye   muscles   868,   center   for   795. 

Eye,  structure  815- 

Eye-ground  849. 

Eye-fids  879. 

Eye-Jids,  center  for  closure  748. 

Eye-lids,  glands  of  531. 


Facial  bones,  development  of  985, 

nerve  694. 
"       paralysis  697. 

respiratory  movements  ai6. 
Falciform  process  883, 
Falsetto  voice  609. 
Far- point  836. 
Far-sighted  eye  837. 
Fat  absorption  356. 
Fat,  chemistry  46a. 
Fat  deposition  443. 
Fat  diet  443. 
Fat  digestion  306. 
Fat  emboli  86. 
Fat  formation  444. 
Fat,  origin  in  the  body  444. 
Fat-splitting  ferment  of  the   pancreas 

306. 
Fatigue  579. 
Fatigue  of  the  ear  911. 
Fatigue  of  the  eye  855. 
Fatigue  of  muscle  579. 
Fatigue  of  the  organs  of  taste  918. 
Fatigue    of    the    olfactory    organ    915. 
Fatty-acids,  absorption   157. 
Fatty-acids    in    intestinal    putrefaction 

332- 
Fatty  degeneration  of  muscle  636. 
Fecal  odor  336. 
Feces  i}^.  constituents  337. 
Fellic  acid  316. 
Fermentation  439. 
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Fermentation  test  for  sugar  368. 

Ferments,  fate  in  the  intestine  338. 

Ferments  in  plants  345. 

Ferratin  313. 

Petal  circulation  979. 

Fetal  membranes  979,  980. 

Fetus,  movements  of  983,  983. 

Fever  404. 

Fever  temperature  392. 

Fibrillar;'  contraction  95,  114,  119,  559, 

Fibrin  65,  86. 

Fibrin  factors  70. 

Fibrin  ferment  69. 

Fibrinogen  68,  70. 

Fibrinoplastic  substance  73. 

Fick's  spring  k>-mograph   163. 

Filling  of  the  aorta  104. 

Filtration  354. 

First  circulation  971. 

Fistula  of  the  lower  lip  985. 

Fixation  853. 

Fixation  of  the  vertebra  590. 

Fluorescence  of  the  eye  media  831,  856. 

Flying  597. 

Foliate  papillae  ()i9. 

Fontana's  striation  638, 

Food,  necessary  quantity  433. 

Foods  3S- 

Foot,  arch  of  the  59 1 . 

Foot  deformities  588. 

Forced  movements  806. 

Forces  rp. 

Fore-bram  96S,  looo. 

Fore-gut  cavity  070. 

Formation  of  images  by  lenses  814. 

Formic  acid  463.  535. 

Fovea  centralis  S53. 

Freezing  40S. 

Friction  murmurs  [13,  222. 

Frog-current  651. 

Frontal  cortical  injuries  774. 

Fruits,  438. 

Fundic  glands  289. 

Funic  soulTlc   1S4, 


Galloping  5,,7. 

Gall-stones  341. 

Gall-stmic  colic  34^. 

Gallon's  whistle  001, 

Galvanic  conductivity  of  the  skin  540. 

Galvanic  currents  and   circuits  639. 

Galvanic  polarization  643. 

Galvanic  stimulation  of  olfactory-  organ 

Qlt. 

Galvanfitonus   116,    iig. 
Ganglinii-cclls,  cban,!;i-s  in  .ictivilv  fuH. 
histnliij.'y    (!■;. 

"  '"      "i   tlic  ri-riiKi  >]<! 

^^■1]S..r\■     '>-■''. 

sviiii'iitluiic  <•:'■. 
Gan.elinn,   ciliarv   i-'-.i. 

L:i.nii-u!iiU'   t>'ij. 

■iuLTul.ir   7C.1 

111  iUl-  !iii:-;uaL  r..Tvi-  72;, 


Ganglion  otic  6S0. 

petrosal  703. 
I  "         sphenopEuatine  687. 

"         spiral  690. 

submaxillary  691. 
'■         vestibular  699. 
Gargling  335. 
Gartners  ducts  997. 
Gas-pump  77. 
Gas-sphygmoscope  137. 
Gastnc  catarrh  340. 
crypts  389. 
disorders  340, 
fistula  395. 
glands  389. 
musculature  180. 
nerves  281. 
"        neuroses  383. 
"        plexus  709. 
Gastric  digestion,  disorders  of  340. 
"  in  fever  and  anemia 

34'. 
"  "  of     different   tissues 

300. 
Gastric-juice  393,  constituents  393, 
secretion  393,  vagtis  action  395. 
action  of  alcohol  395,  in  the  newborn 
395,  comparative  295,  collection 
395,  artificial  396.  excessive  secretion 

34°- 
Gastrograph   380. 
Gastroxynsis  340. 
Gastrula  q6i. 
Gelatin  diet  443. 
Genital  eminence  998. 
Genital  strand  99S, 
Germinal  area  963. 
Germinal  centers  45. 

epithelium  996. 
gland  996. 
membrane  964. 
■'  vesicle   961. 

Germs  in  the  atmosphere  346. 
Gianuzzi's  crescents  358. 
Ginglymus  583. 
Giraidfis'  organ  997, 
Gland-currents  651. 
Glaucoma  6S7. 
Globin  60,  63. 

Globulicidal  action  of  blood  74- 
Globulins  458. 
Glossophar>-ngcal  ner\'e  703. 
Glossoplcgia  713. 
Glottis  in  respiration  316, 
Glottis,  paralysis  of  70ft. 
Glucosides  462, 
Glutamic  acid  305, 
Glvcin  31ft, 
('rlycochiilic  acid  316. 
G!vco:,.:tn    311.    qualitative    anil    i^uan- 

iitaiivL-   estimation    311.   origin    311. 

transfiinniitinn  into  sugar  3IJ,  chcm- 

istrv  4fi(i. 
Glvciii:' iiic   dfgeneration   315. 
Glvciisuria   501. 
Gi"i.-ic-l!i-sh    531). 
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Grandry-Merkel  corpuscles  gaa. 
Gravitation   19. 

Grinding  movement  in  mastication  aji. 
Grinding  stomach  344. 
Grouped  heart  beats  117. 
Growth  in  size  and  weight  455. 
Gubemaculum  of  Hunter  998. 
Gustatory  organ  916, 

development  looa. 
Gustatory  region  916. 
Gymnastics  587. 


Haidinger's  polarization  brushes  847- 

Hair  529,  development  530,  graying 
530,  growth  531,  movements  529, 
structure  539. 

Hair-cells  898. 

Hales'  tube   i6a. 

Halisteresis  588. 

Hallucinations  814,  voluntary  847. 

Harderian  gland  883. 

Hare-lip  985. 

Harmony  qo8. 

Harrison's  groove  211. 

Hawking  22^. 

Hayem's  fluid  36. 

Head-fold  970. 

Head-register  6oq. 

Heart  89,  histology  8g,  structure  of  the 
auricle  89,  structure  of  the  ventricle 
90.  pericardium  91,  endocardium  92, 
valves  ()3,  coronary  vessels  03, 
automatic  regulation  93,  fibrillary 
contractions  95,  failure  96,  move- 
ments q6,  systole  96,  diastole  96, 
valve-play  97,  103,  negative  pressure 
97,  99,  residual  blood  98,  chordae 
tendmeifi  98.  pause  99,  tone  99, 
functional  disturbances  99.  hypertro- 
phy 99,  stenosis  99,  valvular  in- 
sufficiency 100,  apex-beat  100,  car- 
diogram 100.  time  relations  of  the 
beat  104,  endocardiograms  106,  ab- 
normal heart  beats  107,  spurious 
contraction  108,  abnormal  cardio- 
grams 108,  hemi-systole  no.  heart 
soimds  no,  abnormal  sounds  112, 
and  murmurs  113,  duration  of  the 
movement  113,  undulating  move- 
ments 114,  115,  119,  nerves  114, 
ganglia  114,  minimal  and  maximal 
stimulation  115,  section  and  ligation 
experiments  116.  isolated  apex  117, 
grouped  beats  117,  stair-case  beats 
I  i^p  automaticity  118,  stimuli  118, 
poisons  lao. 

Heart  as  the  cause  of  blood  pressure 

'59- 
Heart,  comparative    198.   development 

971,  9<)o. 
Heart- failure  96. 
Heart  sounds   no. 
Heat  22. 

Heat  accumulation  403. 
balance  399. 


!   Heat  center  394. 

"      conduction  by  tissues  390. 
I      "      dissipation  396. 

dyspnea  753. 
i      "      employment  of  407. 

eflect  on  the  eye  844,  861, 
■'      feeling  of  933. 
I      ■'      production    394,    regulation    of 
394,  variations  in  400. 
production  in  muscle  576. 
I      "      production  in  single  organs  385. 
"       rigor  554- 

source  of  379. 
units  33,  4ac- 
values  of  foods  378. 
Height  of  lift  574. 
I   Height  of  velocity  115. 
I   Helicotrema  897. 
Heliotropism  883. 
Hemamceba  51. 
Hematin  60. 
Hematin-chlorid  61. 
I    Hematodynamometer  i6a. 
'    Hematoidin  63,  317, 

Hematoidrosis  539. 
I   Hematoporhyrin  61,  6a. 

Hematosidenn  44. 
■   Hematuria  497. 
Hemautography  139. 
He  moral  opia  680. 
Hemialbumin  197. 
Hemicrania  770. 
Hemimetabola  941. 
Hemin  61. 
Hemiopia  798. 
Hemipeptone  397,  304,  305. 
Hemiplegia,  cerebral  793. 
Hemisystole  no. 
Hemochromatosis  44. 
Hemochromogen  61. 
Hemocyanin  41. 
Hemodromometer  171. 
Hemofuscin  44. 
Hemoglobin  51. 

crystals  58. 
"  gas  content  55,  58. 

"  reduced  56. 

spectroscopic  examination 
54- 
Hemoglobinuria  498. 
Hemometer  53. 
Hemophilia  68. 
Hemorrhage,  death  by,  87. 
Hemotachometcr  173. 
'    Hepatogenic  icterus  323. 
Hermaphrodism  940,  999. 
Heterologous  stimuli  813. 
Hibernation   jia.  410. 
High-hearing  individuals  901. 
Hind-brain  968,   1000. 
Hind-gut  971. 
I   Hinge-joints   i;82. 

Hippuric  acid  334,  484. 
!    Hippus  68a, 

Histon  63. 
I  Hoarseness  618. 
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Hollow  muscles  583, 

Holoblastic  ova  948,  958. 

Hotometabola  94 1 . 

Homoiothcrtnous  animals  381. 

HomologiTus  stimuli  813. 

Horopter  &ji. 

Horse-pow-er  573, 

Huerthle's  manomt-ter  164. 

Humidity  of  the  atmosphere  230. 

Hunger-icterus  322. 

Hunger,  metabolism  in  439- 

Hybrids  9^9. 

Hydatid  of  Sforgagni  997. 

Hydremia  84. 

Hydrobilirubin  74.  318.  3*5- 

Hydrocephalus  774. 

Hydrochloric  acid  in  the  stomach  193, 

293- 
Hydrocyanic  acid  374. 
Hydrocyanic  acid  hemoglobin  60. 
Hydrodiascope  841. 
Hydrops  375. 
Hydrotics  536. 
Hygrometer  730. 
Hypacusis  700. 
Hypalgia  936. 
Hyperacusis  700. 
Hyperalgia  700.  737,  935. 
Hypercholia  322. 
Hyperesthesia  73S,  optic  680. 
Hypergeusis  919. 
Hyperglobula  85. 
Hypendrosis  538,  unilateral  538. 
Hyperisotonic  solutions  38. 
Hyperkintsis  738. 
Hypemutriti'in  445, 
Hvficrostosis  5«H. 
HviH-Tjistlaphcsia   933. 
Hyjiisotonic  ^olutii.ns  3S. 
Hypnotism  77S,  of  animals  7S0. 
Hyp')lilaKt   962, 
Hypdncusis   919. 
Hypoglolmla  K7, 

Hypophysis  197,  (k-vclopmcnt  1000. 
Hypopsc'Iaphisia  934. 
Hyposmia   679. 
Hypospadia  1^99. 


Icterus,  hcpatogt'iiic  313. 

Ictenis  neonatorum  323. 

Identical  rt-linal  points  871. 

Ideomnscnlar  cnniracti'in   559. 

llco-cat-al   valvu    3.S3. 

Illusions   Srj, 

Imajjis.  foniiaiii>n  hy  Icnsi'S  824. 

Im[)ri  ;;naiioii   1,5s, 

Inanition   4  ^ij 

Inrivi'lil.lr   tfincs   901.   1)03. 

In-hricrliiij;   1,59. 

Inclination  (.iirri'nt-i  (j^o, 

Inc-ontinL-ncii  524. 

Inrlfhnite  respiratory  sounds  3ia. 

Index  of  refraction  '825. 

Indian  com  438. 

Indican  m.  4* 


'   Indirect  \-ision  853. 
Indol  305.  333. 
Induction  645. 
Infectious  diseases  of  the  respiratory 

tract  34^. 
Inflammation  181. 
inguinal  glands  540. 
Inheritance  of  mutilations  1004. 
Inhibition  of  reflexes  731,  733.  740. 
Inhibitorj-  ner\'es  678. 
inhibitory  nerves  of  the  heart  758. 
Inhibitory    ner\-es    of    the    respiratory 

apparatus  711. 
Inhibitory  polar  action  666. 
Initial  contraction  567. 
Initial  vowels  614. 
Innervation  of  the  eye-muscles  870. 
Inorganic    constituents    of    the     body 

4. I*. 
Insalivation   371, 
Inspiratory  muscles  aia. 
Intelligence,  seat  of  801. 
Intelligence  in  animals  776. 
'   Intercalarj-  ducts  258. 
Intorccntral  nerves  678. 
Inter-cpithelia!  ner\e  endings  gzi. 
Interference  of  sound  waves  90S- 
Interglobular  spaces  272, 
Interlabyrinthinc  pressure  899. 
Intermittent  ophthalmia  6S6. 
Internal  genital    organs,    development 

09ft. 
polarization  644. 
"  respiration  141. 

secretion    103- 
Intervillous  spaces  977. 
Intestinal  a!isoq)tion    (4,S. 

bacteria  319. 

contents,   reaction   335. 

digestion  in  fever  342-' 

exhaustion   2S7. 

fcnnentation  329. 

gases  329. 

juice   31(1.   327,   32S. 

navel  971.  Q03. 

paralysis  ?SS. 

paresis  287. 

j'utrefaction   329, 

rest    2S6. 

villi  in  absorption  34S. 
Intestine,  length  of  326. 

nerves  of  286,  32S.  710. 

stimulation  of  286. 
Intra-<)Ciilar  jiressure  S43. 
Intra- vascular  hemorrhage  767. 
Inunction  5  ;rj. 
Inversiiin   of  intervals  901. 
Inversion  of  the  retinal  image  S31. 
Invertin   32.S,  332. 
Involution  of  the  uterus   1004. 
lodothyrin    107. 
.   Iris  S17,  cortical  reflex  S43.  functions 
I        841,    movements    841,    muscles    84a, 
ner\'es  842 
Irradiation  864- 

of  pain  93)!. 
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irregular  astigmatism  841. 
Irrespirable  gases  245, 
Irritabitity  of  different  nerve  fibers  6^3. 
of  nervcB  at  different  pomts 

Ischemia  933, 

Ischuria  513. 

Isodynamic  food  values  378. 

Isometric  muscular  activity  568. 

Isotonic  muscular  activity  56S. 


acksonian  epilepsy  783,  795. 

acobson's  or^an  916. 
.  aw,  articulation  of  170. 
.  aw  movements  ajo. 

ecorin  313. 
oints  581. 
umping  596. 


Key-electrode  648. 

Kidneys,  development  995,  nerves  514, 

structure  469,  vessels  469. 
Kinematograph  593.  863. 
Kinesodic  tracts  736. 
Kinetic  energy  ao. 
Kinctoscope  863. 
Kjeldahl's  method  478. 
Krause's  end  bulbs  9^1. 
Kymographion    1 62 . 


Lab-formation  300. 

Lab-ferment  in  the  stomach  300.  in  the 

small  intestine  328. 
Lab-stomach  344. 
Labor  pains  1003. 

Labyrinth    885,    8q6,   pressure    in   899, 
Lactic-acid  fermentation  in  the  stomach 

300. 
Lactic  acid  in  the  intestine  331. 
Lactic  acid  in  the  stomach  292,  294. 
Lagena  912. 

Laryngeal  cartilages  600. 
ligaments  600. 
"  muscles  600. 

nerves  705. 
Laryngeal  stenosis  sound  222, 
Laryngoscope  606. 
Laryn  go -stroboscope  606. 
Larynx  600.  closure  in  deglutition  27S, 
Latebra  949. 
Latent  stimulation   561. 
Lateral  line  912. 
Lateral  ]ilates  969. 
Laughing  225. 
Left -handedness  795. 
Legumes  417. 
Lenses  820. 
Lenticular  nucleus  802. 
Leptothrix  264. 
Leiicin  305.  333.  503. 
Leukemia  5 1 . 
Leukocytes  45,  demonstration  45.  forms 

45,    structure    45.    development    45. 


division  45,  multiplication  45,  leu- 
kocytosis 45,  51,  number  46,  move- 
ments 46,  chemotaxis  46,  migration 
46,  phagocytosis  46.  solution  47, 
leukocytolysis  47,  staining  prop- 
erties 47,  granules  47,  classifica- 
tion 47,  oxyphile,  neutrophile,  baso- 
phile  granules  47,  48,  miclein  and 
glycogen  content  48,  leukemia  47, 
51,  abnormalities  51,  chemical  con- 
stituents 64,  destruction  70. 

Leukocytosis  45,  48.  51, 

Levator  ani  286. 

Levator-cushion  895. 

Liberating  forces  555. 

Lieberkiihn's  glands  326. 

Light  24,  action  on  the  iris  844,  on 
respiration  136. 

Light  cells  881. 

Line  of  fixation  867. 

Lingual  glands  256. 

Lipemia  86. 

Lipochrome  74. 

Liver,  chemical  constituents  311,  con- 
nective tissue  310,  development  99S1 
lobules,  cells  308,  lymphatics  310, 
nerves  310,  structure  308,  sugar 
forming    ferment    31a,    vessels    308. 

Local  sign  927. 

Lochia  1004, 

Locomotion  in  animals  596. 

Lowe's  ring  845. 

Ludwig's  kymograph   16a. 

Lungs,  after  section  of  the  vagi  708, 
development  994,  edema  of  224, 
plexus  of  707,  structure  201,  tonus 
304.  vessels  203. 

Luster  876. 

Lustrous  eyes  of  animals  8jo. 

Lutein  74.  cells  954. 

Lymph  366,  lymph  cells  366.  lymph- 
plasma  366,  Ivmph  clot  366,  lymph 
serum  366,  collection  367,  chemistry 
367 ,  amount  368,  secretion  368, 
source  369,  propulsion  371,  influence 
of  nerves  on  formation  372,  lymph- 
hearts  372,  stasis  374. 

Lymphagogs  369. 

Lymph  capillaries  362. 

cells  366,  370.  origin,  division 

370,  destruction  371. 
channels  of  the  eye  821. 
channels,  origin  362, 
"         follicles  363, 
*■        glands  363"  372. 

Lymphocytes  45, 

Lymphomotor  nerves  769. 

Lymph  spaces  360,  362. 

system,  function  360. 
vessels  362,  37(. 

Lysatinin  305. 

Lysin  305." 


UacrocfteB  50. 
Macrostomia  987. 
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Macula  lutea  845. 
Magneto-induction  646. 
Magneto-induction  apparatus  647. 
Malarial  parasites  51. 
Malpighian  vessels  345. 
Maniacal  motor  activity  794. 
Man>^lies  344- 
Marginal  bodies  913. 
Manotte's  experiment  850. 
Massage  588. 
Mastication  center  745. 
Mastication,  comparative  343. 
Masticator^'  muscies,  spasm  of  339. 
Masticatory  stomach  344- 
Matter  18. 

Maximal  heart  stimulation  115. 
Meat  433. 

analysis  414. 
broth  4^5- 
decomposition  426. 
diet  443- 
extract  425. 
"      preparation  of  42$. 
Meckel's  process  986. 
Medulla   oblongata    748,    centers    748, 
pathologi(5a]    750,    relation    to    loco- 
motion 750. 
Medullary  groove  ()66. 

tube  968, 
Medusa,  development  939, 
Megaloblasts  50. 
Melanemia  50. 
Membrana  basilaris  899. 
decidua  07S- 
".  piipillaris  looa. 

"  reticularis  899. 

rcuniens  972. 
tectoria  898. 

versicolor   of   Fielding  850. 
Membrane  of  Cord  899. 
Meniere's  disease  701. 
Menstruation  50.  951. 
Mental  development  in  animals  776. 
Meroblastic  ova  048, 
Mesencephalon  96S,    1000. 
Mesoblast  9A5. 
Metabolic  equilibrium  430. 
Metabolism  as  an  index  of  lite  aS. 
experinients  431. 
in  the  tissues  448. 
laws  of  443. 
limits  433 
Metagenesis  1)41. 

Metallic  tinkling  rcspiratorv  sound  220. 
Metalloscnpy   o^G, 

Metaniorjihosinij  rfspirator\' sounds  212. 
Mctamnqihiisis  1)40. 
Melcnccjihaliin  tjbV^.    1000, 
Mclhemoglnliin   57. 
Methylniercaplan  336, 
Microbes  in  the  feces  338. 
Microccphalus  774. 
Micrococci 


Beaiatodea  cao. 


^W- 


Microcytes  50. 
Micropyle  946,  958, 
Micturition  5*0. 

Mid-brain    775.    776,   805,    968,    1000. 
Middle  plates  969. 
Migration,  law  of  1004. 
Migration  of  leukocytes  46,   180. 
Military  standing  position  591. 
Milk  417,  419,  411. 
changes  in  430. 

"      coagulating  ferment  of  the  pan- 
creas 307. 
coagulatmg  ferment  of  the  stom- 
ach 300. 

"      constituents  419. 
digestion  300,  305. 
evacuation  419. 

"      glands  417,  418. 

"      preparations  43a. 

"      secretion  417. 
tests  41 1. 
Minimal  diet  437. 
Mixed  colors  857. 
Mogiphonia  617. 
Molecules  18. 
Monistic  conception   1004. 
Monocular  polyopia  84 1. 
Monotonia  617. 
Moore's  test  267. 
Morula  961. 
Motion  of  animals  596. 
Motor  nerves  677. 
Mouches  volantes  844. 
Mountain  sickness  353. 
Mouth  fluids  263. 
Mouth  glands  256. 
Mouth  organisms  265. 
Movements  of  expression  61S. 
Movements  of  intestinal  contents  aSj, 
Mucin  of  bile  331,  325. 
Mucolacrimal  sjicctruin  S44. 
Mucous  cells  358. 
Miillerian  duct  997. 
Muller's  ex])erimfnt    151. 
Multiple   pregnancies  958.    fetal    mem- 
branes m,  979- 
Multiplieator  641. 
Murexid  lest  4^*^- 
MusciC  volitanlfs  844. 
Muscle,  consistfncy   547,  refraction    of 

light    548,    chemistry    548,    proieids 

545,  acids  549.  gases  549-  metabolism 
i;40.  production  of  work  551,  56q, 
irritability    553,    stimuli    556.    death 

557,  change    nf     form     in     activity 

558,  shortening  558,  volume  55S, 
microsco])V  in  contraction  ^jio,  curve 
of    contraction    560,    elasticity    57^. 

Muscle  currents  648,  theories  657, 
Muscle,  fatty  degeneration  of  636. 
Muscle-lil>ers,    structure    542,   elements 

542,  relation   t'>  tendons   544,  ner\-e 

endings     544.    sensor\-     nerves     545. 

red  and  pale  545,  563.  structure  54^. 

degeneration     546.     smooth     muscle 

546.  cell-bridges  547,  nerves  547. 
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Muscle,  heat  production  in  576. 
murmur  578. 
"        stimuli  556. 
stomach  344. 
Muscles,  arrangement  in  the  body  583. 
Muscles,  diarticular  586. 
Muscular  energy,  source  of  549. 
Muscular  fatigue  579, 
Muscularis  mucosfe  391. 
Miiscular  insufficiency  586. 
"  degeneration  588. 

atrophy  389. 
"  hypertrophy  589. 

paresthesias  937. 
"  sense  936. 

tone  736. 
Musculo-cutaneous  plates  969. 
Musctilo-cutaneous  tube  S4'- 
Mydriasis  683. 
Mydriatics  843- 
Myelemia  51. 
Myelin  633. 

Myelin  forms  in  the  sputum  349. 
Myenteric  plexus  386, 


Myograph  5(11. 
Myorj-ctes  Weismanii 
Myosm  549. 
Myosinogcn  549, 
Myosis  682, 
Myotics  843- 


548. 


Nerve,  regeneration  636. 

rigidity  6a8. 

stmiuli  639. 
"        stretching  630. 

suturing  636. 
Nerves,  functions  of  677. 

pilomotor  s*9- 
Nervi  ententes  955. 
Nettle-cells  541. 
Neuralgia  936. 
Neurite  635. 
Neuroblasts  1001. 
Neuron  631. 

Nitric-oxid- hemoglobin  60. 
Nitrogen  deficit  431. 
Nodal  points  of  the  eye  839. 
Noeud  vital  750. 
Noise  899. 
Normal  eye  835. 
Normal  position  591. 
Normoblasts  50. 

Nourishment,   quantity  in  health   433 
Nuchal  flexure  968. 
Nuclear  spindle  959. 
Nucleins  459. 
Nutritive  enemata  359. 
Nutritive  subcutaneous  injections  373. 
Nutritive  yolk  949. 
Nyctalopia  680. 
Nystagmus  807,  809. 


Narcotics  935. 
Nasal  pulse  156. 
Nasal  vowels  614. 
Natural  selection  1004. 

Near-point  835. 
Negative  variation  653. 
Nerve,  abduccns  693. 
accelerator  761. 
"        accessory  713. 
"        acoustic  699. 
"        depressor  707,  764. 

facial  694. 
"        glossopharyngeal  703. 
"       oculomotor  680. 
"        olfactory  678. 

optic  679. 
"        phrenic  214. 

splanchnic  388. 
trigeminal  683. 
trochlear  68a. 
vagtis  704, 
Nerve-cells,  changes  in  activity  638. 
histology  635. 
"  sensory  626. 

sympathetic  626. 
Ner\'e  centers   (general)   733. 
Nerve,  chemistr\'  636. 
currents  650. 

degeneration  633,  death  617. 
fatigue  635. 
fibers  (histology)  631. 
"        impulse,  rate  of  667. 
irntabiUty  639,  635. 
"        metabolism  638. 


,   Oblique  facial  cleft  985. 
I   Oblique  illumination  of  the  eye  850. 
Ocular  movements  866. 
Ocular  muscles  868. 
;   Oculomotor  nerve  680. 
'   Odontoblasts  373. 

Ohm  640. 
,   Ohm's  law  639. 
Olfactometer  915. 
Olfactory  cells  914. 
hairs  914- 
"  hallucmations  679. 

nerve  678. 
"  organ  913.  development  looa. 

"  region  913. 

Oligemia  86. 
Oligocythemia  87. 
Omentum,  development  995. 
Oncograph  189. 
I   Onomatopoesis  619. 
Ontogeny  1004. 
Openme  contraction  63a. 
I   Ophthalmia,    intermittent    686,    neuro- 
paralvtic  686. 
Ophthalmometer  830. 
Ophthalmoscope  847,  849. 
I  Optic  axes  851. 
"       defects  839. 

nerve  679. 
"       nerve  entrance  846. 
I       "      nerve,     mechanical    stimulation 
of  846. 
perception  field  79S. 
]        "       thalamus  803. 
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Optic  vesicle  968,  1001. 
Optogram  85;. 
Optrimeter  837. 
Oral  pulse   1 56. 
Organ  of  Cf/fti  Sq*. 
Or'j-orbital  cleft  985. 
Orth'.«c'jj»o  850. 
Osmidr''ML<i  5,^r^. 
Osmritic  tensKjn  38. 
OsRicles  'if  the  middle  car  890. 
OsMr'xrlasts  46, 
Osteomalacia  58K. 
Otoliths  898,  91J. 
Ovcrt'ines  903. 
Ovists  1006, 
Ovulatif/n  951. 
Oxalic  acid  483. 
Oxyhfinijglobin  51,  55,  60.  78. 
Oxyjihilc  leukfiott-s  47. 
Ozone  79,  in  the  blood  79. 


pMCcbionioD  granulations  809. 
Pacini's  fluid  36. 
Pacinian  lx»*Jies  921. 
Pain  934. 

Pain  anomalies  934,  935. 
Pain  conducti'/n   739. 
Painful  anesthesia  935. 
Pain,  minimum  of  935, 
Pain  points  924. 
Palajopithc-cus   1005. 
Pancreas  302, 

"  artiviiv  of  307. 

"  amyl'ilylic  activity  304. 

rli-1,  rlnjiiiicnt    9()5. 

i.\liri'.'ition   308. 

Ii-itula    103. 

lijiolytic  Jiclivity  306. 

nirvvs  30;. 

jinparati'in  of  ferments  3ofi. 

jirolcolylic   activity   304. 

■;  rc'itinK'303.   -iO/- 

siniciurc  30^. 
Pancreas  "i  Asilli  375, 
Pancreatic  ilial.ctes   (oH, 

iiiiee    303,    acli'jn    of    304. 
l'ans|il[yj,'iiiir;;rripli    135. 
PantMTniiiie   ■.|.i-i.eh   797, 
Paral)l:ivt    1)70, 

Paradiixiiiil  anrlit'irv  n'aclion  700. 
"  contraclion  6^7. 

li^lit   reaction   «44. 
"  i'>eali/.atioii     i>i    sensation 

Parav;lolniliii   7  ;. 

l'ar:il;.na   ij  ;'j 

I'aralyiii-  inie-tinal  v,rnti^jn    ijN, 

v.ilivn    .'(ii 
Tar.'ini V' "Imiiii--   iiiiiln]pU-\    7111- 
l'ar,'Ljili:i^i,i    7', 7 
I'ar.i'^ilr  .  Ill  1  111-  lilniiil  ;] . 
I'ari'iiiJiviiiat'iii-.   iiiin-tinn    373. 
I'ari'lri.'-i'.   :;  (>. 
l'anrl:il   ictU   iijo.    aij3. 
I'ariilal   i-ye   ^H;{.  | 


Parietal  flexure  968. 
Parotid  35^. 
Parotid  saJiva  162. 
Parovarium  997. 
Parthenogenesis  94a- 
Parturition   looj. 
Parturition  center  733. 
Passavant's  cushion  377. 
Passive  muscular  insuiticiency  5S6. 
Partial  paralysis  of  touch  934. 
Pathogenic  microbes  330. 
Pecten  883, 

Pectoral  fremitus  133,  609. 
Peduncles  S04. 

Pendular   movement    in    n-alking    594. 
Pepsin  392,  293,  396.  397,  199. 
Pepsinogen  293. 
Peptic  cells  389,  393. 
Peptone  397.  298.  399. 
"         absorption  356. 

reversion  356. 

tests  for  398. 
Peptonization  399.  300. 
Percussion  ai8,  230, 
Pericardial  fluid  367. 
Pericardium  91. 
Perilymph  897. 
Perimetry  853. 
Perineum  999. 
Periodic -regulator)'  vascular  mos'ement 

Penodic  respiration  313. 

Peristalsis  377,  283,  286. 

Peristalsis,  gastric,  disorders  of  340. 

Perivascular  lymph-spaces  362. 

Pernicious  anemia  50. 

Perspiration  534. 

Pettcnkofcr's  test  316, 

Phagocytes  46. 

Phanakistoscopc  863, 

Phar\ngcat  plexus  705. 

Phenol  305,  334,  488. 

Phenyl -hydrazm  test  367, 

Phlcbin   52, 

Phlebngram   185. 

Phonation  center  749. 

Phonation,  disorders  of  617. 

Phnnaiit'igraph  907, 

Phonograph  906. 

Phonometry  311. 

Phospht-nes  S45,  846. 

Phospliorescent  organisms  35^. 

Photohcmotachnmetcr  174. 

Phtitnrisia  6K0. 

Phri-nic  nerve  314- 

I'hrenograph   20K. 

Phrenology   775. 

I'hvloEL-nv   1004.  J 

Pliysiology,    iletinilion     17.      a"tt     ^"" 
relation's    17,  protisls  rS.    2S. 

Physiological  rhfoscoije  f>5  '  ■ 

Pia'l  vessels  810. 

Piercing  tones  S90. 

Pigments  462. 

of  the  blood    7-*-  - 
of  the  urine   4.*^  =^, 
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Pigments  of  the  skin  535. 

Pilomotor  muscles  529. 

Pilomotor  ner\'es  539. 

Pithecanthropus  1005. 

Placenta  975. 

Placental  murmur  184, 

Placental  villi  977. 

Plane  of  fixation  867. 

Plant  digestion  345. 

Plant  ferments  345- 

Plant-lice,  development  94*. 

Plants  and  animals  15, 

Plasma  65. 

Plasma-fibrin  72. 

Plasmolysis  37. 

Ptessimeter  a  18. 

Plethysmograph    in    measuring    blood 

pressure  165. 
Plethysmography  189. 
Pluricordonal  cells  725. 
Pneumatic  cabinet  151,  253. 
Pneumatograph  208. 
Pneumatography  Jo8. 
Pneumometry  205,  223. 
Pneumopleth'ysmograph  209, 
Pneumothorax  204. 
Poikilocytcs  50. 
Poikilothcrmous  animals  381. 
Point    of    intersection    for    visual    rays 

S30. 
Poiseuille's  hematodynamometer  i6a. 

space  178, 
Polar  action    of    the   constant  current 

665. 
Polar  bodies  948,  960. 
Polarization,  galvanic  643. 
Polarization  test  for  sugars  268. 
Polyarthrodial  muscles  586. 
Polycythemia  85. 
Polyeniia  84. 
Polyopia,  monocular  841. 
Poly-spermism  958,  960. 
Pons  804. 
Pontal  flexure  968. 
Pore  canals  946,  958. 
Portal  system,  development  of  992. 
Portio  intermedia  of  Wrisberg  694. 
Posterior  roots  717. 
Potatoes  418. 
Potential  energy  20. 
Power-sense  936. 
Premortal  respiratory  pause  211. 
Pressor  fibers  m  the  cord  740. 
Pressor  nerves  764. 
Pressure  balance  928. 

phosphenes  845. 

points  924,  927. 

pulse   138,   189. 

sense  927. 

stream   183. 
Primary  albumoses  197. 

colors  858. 

position  of  the  eyes. 
Primitive  aortas  971. 
cells  961. 
■'  kidneys  995. 


Primitive  mouth  962.  973. 
segments  969. 
"  speech  619. 

streak  963. 
"  vertebrEB  969. 

Principle  of  least  perceptible  differences 

928. 
Prochorion  963. 
Projection  system  of  the  brain  742,  743, 

744- 
Pronucleus  959. 
j    Propepsin  293. 
Propeptone  297, 
Prosencephalon  968,   1000. 
Prostatic  vesicle  997. 
Protagon  627. 
Protalbumose  627. 
Proteid  absorption  356. 

diet  442. 
Proteids  457- 

animal  458. 
vegetable  459- 
Proteinuria  494. 
Psalterium  344- 
Pseudo -antagonists  587. 
Pseudo-hermaphrodism  999. 
Pseudomotor  action  559,  695. 
PseudoBCope  876. 
Psychic  brain  functions  774. 
Psycho- acoustic  center  787,  799, 
Psycho-algic  center  800. 
Psycho-esthetic  center  800. 
Psycho-geusic  center  788,  900. 
Psycho-mhibitory  centers  785,  790. 
Psvcho-motor    centers    781.    792.  inhi- 
bition of  them  794- 
Psycho-optic  center  786,  798. 
Psycho-osmic  center  788,  800. 
Psycho-sensory  centers  785,  798. 
Psychrometer  230. 
Ptyalin  263.  demonstration  265. 
Ptyalinogen  265. 
Ptosis  682. 
Puberty  951. 

Pulsatory    acceleration    of    the    blood 
stream   159. 
"  phenomena  in  various  struc- 

tures 156. 
pressure  variations  167. 
vibration  of  the  body  157. 
Pulse,  alternating  145. 
bigcminato   145. 
caprizans   143. 
contracted   146. 
"        deficient  145. 
dicrotic   145. 
different  146. 
feeble  145. 
filiform  146. 
frequent   143- 
full  and  empty  145. 
hard  and  soft   145- 
infrequent  146, 
insensible   146. 
'"        intercurrent  145. 
intermittent   145- 


aireries  140.  ui  cutuliu  140,  ui  uuieuuis 
pedis  and  tibial  147,  of  femoral  147. 

Pulse  curves  138,  139,  affected  by 
respiration  149,  by  Valsalva's  ex- 
periment 151.  by  Joh.  Muller's  ex- 
periment 151.  by  breathing  into  a 
spirometer  151.  pneumatic  chamber 
151,  by  pressure   157. 

Pulse,  entoptic  846. 

Pulse  in  aortic  insufficiency  148. 

Pulse  measurements  137. 

Pulse,  technique  of  examination  133- 
138. 

Pulse  wave,  influences  affecting  153, 
length   153,  155.  velocity  153. 

Pulmonarj'  catheter  ?3q. 

circulation   170. 
disturbances  following  va- 
gus section  708. 
t-dema  214. 
inelasticity  215. 
plexus  707. 
"  vessels  103. 

Pupillary-  center  in  medulla  734. 

Pupillarv-  membrane  1003. 

Pup illo- dilator  center  749,  842. 

Purgatives  289. 

Purkinje's  phenomenon  856. 

Purkinje's  figure  845. 

Purkinje -Sanson  images  833. 

Purring  tremor  113. 

Pyknocardia   143, 

Pyknopnt-a  757. 

Pyloric  glands  zSq, 

Pvloric  mcomjjetency   140. 

Pyli'rus.  movi-mcnts  of  jNo, 

Pyramidal  tracts  -26.  744-  7'^\- 


puadrigeminate  buiiies  805. 


Ti.nt.;'!^    ... 


i^ciiiiciiw    uiuices    ui    lae    eve    mea 

830. 
Refractive  power  of  the  eye  835. 
Regeneration  of  lost  pans  451. 

of  tissues  451. 
Regular  astigmatism  841. 
Remforcing  tube  599. 
Renal  ner\-es  514.  vessels  469. 
Rennet-ferment  in  the  intestine  33S. 
ferment  in  the  stomach  joo. 
formation  300. 
stomach  344. 
Reserve  air  206. 
Residual  air  305. 
Residual  blood  98. 
Resistance  to  the  circulation  127,  12S 
Resonators  903. 
Resorption-ictenis  332. 
Resorption  of  bile  322.  326. 
Respiration  apparatus  327. 

automatic  regulation   75; 

l>"pes  of  210. 

Respiratory-    center    750.    subordinai 

centers  751,  stimulation  751.  facto 

influencing  754.  vagus  influence  75 

self- regulation  755,  pathological  75 

Respirator}'  curves  209. 

interchange  of  gases  232. 
movements,   pathologica 

210. 
pressure  323. 
spasm  757. 

tracts  m  the  cord  J40. 
variations    in    blood 

sure  166. 
volumes  205. 
Respired  air  231. 
Rete  mirabilc  89. 
Retention  of  urine  520.  522.  523. 
Reticular  membrane  899. 
Reticulum  343- 
Retina,  function  850. 
structure  819. 
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Retino-motor  phenomena  855. 

Retractor  muscle  of  the  lens  883. 

Reversion  1004. 

Rheocord  640. 

Rheostat  641. 

Rhinoscopy  608. 

Rhonchi  aaj. 

Ribs,  development  983. 

Rickets  588. 

Right-handedness  795, 

Rigor  553- 

Ringing  in  the  ears  911. 
Ritter's  opening  tetanus  666. 
Ritter-Valli  law  637.  664- 
Roaring  in  the  ears  911. 
Rods  and  cones  851,853. 
Rumen  343. 
Running  593. 


Saccharomjces  of  the  epidermis  539, 
of  the  urine  493. 

Saccule  897. 
Saddle  jomt  582. 
Saliva,  abnormalities  364. 
"        action  364. 

decreased  amount  339. 
"        secretion  of  339. 
Salivary  calculi  363,  339. 
ducts  358. 

glands.  3S7'*^svc'opment  994. 
secretion  339. 

center  363. 
"  "         nerves  ajg,  360. 

"  "         poisons  363. 

reflex  363. 
Salts,  absorption  of-  354. 
Saponification  306. 
Sarcins  341. 
Sarcoptasm  544- 
Scales  of  snakes  540. 
Scheiner's  experiment  835. 
Schizomycetes  339. 
Schlemm,  canal  of  817. 
Schreger's  lines  373. 
Sclera  817. 
Scolex  941. 
Sebaceous  glands  S3i- 
Seborrhea  539. 
Secondary  contraction  653. 

external  resistance  644. 
positions  of  the  eyes  867 . 
"  sensations  91 1. 

tetanus  653, 
Secretion  of  bile  319,  341. 
Secretory  ducts  358.  , 

Secretory   ducts  01    the   gastnc   glands 

289. 
Secretory  nerves  677. 
Self- digestion  of  the  stomach  301. 
Self  regulation  of  respiration  755. 

of  the  heart  93. 
Scn\icircular  canals  700,  8g8. 
Semilunar  valves  93,  99. 
Seminal  fluid  943,  reaction  943. 
Sensations  of  speech  movement  796. 


Serum  65. 
Serum -alburara  73 


Sense  centers  74a,  786,  798. 
Sensomobility  716. 
Sensory  circles  f^6. 

conduction  in  the  cord  745. 
cortical  centers  785,  798. 
impressions  933. 
nerves  678,  development  looi. 
sphere  788,  800. 
Septic  fever  71. 
Serous  capsule  976. 
cavities  363. 
"        effusions  374. 
glands  356. 

-albu 
Serum -casein  73. 
Serum-globulin  73. 
Serum  and  saline  transfusion  191. 
Setschenow's  center  731. 
Sex-differentiation,  cause  999. 
Sexual  gland  996. 
Short-sighted  eye  836. 
Sighing  335. 
Single  vision  871. 
Sinuses  of  the  dura  mater  131. 
Sinus,  terminal  965. 

urogenital  996. 
Siren  900. 
Sitting  593. 

"        positions  593. 
Skatol  88,  305.  334. 
Skin,  conductivity  of  540, 

currents  651. 

suppression  of  the  activity  of  533- 
SkoHosis  588. 

Skull,  development  of  984. 
Sleeping  and  waking  778. 
Sliding  uiduction  apparatus  646. 
Smegma  preputii  534. 
Smooth  muscle  573,  575- 
Sneezing  335. 

center  748. 
Sniffing  335. 
Snoring  335. 
Snorting  335. 

Soap-formation  in  digestion  306. 
Soaps,  absorption  of  356. 

reversion  of  357- 
Sobbing  335. 

Solitary  lymph  follicles  363. 
Somites  969. 
Sound-pantomime  618. 
Sound-picture  theory  908. 
Sound-waves  886. 
Space  sense  934. 
Spanicardia  143. 
Spanipnea  757. 
Spasm  center  773. 
Spasmodic    movements    740,    paths    of 

conduction  for  740. 
Spasm  of  the  glottis  711. 
Specific  energ>-  677,  8(3. 
Specific  energy  of  the  rods  and  cones 

8S3- 
Spectacles  839. 
Speech  611. 
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Tabes  dorsalis  739. 
Tactile  area  927. 
bulbs  930. 
"        conduction   ■j;i8. 
"        corpuscles  gia. 
"        discs  92a. 
reflex  739. 
"        sensations  738,  739. 
Tsenta,  development  941. 
Tail-fold  971. 
Talking- machine  610. 
Tapetum  850. 
Tape-worm  941 
Taste-buds  917. 

fibers  in  the  chorda  916. 
organ  of  gi6. 
'■       region  gi6. 
Taurin  316,  335- 
Taurocholic  acid  316, 
Tea  428. 

Tears,  apparatus  879. 
"       nerves  684,  697. 
"       secretion  697,  881. 
Teeth  chemistry  273. 
"       development  273. 

growth  375. 
"       shedding  275. 
Telencephalon   1000, 
Telestereoscope  876,  878. 
Telodendrites  631,  625. 
Temperature  and  the  vascular  nerves 
766. 
"  accommodation  to  403. 

artificial  elevation  of  406. 
"  artificially  lowered  408. 

daily  variations  393. 
influences  affecting  403. 
lowest  394. 
"  of  different  aninials  381. 

of  inflamed  parts  411. 
of  single  organs  385. 
of  various  tissues  385. 
points  930. 
postmortem  rise  407. 
regulation  394. 
sense  930. 

substances  affecting  406. 
Tendinous  cords  98, 
Tendon  nerves  S47- 

"         reflexes  733. 
Tension  ao. 

series  638. 
of  vessel  walls  141. 
Tensors  of  fascite  587. 
Tensor  tympani  muscle  893. 
Terminal  nodules  931. 
Tertiary  positions  of  the  eye   867. 
Testicle,  development  996. 

structure  945. 
Tetanometer  630. 
Tetanus  565. 

in  animals  566. 
"  in  the  newborn  567. 

"  voluntary  in  man  566. 

Tetany  196. 
Thalamus  803. 

6S 


Thaumatrope  863. 
Therapeutic  electricity  669. 
Thermic  center  788. 
Thermo-electric  elements  384. 
needles  384,, 
"  "         temperature    measure- 

ments 383. 
Thermometer  383. 

maximal     and    minimal 

metastatic,  outflow  382. 
Thermometry  383. 
Thermopalpation  385. 
Thigh-glands  540. 
Thoracometry  317. 
Threshold  value  814. 

of  stimuli  633, 
Thrombin  69. 

Thymus  195,  development  g86. 
Thyroid  196,  development  986. 
Ticklish  points  934. 
Timbre  903. 

Time  sense  of  the  ear  903. 
Tinnitus  700. 
Tissue  fibrinogen   71. 
Tissue  respiration  241. 
Tone  900. 
"      color  900,  903. 
height  900. 
intensity  qo3. 
"       musical  899. 
quality  903. 
Tones,  analysis  of  003. 
Tone  variations  of  the  heart  99,  167. 
Tongue,   glands  156. 

movements  276. 
musculature  376. 
"  paralysis  376. 

spasm  of  713, 
Tonsils  357. 
T(X)th-pufp  373. 
Topography    of    the     cortex     791,     in 

relation  to  the  skull  80 1 . 
Torticollis  713. 
Touch,  anomalies  933. 

partial  paralysis  of  934. 
Toxicogfnic  bacteria  330, 
Trachea  301. 

Transference  of  sensibility  936. 
Transfusion,  190, 

depletory  191. 
"  indications  191. 

"  method-i   191. 

of      heterogeneous      blood 
192. 
Transitional  corpuscle  forms  70. 
Transition  resistance  643. 
Transmigration  of  the  ovum  959. 
Transplanting  454. 
Traube-Hering  curves   167. 
Trichina,  development  94  c. 
Trithomonads  in  the  intestine  343. 
Tricrotism   146. 
Trigeminal  nerves  683. 
Trochlear  nerve  682. 
Trommer's  test  267. 
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Trophic  ctnttr  635. 

Trophic  hbcrs  of  the  fifth  685. 

iiLTves  677. 
Trotting  597. 
Trypsin  304. 

formation  305. 
Tryptonc  304. 
•Tube-casis  505. 
Tumultus  scrmonis  757. 
Twins,  triplets  958, 
Two-joint  muscles  586. 
Tympanic  cavity  895. 
Tympanitic  note  220. 
Tympanum  888,  890. 

pulse  of  igfi. 
Tyrosin  305,  334,  503, 


Umbilical  cord  978. 

murmur  184. 
"  vesicle  971. 

Union  of  tissues  455. 
Unipolar  induction  64O. 
Unity  o£  energy  25. 
Unity  of  the  animal  kingdom   1004. 
Unpoiarizable  electrodes  643, 
Unstriated  muscle  546. 
Urachus  975. 
Urates  481. 
Urea  475. 

compounds  478. 
"       demonstration  477. 

estimation  478. 
"       formation  475. 
Uremia  516. 

Ureters  ^I'j.  development  i)<}f>. 
Urethra  51'). 
Urethral  sphinclir  520. 
Uric  acid  479. 

dyscrasia  516. 
Urinnrv  bladder  51S,  jry. 

dcvclojimeiil  975,996. 
concretions  507. 
organs,  devclo]imeii(   995. 
sediments  503.   joh. 
tube  casts  505. 
Urine.   bLLctcria   in    504. 
<lriblilinj;  of  514. 
fcrmi-ntalion  493,   504. 
formation    513. 
inoriranie  consliluenls  490. 
physical   pro]icrtics   47?, 
i"etcnli"n    ^lo.    ^22,    ^23. 
seeretinn    5011. 


Vagus   nirvt     701, 

Viilvrs  iif   llii'   luMil   9;.   (p;,   ()S,    ]co. 

I  if  I  li.>   \  (ins    131, 
Valvnlnr  smniils  in  ihi'  vi  in-   rS^. 
Variii-;    ii>ij 

Vamishinv:  ilu-  -Um    |ii,   ;;: 
Vas;i    vn>i •niiii    1  ;.■ .    .■  ■  ^ 
\'a-;<'u]ar   1 1  n  -  r  ii,    i  ^  1 

Va>i"lil,iN.i-     !■!  M'<  r      771.      ■  :il  ■■ivilinjU- 
^piii.'il  77.',  •:•  ■T"l  ;■  .il  7  "^ 


Vasodilator  fibers  771,  course  772. 
Vasomotor  angina  pectoris  771. 
Vasomotor     center     76a,     subordinate 

spinal     735,     768,     peripheral     768, 

conical  769,  789. 
Vasomotor    fibers    762,    course    in    the 

cord    740,   course    763.  influence    on 

bodily  temperature  767.  local  eflects 

766,  influence  on  the  heart's  action 

767.  i>athological  768. 
Vaso-fonnative  cells  42. 
Vatcr's  corpuscles  920. 
Vegetable  foods  426. 

proteids  459. 
Veins  of  the  first  and  si-eond  circula- 
tion 992. 
structure   131. 
valves  of  131. 
Vekjcity  cur\'e   174. 

of  the  blood  stream  171.  175. 
of  the  ncr\-e  impulse  O67, 
pulse   173. 
.    Vena  terminalis  965. 
Venesection   166.  393. 
Vcnomotor  nerves  769. 
Venous  blood  82. 

plexuses  809. 
"        pressure  169, 
"         pulse  185,  in  the  retina  186. 
sounds  185. 
Ventilation  246. 
Ventricular  capacity  thi.  176. 
Verbal  deafness  799. 
Vemix  caseosa  534- 
Vertebra;,  development  972. 
Vertebral  column,  development  983. 

deformities  588. 
Vertebral  derivation  of  the  skull  984. 
Vertigo  701,  807,  801). 
Vesical  sphincter  519. 
Vesicospinal  center  735. 
Vesicular  murmur  221. 
Vessels,  development  of  42. 

entoptic  shadows  nf  S44, 
s^-nsory  nerves  of  771. 
Vibrio  329. 

Viscera,  cortical  center  700. 
Viscera!  arches  073.  develo]mient  cjSb. 

clefts  973.  development  980. 
Visual  ani;le  S^o. 

axis  fi^3.  S6fi. 

csiiniation  of  size  and  distance 

87;. 
field   831. 

hallucinations  799.  847. 
purple   855. 
Villi  nf  tile  small  intestine  34S 

nf  the   ]ilaicnta   977, 
\'ilal   cajiaiilv   20(1. 

i-urv^y    2^. 
\'ii  u  Mil-.   lii>ilv   Sj  [ . 
\'iiC:il    ImUiN    (joo. 

I"l\  It  V      r;05. 

iVeiiiilu^!    .'23. 
n-^i-i.  r  609. 
\'"U-,  ,   Imvi^  ,4  (no. 
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Voice,  in  animals  618. 
"       pitch  609. 

range  610. 
"       timbre  613. 
Volt  640. 

Voltaic  induction  645. 
Volta's  alternative  (^66. 
Volume  pulse  189. 
Voluntary  hallucinations  847. 
Voluntary  inhibition  of  the  heart  7(11. 
Voluntary  movement,  path  of  the  im- 
pulses 738. 
Vomiting,  center  iSt.  749. 

"  movements  of  i8i. 

Vowel  analysis  905. 

apparatus  905. 

curves  906. 

flame  curves  907. 

formation  905. 
Vowels  611. 


Wagner's  law  of  migration  1004. 
Walking  59a.  596. 
Wandering  of  leukocytes  46,  180. 
Warm  blooded  animals  381. 
Water  413. 

"       examination  414, 
Water-rigor  554. 
Water- vascular  system  199. 
Watt  640 
Wave  of  contraction  in  the  heart  114, 

116,  118. 
Wave  movements  of  the  blood  128,  133, 


Weber-Fechner  law  814. 
Wheel  movements  of  the  eye  868. 
Whispering  611. 
Wine  430 

Wolffian  bodies  995. 
Wolffian  duct  99s,  997. 
.  Wolfs  throat  985. 
Word-blindness  799. 
Word-deafness  799. 
I   Work  19. 

in  bicycling  595. 
in  walking  595 
of  the  heart  178. 
of  the  muscles  569 
I        "       relation  to  heat  production  400. 
"       unit  of  19,  aj. 


Xanthin  bases  in  pancreatic  digestion 

305- 
"         bases  in  unne  483. 

Yawning  216. 

Yeast-cells  in  the  intestine  331. 
Yeasts  419. 
Yellow  body  954. 
Yellow  spot,  recognition  of  845. 
Yellow  ^Tsion  323. 
!  Yolk-sac  971. 


Zooglea  330. 

Zymogenic  microbes  330. 
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